{3) Classification oﬁ Reliability Level in Supply-Areae,

In Japan, no uniform reliability standard (failure recovery
time) is applied to the whole supply areae, but the supply
areas are classified to 3 levels or go (for example, urban cen-
ters, urban peripheries, and suburban areas)_according_to the
_importance of loads, geographical ccnditiens,;etc.,,and this

classification is reflected in the power facility planning. é

In establishing the reliability level of theIProject'Area, it
is not recommendable to set up_a‘single_standard_for the whole
area, because the geographical conditions and the importance of
loads are different from Centro dietfict and San Lorenzo
district. Therefore, it 1is recommended to classify the whole
area into two zones of different ranks, as illustrated in
Figure 8-6, to assign separate failure recovery time to each
ZOne, and have them reflected in future nower facility

planning.

Aithough,the values of failure recovery time shall be deter-

oy

mined after the current conditions are caréfully studied by
ANDE, the target values, as deduced from the Japanese current
practice would be around 90 minutes in Area-A and 150 minutes

in Area-B.

8.8 Distribution System Reliability Evaluation

The effect of reliability improvement measures such as introduction of
automatic sectionalizing switches and computerization of the
Distribution Dispatch Center, which are recommended in Chapter 8 and
Chapter 9, have been evaluated by enalysee for the distribution
systems of 2000 when the Project is completed, for the two cases, on

" with reliability enhancement measures and another without these

Fraity

Mmeasures.
The analyses indicated the folloWing benefits.

(1) Both the area affected by power supply feilure, end the outage
time of unfaulted section can be substantialiy reduced° These

two effects bring about increase in energy sales revenue.
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(2)

Considering the power demand growth in future, and the ensuing
larger soclal effect of power supply failure, the benefit
resulﬁing from reduction of supply failure'consists of various
advantages that can not be evaluated only by the reduction of
energy sales revenue, Therefore, we can assume that the actual
benefit brought about should be even larger when we take {into

account such intaglble advantages.

The reduction of the area affected by the power failure will

bring about reduction in working hours maintenance workers.,

In addition, the gquick identification of faulted section will
have the effect of reducing the number of works required for

restoration of power supply. Concerning these contributions,
only the elements which can be quantified has been calculated.

However, there are elements that can not be quantified, such as:
(a) 1Improved efficiency in normal distribution system operation.

{b) Reduction of the extent of distribution lines to be shut

down for maintenance.

Therefore, the reliablility enhancement measures proposed by JICA
Study Team will have favorable effect in a large variety of

aspects.
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CHAPTER 9. SUPERVISORY AND CONTROL SYSTEM OF DISTRIBUTION CONTROL CENTER

9.1

Current Status oE'Dispatching and Control Systems

ANDE'has'tﬁefCentfal Load'Dispatching'Centef'under its Engineering

: Depeftnent;”and'the ﬁoner“generatton, transmission and substation

facilit{es all over the nation is controlled by this Central ‘Load

lDispatching Center. In. the Metropolitan Area, the Distribution

_Dispatching Center is operated by ANDE under the Business Departuent

'to deal Wlth monitoring, operation and maintenance works of distribu-

tion systems of 23 kV and lower voltage classes.

ANDE'plantho”noneitnis'Distfibution Dispatehing Center within a few

yéars to a site at Boggiéni'which is.cufrently used for its warehouse.

On of the tasks7of;JICA‘Stndy_Team is to develop a conceptual design
of the Supervisory Control and Data Aquisition system (SCADA System)

which will be uséd in the new Distribution Control Center for enhan-

cément of:snpply reliability of the distribution networks in the

9.1.1

Project Area.

Central Load'Dispatching Center -

The Central Load Dispatching Center is 1ocated in a buildlng which
_is adjacent to ANDE'S headquarters, and the Center is in charge of
the operation of power generation, transmission and substation faci-—

litles all over the nation.

This Center ie equipped with a mimic power system board on which the

transmission system from Itaipu and Acaray Power Plants, 220 kV
“‘transmission lines ‘and 220 'kV" substations are represented, and the

‘load dispatcning control ‘desks. rhé Center is operated by 3-shift,

VJZ—men operators.3”

_'The Central Load Dispatching Center. and each power facility are
1inked by UHF radio communication systems, The status of operation

- of each facility is directly reported to the Central Load
Dispatching;Center via UHF radigo, and the shift operator manually



9.1.2

operates the meters (indicating generator output, transmission line

power flow, substation bus voltége, ete.) and circuit breakér'posi—
tions to display the system status, and conducts monitoring and

operation,

ANDE plans to renew this system with & monltoring and control system
employing computer, and currently éonducting a_test operation on a

test facility supplied by BBC. R eg

This test'faciliﬁy consists of 1 CPU (64 kB main memory), aﬁﬁiliary
memofy'(2.5 MB), 2 CRTS,‘Q typewriters and 1 oﬁefator's console.

The functions of ﬁhis system include mbnitﬁring of powef faéility
status and remote opération of 220 kv circuit ﬁreakers,.and the
information required for this operation, such as circult breaker
positions, power generations at Acaray and Itaipu Power Plants, 220
kV transmission line power flow and 220.kV substation. bus voltage,
are transmitted from each station via power line carrler systems and

UHE channels.

There are 24 UHF channels, and 3 of them will be allotted to SCADA

System.

As this tegt facility has been operated with good performance, ANDE
is contemplating to introduce a full scale SCADA System, equipped

with a computer system, into its Central Load Dispatching Center in
future. Therefore, the superviéion'and control sﬁstem for the new
Central Distribution Control Center to be studied here must be a

system which 1s compatible to this SCADA system.

Distribution Dispatching Center

The Distribution ﬁispatching_Center under the Business Department is

located at Dr. Francia district near antro,ﬁwhich is_approximately

4 km away from ANDE's headquarters. The monltoring, operation, and ' %%
recovery works of distribution systems having 23 kV or lower Qoltage

in the Metropolitan Area, including the Project Avea, are dispatched

by this Center. The.Distribution Dispatching Center is operated by

3-shift, 3-men crews, and patrol cars are'assighed to this Cenfer

all the time and they are manned by 3+shift crews.. When the new



Digstribution Control Center is compieted, it will become a larger
organization staffed by 137 persouncls, This new organization
(Departamento Operaclon de Redes Distribucion, to be termed

D.0.R.D.) is illustrated in Fig. 9-1.

The Distribution Controt Roon is:with mimic board representing the
23 kv disttibutipn'systems, commaﬁd_desks and a map indicating the
clty. The customer complaint dealing center, having 12 telephone
séfs, 1s provided adjacent to the abdve facilities,; and 2 to 3 wen
answers thesé.telephoﬁe sets under normal conditions. As troubles
ffequently-qcéuf-éq'rainy days, the situétion 1s such that that per-

sonnels keep ahsﬁering all of these'telephone sets all the time,

It was'reportéd_thht'the“ndmber”of.cpmplaints placed by the
telephone is 120 td lBOrpér day'accordiﬁg to the 1988 record, and it
ig decreasing in fecent years. Whenrfaults that must be dealt with
by the distribution sector occurs, the fault locations are surmised
based oﬁ reports send_from tﬁe Ceﬁtral Load Dispatching Center, or
in case of lbw voltaée liﬁe failures, based on the complaint from
customers, This infofmation_is supplied to the patrol vehicles or

malntenance. vehicles by VHF radio to deal with failures.

9.2 Basic Conditions

In enhancing the reliability of distribution systems, the most impor-
tant factors are the reduction of failure through strengthening of

facilities and the quick recovery from fallure.

The measures for'strengthéning‘of'facilities are discussed in Chapter
8. In reélizing:qﬁick recovéry from supply failure, a new supervision
and control system, by whiéh'the current problems are overcome, and at
the same time which is eomﬁatible to the SCADA System to be insﬁalled

in the new Central Load Dispatching Center, must be introduced.

In déveloping the conceptual design"df'this system, the following fac~

tors must be taken into considerakion.’



= ks g
wOMSUEmbm m.md.omkmn HH — EOO ¢Z ' DO5T
OIUITIIOBID Ohnpn.m ¥ woﬂﬂu.ﬁﬂmbm m.mdbmhmm TIT — mﬂoo m.m ® Q00:/0
_ - 00T1ENd 8&% NOTDDES:
Wm.no..nﬁmu 12
STUQTUED: § WOHSUEPP ap 183101 mo.ﬂbuﬂm\rm m.mdow..nmm o s . M.SOO @O € OO A
.mmu Hmdomumm mv Hmuo.H moHsuEm\..ﬁMmmdomhmm Q7 i SUQQRZE B005YT
o i SoINITYaAyT)seuosiad mm .. SsuposeT ¥ 00:90
mmgowo¢>ﬁ~wmo , onu¢mmmo onuumW mozmaa
Lot ‘ AHU
,, .zowummumm = o>Hmum¢ A .Hoﬁzg {9 (2
¥0I0FS ' 801038 — L : -
T : _ : I 01IS0d3T J0IDIS |. SOCNgIC ¥oIDES
“(79). e (22) ! — _
SORVIORY 4 NOIONEIY |- OUHAmDm CAVEIROTY (2) - {8} :
- X NOIOV¥HEJ0 ¥0I03S | A0 DINIIHINT INVH SETVIINTGD SO0TOIAEEZS | gk (c o G
—— ,w,onuzuuq MO0IDZS S ¥0ILDEIS TO¥INOD ¥OIDIS
ANU B . . B - .ﬂ . B .._ _
-osInT 3@ VAIVIEL . {2) (£) (g3 .
XD L DTS S ofotatv =@ oT0¥INGD "L ( - - zOHo¢zMHmHm X ZH0D Aq -
: 7 1. COINFIRVINVAZT ¥0I0ES SCTINOTIHIA YOLDES S NOIOVAVEDOES ¥0LOES
. (61) 1 i _ :
SORYIOE 3C HOIDNATY (52) NG 9] (€T - (g
i = 001740 OQYIERATY 0 A04adav | CYDINDSTEL s VAIIVIISININGY
NOIOVYZI40 NOIDDIS HeIDDIS NOoI2DIS NCIDOIS _ HO0IDDETS
OLNITHVILSIIAY NI «* £
(€ VIVYVIZTEODIS
|
{2) (2) KOLOY CYHVIT 34
. : _ YI04vVSIo0da/d
VIONELSISY ROIDVINAKOD « SINOIDVIIEVYE T %
(1)
YINLVIEL

gI918Ig 3IJ SICIT IC

2191Ws) OXITOD TOTINQTIISTQ M8N 30 morTiezruedag

¢L¢MUHZ¢wmo

*J4TI0

*014d
T-6*231d




(1)

(2

(3

Quick Identification of Faillure Information

At present, a report of fallure on medium (23 kV) voltage class
distribution systems is first transmitted from the distribution
substation involved to the Central Load Bispatchlng Center, and
then transmitted from the Central Load Dispatching Center to the
Distributidﬁ'ﬁispatching Center via'UﬁF fadio.

It is_feported‘that the time required for a report to reach

Distribution Dispatching Centar Erom a distribution substation

via Central Load Dispatching Center 1s approximately 15 minutes,

This doés not include the time required for an operator to com-—
firm the nature of failure, and considering this, the time
required for identification of a faillure by a Distribution
Diopatchiog Center operator may be ionger, and this delays the
time.required for.the:Distfibution Diopatching Center to deal

with recovery of a failure.

It is necessary that the new Distribution Control Ceater can
identify the failures which must be dealt with the Center, such

as faults on 23 kV feeders, as soon as they occur.
Constant Ménitoring of Distribution Lines

It is required to constantly monitor the operation of
distribution lines to promptly and accurately deal with the

fallures and line operations.

The'new_sopervision_and_control'system for the Distribution

_Control Center must be such that it is compatible to the SCADA

7'system to be 1ntroduced to the Central Load Dispatching Center

(4)

.‘and it can contribute to the overall reliability enhancement of

the whole power system.

The new system must.be eqﬁipped with the function of prooessing

and oditingﬁvaridus_oota with appropriate software, so that the

data base whioh'oan be used by the'human operators can be deve-

1oped and at the same time the statistics which are needed for
automatic operation of substations and future distribution system

planning can be developed.



9.3 Supervisory Control System of New Distribution Control Center

The conceptual design of this system ghall be based on the following

guidelines.

(1) Various information on operation and failure status on the sccon-
dary side of distribution substation transfornmers will be incor-
porated into the new system as much as possible so that quick and

accurate recovery action on fajlures can be developed.

(2} The system will be equipped with the function of processing and
editing various statistical data:on.dist:ibut{on_network so that

such_data can be utilized in future for distribution network

plaaning.

(3) The system will be so designed that it i{s linked with the com-
puter of the Central Load Dispatching Center to exchange infor-

mation and share a common data base with it.

As the details of the system which will be Introduced to the Central
Load Dispatching Center has not been established yet, the detailed
design of this system will be developed in coordinétion with SCADA
System, Iﬁ this stage, only the hardware conceptual design has been

developed,

9.3.1 System Configuration and Basic Functions

This system will have the configuration which 1s basically com-
patible to SCADA Systen employing computer, and will be provided
with a mimic monitoring board on which the opevating Sfatus (circuit
breaker positions) of the whole transmission and distfiﬁupion
systems of the Project Area are displayed. The status of the
distribution systems, which is currently displayed on a manual mimic

board, will be monitored on CRTs.

The operation status and of each Eeeder,'as well as Eﬁéir statisti-
cal data, will be prbcessed and edited, and output on CRT screens in
order to rationaliée the current logging works. The system will be
equipped with the function of controiling the 23 kv circuit breakers

on the secondary side of distribution substations.

ST



The details of this concept are described in Section 9.4.

9.3.2 8cope of Supervision, Control and Meteriﬁg
(1) Scope of Monitoring

As a general rule, the on/off status of circuit breaker or

other switches on the distribution system arve supervised.

The status of the whole power systems 1n the Project Area will
be supervised by the positions of circuit breakers, on the

mimic mbnitoring board.

This function will be provided because, in implementing the
remote operation of 23 kV switches as described in the
paragraph of scope of control, erroneous operations can be
avoided if information on the upper power systems 1is avallable,
In addition, this information will help the operators to
understand that the 23 kv systems they are operating are not
independent systems but they are related to the upper voltage

systems.
{2) Scope of Control

Simila:ly to the current practice, the circult breaker opera-
tions.dowu.to the secondary side of'transfoimers will be

controlled by the Central Load Dispatching Center, and the 23
kV feeder circuit breakers and the 23 kV bus circuit breakers

will be controlled by the Distribution Control Center.
{(3) Scope of Metering

Based on the same concept as Paragraph (2) above, the 23 kV
voltage and current {power), below the transformer secondary

circuit breakers, will be measured by this system.



9.4 Conceptﬁél'Design of Supervisory and thtrol’S}sfem o

9.4.1

Supervigory Funotlon_

The operating status and circuilt breaker positions of 23 kV distriu-

bution systems will be constantly supervised on the mimic monitoring

board. and CRTS.
(1) Mimic'Monitoring Board
The circuit bfeaker positions.of 220 kv suﬁstations'(those
having 23 kv feeders), 66 kV transmission 1ines, 66 KV substa—
tions and 23 kV feeders are displayed. (Flg. 9-2)
(2) T
- (a) Operation Monitoring Page -

_The_simplified diégram of each sobstation and 23 kV power
.8ystems will be'disblayed and’ the: following items will be
-indicated. (Fig, 9-3)

(i) 23 kv bus voltage _
(i1) 23 kv foeder current (power)
(iii) Position of automatile switohés
(iv) Loadé on each section of 23 kv_feéde}'that is

‘separated by sectionalizing switches (manual input)
(b) TFeeder Switch Position Monitofiﬁg-Page

This function replaces the infor@ation displayed on the

current monitoring board,

Each foeder is displayed on CRT, éﬁd the position of each

sactionalizing switch. wfll be: monitored. - The switch posi-

tions are input through CRT by the Bystem operators 7
accordlng to the information reported by site workers.'
This information, including the time, switch numberrand'
type of operation, will be output on typewritérs. '

o

ey
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Fig. 9-3 CRT Display for Operating Condition of Distribution Lines
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9.4.2

9.4.3

(3) Expandabilicy

The configuration of distribution systems changes on dally and
hourly basis, and new distribution lines are added as load
increases. This system will have the function to deal with
expansion and change of distribution systems. Such changes
will be incorporated into the system by operators through

simple operations on (RTs.

Control Functions

The system will be equipped with the function of remotely
controlling the circult breakers which are located on 23 kV busses
and feeders below transformer secondary breakers. Each circuit
breaker in substations will be equipped with the 43R switch
{manual/remote). Whén the feeders are shut down for inspection, the
related 43R switches will be turned to manual, to prevent unne-

cessary remote operation and facilitate work efficiency.

The circuit breakers can be remotely controlled only when 43R switch
is set at "remote". The status of 43R switches will be displayed on
the operation monitoring page of CRT. 1In actnal operation, the
operator will select a particular circuit breaker by pointing it

with his light pen, and then execute ON/OFF operation.

When a circuit breaker is selected by an operator, that circuit
breaker will be identified on the mimic monitoring board by
flickering light, so that other operators can also confirm that the

selection Is correct.

Recording

The feeder operating conditions, which iIs currently logged by opera-
tors, will be recorded by computer operation. With this facility,
the logging.and editing of these records ﬁill be done in the
Distribution Control Center. This will not only increase the effi-
ciency of planning and operation of distribution networks, but also
contribute to introduction of automatic operation to substations in

future,

9 - 13



(0

Operation Records

(a)

(b)

(c)

Daily Report

The hourly measurement of following data pﬁ 23 kV system.
of each substation will be output on typewriter at 24

hours every day.

(1) 23 kV bus voltage
(11) Current (power) of each 23 kV feeder

(11i) Maximum current (power) of each feeder of each day

 The measured values of Items i) and 11) will be displayed

on CRT for each substation at every one'hogr. A facility
to develop trend graphs of Item ii) for each feeder or

substation will be added as required.
HMonthly Report

The following data of each substation will be output on

typewriter at 24 hourse on the last day of each month.

(i) Daily maximum current (power) of each feeder

(1i) Monthly maximim current (power) of each feeder
Statistical Processing

As the trend of demands- on each feede: is. an important
information in planniag distribﬁtion networks,.the system
will be equipped with the function to display the monthly
maximum current {power) of each feeder in the past two

years on CRT as a trend graph.

As this information is a variable datum for the section in

charge of distribution netwprk planning iﬁ thg Business
Department,'it is reéommeﬁded to ﬁrovide a faéiliﬁy by
which this syétem is“inteflinked with the computer in
ANDE'S headquarters so:that‘the data céq be outpuﬁ at the

headqﬁérters whenever they are required.

9. - 14
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(2)

(3)

&)

(5)

Féult Records

When the foliowing faults occur, the 'system sounds buzzer and

the fault messages are output on CRT screen and typewriter,

(a)r Report of faults involving each substation, including
substatidn faults (transformer fault, bus fault, etc.) and
faults on counected transmission 1ines.

(B). Allrfaﬁits.oéduftihg on 23 kV systems are output on CRT
and-tQpewriter,'iﬁgluding the time of occurrence, fault
t;pé, tfipped-éiféuit breakers.

(1) Short circuit and gréunding faults on each feeder
.(11). Successful reclosing of each feeder (permanent
_ fauit) 7 7 _ _
(iii). Others (communication failure, etc.)

(c) Editing of fault records

All'féults_whiéh occurred during a preceeding year are

edited by each feeder.
Oﬁetétibn Récbrds”'

Each opératiqn”of 23 kV feeder and bus circuit breakers is out-—

~put by message on typewrlter.

Status}Récdrdé_

Méssagé is ddtput on typewriter each time the status of a ecir-

cudt breaker on 23 kV feeder or bus iz changed.

CRT Display Print

_All messages diSplayed on CRTs are copiable through hard-copier.

9 -15
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Miscellaneous

(1)

(2)

Overvoltage and Over Load Monitoring

A message\is outpuﬁ.on-CRT and typewfiter when feeder cutreunt

or 23 kV bus voltage exceeds certain values (control values).

Fault SectionEIdehttficatioo:in'23_kV'Feedeerault . . _ é

With this function the faulﬁed'Section of'a 23 kV feeder is

identified by computer, to support the distribution system

(a)

(b)

by different color.,

-reliability improvement measures proposed in Chapter 8.

Principle

The computer tdentifies the'faulted'seetion by analyzing
the time difference in closing and tripping actions of the
reclosing circuit breaker in a substation and the automa-

tlc switch on the feeder,

Faulted Section Ideﬁtification Method-

AT

In Figure 9-4, a series of operations to ‘be performed by
the 23 kV clrcult breaker and automatic switch to .saeparate
the faulted section is indicated for the case that fault
oceurs at Section~C. 1In this case,,the;comppte: counts
the time from the moment the 23 kV circuit=bqeaker ree10w
ses and to the moment the autometic switch C recloeee_at
time (2) and then the elreuit breaker.tripsfagaiﬁ; "The .

computer identifies the particular automatic switch that

aught to reclose at moment (2), and thereby detects the.

faulteé section.

The result of computer identification is'indicated on CRT

N

With thie information, the maintenance_vehieie'caﬁ be .
dispatched more quickly, and it can go straight to a par-
ticular location to find the fault point oh.the.distripo—'
tion line ins;ead of patrolling'the whole line.  This will
reduce the time required for recovery, and substantially_

improve the supply reliability.
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| Fig.9-4 Procedure for Detecting Fauity Section
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Hardware Counflguration

The configuration of the Héfd&afe; whicﬁftﬁé JIGCA Study Téam recon-
mends based on consideration of thé.following three elements, is
presented in Flgure 9-5. The computer system layout is presented in

Figure 9-6.

(1) Availability

As this SCADA System plays an important role in collecting data

and controlling the 23 kV system, failure of this system would
“have' a serious effect on operation of the distribution systems.
Therefore, a redundant system (duplicate CPUs) is adopted so

that "the monitoring and coutrol functioms are not lost even if

one CPU falls.
The system will be normally operated in on-line/stand—by mode.
(2) Maintainabllity

The system can be checked with one series of equipments
separated and shutdown. The normal function of the system is
maintained even when one series is separated for iﬁspection or

for other reasons.
(3) Expandability_

The distribution systems will be expanded year after year as
the power demand grows., This system has sufficient information
processing capacity.for the power system size whic¢h is expected
in 2010 or so, and equipped with the following I/O capacity.

In particular, the main and auxiliazy memories will have sufw
ficient capacity to deal with the final processing requirement
from the beginning.
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Fig.9-5 C.ohfigu'rd'rion 'of -Propbsed SCADA System
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(a)} 23 kv feeders
(b) Analogue data
(¢} Status data 1;800.points
(d) Controls 450 points -
(e) Switches (manual coutrol) : 3,600 points

-

360 _
450 points

- e

(4) Man—-Machine Interface
(a) CRT

One CRT will be provided for each bperator. All CRT pages
can be displayed by operation of function keys.

(b) Printer
The following 3 printers will be ﬁrovided.'

(1) ‘Typewriter : 2
(i1) CRT hard copy : 1

(5) UPS (Uninterruptible Power Supply) System

The UPS system is important in assuring power supply to SCADA

system.

The configuration of this system is illustrated in Figure'9—7;
It is composed of two serles in order to make it compatible to

the computer system and keep high:reliabiiity.
The capacity of UPS system will be around 15 kVA for each
series. ‘

9.5 Provisions to Existing Substations

It is required to provide the following facilities to the existing
substations in order to collect data from these substations as

described in Section 9-4.

{1) Auxiliary relay boards for remokte control of 23 kV feeder cirguit.

breakers.,
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9.6

(2) Transducers for measurement of 23 kV voltage and feeder current,

As transducets will be powered by PT and CT circuits, it is
necessary to check if the burdens of existing meters and the

transducers do not exceed the PT and CT ratings.

Distribution Control Center Building

The Digtribution Control Center buildiﬁg will be constructed with
reinforced concrete structure,'and the réof of the marshalling yard

(Playa de Maniobras) will be supported by steel structure, as the beam
span over this yard is long. - As the ground of the prOPOSed site has
low bearing force, the building foundation will be supported by piles

based on the soil survey.

The roof slabs of the Distribution Control Center building will be
performed asphalt water proof, and provided with metal plate'

non-structural roof to protect the huilding from sunshine heat,

The windows exposed to sunshine shall be ptovidgd with movable ver-
tical louvers or wmovable horizontalflbuverq, or other devices to evade

the sunshine, as appropriate, fikéd ort the outside of windows.

As the marshalling yard has high ceiling aﬁd wide cross distance, it

is recommended to provide a top-light on a part of the roof.,

The bulilding dimensions shall be based on Fig. 9-8, and the intefior
layout shall be determined according to the site conditions, Main

rooms shall be air-conditioned.

The equipment layout shall be determined by referring to'?ig,L9-6, and :
the equipment technical data'is shown on Téble'9—1. Tﬁe contfol room
and the computer room shall have a free acéess.floor with a separation
of 300 mm height.

It is recommended for lighting system to be desighed according to the

illuminance standard presented in Table 7-10.

Furthermore, the building design shall be executed in accordance with
the regulation for construction and the regulation for fire fighting

and protection of Asuncion City.
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Table 9-1 Technical Data for Design of

1 Heat radiation
Control room -

Computer room

2 Weight
Control room

Computer room

+

*
1

New Distribution Dispatching'Cenfer Building

2,580 keal

10,320 kcal

1,500 kg

4,000 kg

Floor Design Load
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10.1

CHAPTER 10 - TELECOMMUNICATION SYSTEM PLANNING

CuprénttStstus of_Teieoommqnioation System

'THeftéIééomMuﬁfestions systém curvently being oﬁersted by ANDE in the

‘ﬂ’Ptojeet;hféé; oovefingfthé'eepital'eity Asuncion and lts surrounding

"sféss‘fdrfloadhdisﬁstcﬁfné;'maiﬂtenanee of substation and

tfansﬁissloﬁ/distrlbot{oh line, consists of 450 Miz UHF. radio chan-

neéls and ‘150 MHz VHF radio channels; as well as power line carrier

'telephone circuits used between some substations.

r_The.communication_ehénnels used,for load dispatching_operations con—
; sists of 4 chanhels of UHF: tadio‘(S multiplex channels and 1 simplex
'_channel) which links: the Central Load Dlspatching Center to such

substations as San Lorenzo, Guarambare, Barrlo Parque, Puert Sajonia,

- Tres Booas, Centro, Lambare, San Miguel and Jardin Botanico. These

" channels alsc connect ‘Distribution Network Operation Ceater

- (D.0.R.D.), High‘Voifsge:Liﬁe-He{nteoahCe'Department, Equipment
-'Centrais~nepartﬁeot; and Labofétdfj'Depsrtment; and are used for
-mainceﬁanéeiaf oﬁefationwof'these orgéﬁizatioﬁs} -One of the channels

‘(eimplex) s alsoiﬁsed'sstthé”mobile‘fédio channel ‘for opevation of

disttibhtioﬁishﬁstétiOns“by'the sb0ve”four'departmentso " 0f the four

. VHF radio“chéhsels;‘two‘éhéhheis_afE“used between Technical

. Department and Commerdial Department and another two channels are

used oﬁly‘fof Coﬁmefeisl'ﬁepsrtﬁent.” In general, the existing UHF

" and VHF radio communication systems in the’ Project Area are used for
' communicatlon of multiple purposes such as load dispatchlng, main-

'ftenance of power plants and substations, and administration of the

maintenance departments 6f the Head Office in spite of their small

'inumber of channels and they constitute’ telephone circuits only,
: without Eacility_of data Lransm13310n, ‘This situatlon places certain

‘limitation ‘on“efficient lmplementation of malntenance and operation

works.,
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10.2 Improvement of Télecommunication Circuits

10.2.1 Basie Policy for Iﬁprovement'of Telecommunication Circuits

A total of 10 distributlon subétatibns_aré béing'opefated or -
constructed in the Project Area, whe:e_? morg'distribupion_substa«
tlons such as 4,B,E,F,G,K,L will be constructed by the year 2000,
According to the Project, a_distribution_controi center will be
constructed,in Boggiaﬁi; ﬁhere the five Maintenance Depértments are
currently located. According to the plan of the Project, the 17
distribution substations mentioned above will be remotely super-—
vised and controlled by the distribution control center, which will
take over Lhe operation-tasks currently being conducted by D.0O.R.D.
for the distribution gystems having 23 kV or lower voltages, so the
operational efficiency of these systems will be improved by using

new telecommunication system.

In the telecommunication'system of distribution substation super-
vision and contfqi, high reliability, Quigk response and high level
of priority of data transmissibn_are fequired. In thé_telecqm—
munication system to_impfove distribution line operation works, a
large amount of data must be transmitted and proceséed quickly and
the results must be filed and edited appropriately. While fixed
radio communication circuits are required for the former, the
mobile radio communication circuit is required for the latter. For
these reasons, the communication systems for the above two purposes

must be created independently, and_they_will be utilized 1n_comm0h

or connected together as circumstances such as business or location

requires. As the distribution”subsfations will be located within a
radLus of 25 km from the.new_distribution control center, construc-
tion of a radial radio cireuits is wore advantageous in'tefms of
economy, reliability and other factors. 1In the central area of
Asuncion, however, cable circuits must be introduced to some extent

because wany high buildings occupy thls area.

The UHF frequency band shall be adopted for the new telecom-
munlcation system, because with UHF multiple access subscriber
system, radial communication circuits can be easily constructed,-

and several tens of multiplex channels can be accommodated with

10 ~.2
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10.2.2

‘higher economy: ' In comparison, the VHF frequency band can not pro-

vidé’eqffidieut cpmmunicétion'channels, since 3 channals are

usually accommodated 1in this band, SHF band (microwave radio)

(1)

(2)

- could provide sufficlent ‘channels, but the construction cost is too

high.

RadioIWave Transmission Test

Geogréphy'of Project Area

~ The Project Area ¢0vers a narvow and long basin along the

Paraguay River where altitude is from 60 to 80 meters high,

. Most of the rest'qf the area are relatively flat 1and having

_altitude of lOOIto 180_meters. However, buildings are con-
centrated in utban.éreas'and.high trees grow densely according
to mil& climate éf.this country. Therefore, in constructing a
UHF network, it ts necessary to take adequate measures to pre-
vent these buildings'aﬁd trees from creating large attenuation
‘0f radio waves. It may be difficult to constitute UHF radio

circuilts In central urban areas where high:buildihgs are con-

_centrated, Sufficient land areas are found__iﬁ,Boggiani where

the distribution control center 1s to be comstructed, so high

.guyed towers can be constructed for antennas in Boggiani.

Sufficlent care must be taken for distribution substations
which are to be constructed in the central urban area, because
the land areas available are small and there are nearby tall

buildiﬁgs.

Test Method

One héndy fadiorset for amateur radio (Type IC-23, 144 -~ 1406

 MHz/430 - 440 MHz, 5 W output) and a mobile radio set for ama-
~teur radfo (Type 1C-2400, 144 - 146/430 - 440 MHz, 10 W out-

put) were procured, and a'field intensity measuring insktrument

. (Manufacturednby the Anritsu,'Type 518) was rented to perform

test measurements. - It had been confirmed before procurement

of these instruments that these radio sets can be operated by

ANDE without securing permission. The field tests were con-

dﬁcted on 400 MHz only, because VHF channel can not satisfy
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(3)

the needs of ANDE, and VHF has better transmission.performance
as compared to UHF, It was desirable to perform the -

transmission performance tests on 800 MUz and 1500 MHz,

because the transmission performance of these frequency bands

1s inferior to that of 400 MHz band outside the line of sight,

but such tests were not possible this time since it would have
taken more than 4 months to procure the radlo sets. ihe tests

were performed at Mojon, because; (1)_the altitude of'Bbggian{'

is 140 m, which is substantiélly lower than'Mojon-where alti-
tude is 180 m, (2) the antenna height was limtted to 19 m, and
(3) Mojon is only 4.2 km away from: Bogg1ani,'and the '

transmission test performed at Mojon can be’ effectively ugseful

for’ Boggiani.‘ The ‘radio wave was transmitted as‘illustrated
in Picture 10-1, ‘that is, the antenna was ralsed to a height
19 m above ground by a line maintenance créﬁe'thicle, and it
was connected to the handy radio set on thé'grOund by feeder.
Since the output of the mobile radio set is reduced when the
péwer Supply voltage is reduéed; the large capadity battery of
the crane vehicle was used as power source. On the receiviﬁg

side, the mobile radio set was loaded on a ANDE vehicle, which

-traveled for establishing communication with the sending side,

while the field intensity measurement tests and speech tests
were conductéd at existing and planned distribution substation

sites.
Test Resﬁlts

As the measurement had to be done with thé énﬁenna fixed at

the standard height of 4 m, input field of sufficlent strength

was nobt obtained due to the nearby buildings and high tfees.-
Also, as the réception sensitivity of the field'iﬁtensit&
measuriag instrument was +16 dB—micrbvolt/m;'whiéh'was worse

than the reception sensitivity of the mobile radio set of ~16

.dB-microvolt/m, only spéech'test was possible when the

distance from Mojon is more than 6 km, aifhough_bdth’field,
intensity test and speech;test were possiﬁleiWithin the radius
of 6 km from Mojon, where the field inteﬁsity was from 18.5 to

38 dB-microvolt/m. The difference between the field intensity’

10 - &



_calculated from profile and the measured value, which was 1 to
19 dB, was estiﬁated as the shield effect of buildings and
trees, As the distahce from Mojou exceeds 6 km, the.incident
anglerf the radlo wave was reduced, Ffor which the attenuation
by.buildings and trees increased and was estimated to be from
15 to 20 dB. ~Subtracting this value from the calculated
value, we can estimate the fleld intensity as 15.5 to 2.9
dB—microvolt/m;' These values are less than +16 dB~microvolt/m

which is reception sensitibity of field intensity meter.

The background nolse, measured by ﬁhe;fielﬁ inteﬁsity
neasyring instrumeﬁt, was 14 dB—microvolt/m at 200 kHz recep-
tion band. ‘When this value was converted to that at 15 kiz,
we obtain the background noise of 2.5 dB~microvolt/m. This

was a value that makes_radio speech possible.
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Picture 10-1 Transmission of Radio Wave in Field Tests

Picture 10-2 Reception of R_adio Wave in Field Tests
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10.2.3

Hobile Radio Circults for Distribution Line Operatlon

As discuesed in Section 10*1, the communicattdﬁ-ehennels for opera-
tion of transmission and distribu#ion-systems'in'tﬁeiProject'Atea
are composed of one channel of UHF radlo and four channels of VHF
radto. These radio channels are currently the cause of reduced
work efficlency and.interference with othet maintenance com-
munication because; (1) they:are_used in common with.other divi-
sions, and (2) it takes much time to complete speech bedaﬁee of
being simplex system, therefore they can not satisfy the needs of
the large number of radio equipped veﬁicles, (3) they employ the
general calling system, so the pefsons on vehicle have to keep
attention whether a call is addressed to them or hdt.‘ As the total
number of repair works forfdistfibﬁfibn liné amounts to 50;000
cases pet year, the data fethred for restoration, of failutes can

not be adequately edited, thereby impeding_the restoration works.

In absorbing the DORD to the distribution control'center, it is
proposed to introduce uew UHF moblle radio circults and & new com-
puter system for storage and display of information on distribution %

operation works through communication ciréuits._ The features of

the new UHF mobile radio circuits are described Below.

(1) Radio Frequency and Number of Channels

As the antenna height of mobile radlo set ts limited fo car
height in a mobile radlo system, the rad1o wave must be_
selected in such a frequency that the radio wave can propagate .
by diffraction eﬁen_when-tﬁere are obstrdcts:such as bdildings
and trees. Such frequency is either 150 MHz band or 400 MHz
band., Assuming that the number of radib*equippe& vehielee is
50, and there are 50, 000 repalr workb per year, the number of
channels required is. 8. (2 minutes/time/set X 2 times % 50

sets = 200 minutes, 200/60 = 3 33 Erlang. With 1oss probabiu

A

1lity of 2/100, 8 channels are required ) As a wide frequency
bandwzdth Is required, it would be difficult to secure such a
bandwidth if 150 MHz is adopted. The 400 MHzZ band”ehould be

selected, because this is also a more general pfactice.

1¢ - 10



(2)

Circult Designs

The wave propagatlon test was performed with the standard

" antenua height of 4 m,  However, the antenna helght of mobile

radio- -sets is limitedrto 1+5 m, and it 1s necessary to adopt a

' high'anteﬁna on the transmission side In order to prevent the

shield effdct of buildings and trees. In view of the perfor-
mance bf thé'test at qu0n, where the test anténna elevation
aboﬁe sea.le#el was 199 w (site elevation of 180 m plﬁs
antenia height of 19 m'équals 199 m), it'ishﬁeCessary to
constrﬁct'énéo meter.high steel ﬁower at -Boggiani to make the
antenna height to be 220 m, which is approximately 20 m higher
thaﬁ-the éhtenna'height ddring the propagation test (elevation
'of'Bbggiani'of 140 plus antenna height of 80 m equals 220
m). Aﬁteﬁna.height-of 100 m is reéommended because some

margin is réduiredrover the test results, and considering the

pecformance of taxi radio in Tokyo.

The channel design, whiéh_has been developed for the 26.5 km
distance from Boggiani~Distribution Control Center to Limpio
Substation, being the severest case, is presented in Table

10-2. The reception input is —102.2 dbm = 10.8 dB-microvelt,

which {s equivalent to 28.8 dB-microvolt/m in terms of input

‘field inteunsity, and sufficient communication can be

obtéined with this field strength, Although shield factor of
~20 dB is adopted in this channel design, the actual shield
factor isriess thaﬁ this value 1n many locaﬁiéns. Counsidering
the fact that the distance from qugiani'is less than 9 km in

most case of substations, this design will have no problem.
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-Table 10-2 Circuit Desigq'Examplé

7.'Boggiani;tp_pimpiqt(gﬁ.S km)

Séction

Output . - '+44‘dBﬁ=(25w)
Tfaﬁsm{séion Fgédér.to$s. _ f'2{?idﬁf   :
Transmission_&n#énna éaiﬁ. .:+10;Q'aﬁf;”w
Reception Antenna Gain_ ' _+34307&B
‘Reception FegdéfALoss 7 in.ﬁtéﬁjinr&I
Propagation.Loss_' N —125;0‘634 ;
Land Coefficient ~11.0 dB
‘Shield Coefficlent ~20.0 dB
Reception Leﬁgi N ~102.2 dBn

General specification of the équipment For distribution iine

operation mobile radio has been defined. in Table '10-3 below

based on the above data.

Table 10~3 . General Specification of Distribution .
' ' Line Opération Mobile Radid Equipment

‘Systenm FDMA
Number of Channels 8
Number of.Subscribers- 86 ‘
Radio Frequency 535 4_470 Mﬁz
Transmission Power Outpﬁt 259 (44 dBm)
Antenuva Tower Guyed Tyﬁe, 1ﬁ0_m
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10.2.4 Fixed-ﬁadiofCifouits for Distribution Substation Supervision/Control

As'toéoéﬁoioéufbs-éfé used for remote supervision and control of
distribut{on substattons, the channels must have high quality and
_reliability, and have sufficlent capacity so that' clrcuits are
1se1dom busy. The radio channels having the following performance

should be seiected.
AD. RadiQ 'Fr?quenéy

In UHF frequency (300 to 3000 MHz) radio communication, the
.400 MHz band, 800 Mz band, 1500 MHz band and 2000 Miz band
are generally used.. In:the 400 MHz band and 800 MHz band, it
has been'exoerienoéd'that the urban radio noise such as those
generated by automobiles sometimes cuts off communication, or
produces code errvor 1n data’ transmission, so that it is recom-

_ mended ‘to use 1500 MHz band or 2000 MHz. band in th1s case.
.(2) Radio Systenm -

‘There are two systnms of UHF band multiple access, multiplex
B communication, the FDMA,(frequency division muleiple access)
and TDMA (time division multiple;access). In the FDMA system,
”only-one suﬁscribet can oe'connectéd in the radio set of the
'éobofdihopo“Sﬁatioo,'.Theréfore, two radio sets are required
when:bofh téleohone channel and éupefvision/cohtrol channel
_ are necessary, and the host station nust be expanded accor-
..7d1ng1y, thereby increasing the cost, In the TDMA system, as
“multiplex channels are prepared in both host and subordinate
stations, both telephone cirtoits which are used as demand
. assign (in which the empty'choonel can be selected by the
control channel for communioation circuit every time a call
occurs). and the dota.transmiosion'citquits which are used as
'pre?aSSién (the-radio'ohannels ate prevaosigned to subordinate
_.stations) can be. composed without increasing cost. And also,
“TDMA system is very preferable because one communication chan-
el conrbe osed for 4 to S subordinate stations, if the
';sopervisioo/obntfol%sysﬁem e@p1oyé ?olling system (the host

" statlon caliing-sobordiﬂateistations one by one ‘and subor-
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dinate station transmlttiang data in résponse to host staﬁion
calling), Iu TDMA system, the subordlnate'station.has 6- chan-
nels, which can be extended by 5 km by a communleation cable,
and the excess chamnels in one station can be used for
supervisions/control of other substations and section switch

for distribution line.

For these reasons, the TDMA system 1s proposed as the radlo
system. The general SPécification of the radio equipment used
for the distribution substation supervision/control is
illustrated in Téﬁle 10-4 below.

Table 10~4 Radio Equipment Specification

Systen ' .TDHA
Access System Demand Assign/Pre Assign
Number of Access Channels 15
Number of Subscribers 128
Radio Frequency 1500 MHz band-(1427 to 1535 MHz) %
Transmission Qutput . 1w

) 95 m with common use of tower
Antenna Height for distribution line operation

mobile radio

As the supervision/control circuits require high reliability,
and the most advanced digital technology is used in the radio
systen, all radio sets shall be prepared by a set of two, one

for normal use and another for standby.

10.2.5 Telecommunication Circults for 220 kV Tranémiséioﬁ Line Protective

AR

Relay

In the Project, a2 double circuit of 220 kV transmission line will
be constructed between Puerto Botanico Substation and B Substation,
and one clrecuit out of the two circuits'of the transmiésion'line

between Guarambare Substation and Lambare Substation will be

i0 - 14



extended to A Substatlon, as_well as a new single circuit of 220 kv

transmigsion line will be constructed betwean Lambare Substation

and A=SUbStatioh.: The communication line required for protection

" of these new transmission lines shall be provided by radlo channels

due to the following reasous.

(1)

(2)

(3

(4)

Sufficient c§mmunlcat1Qn reliability ¢an be assured when 1,500
to 2,000 MHz band radio circuits are used and the transmission
and reception sets arve provided with normal/standby redun-

dancy.

If the antenna for substabtion supervision/control is utilized
in common, only Qne coupie of radio sets ave sufficient for
the doubie éirguits'of-transmlssion line between Puerto
Boténiéo.Subétatioh and B Substation when the radio systems
are used, a couple of transmission/ rveception sets, and

coupling devices such as coupling condenser and line traps are

reQuired,Eéf each cilrcult of transmission line when the power

line carvier gystems are used. Therefore, the radio system is

more economical than the power line carrier systen,

As the trahéhiséi@h 1iﬁé between Lambare Substation and A

Substation consists of overhead line seckions and underground

. cable sections, the.impédahce matching bridge is required at

the junction of overhead line and underground cable, in addi-

tion to the couvéntional équipment when the power line carrier

system is'ﬁséd;lthéféby_méking the power line carrier systenm

‘even less economical,

“The communication channel between Guarambare Substation and A

Substation can be established by connecting one of the radio
channels'tp be néwly'installéd'betweén Lambare Substation and
A Substation to the existing power line carrier circult bet-

ween Guarambare Substation and Lambare Substation,

- With this arrangement, the communication channei for the

transmission 1ine protective relay can be devaloped as

illustrated in the figure below.
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A Substatlon

UHT

B Substation

UHF

LAM Substation GUA Substation

PLC-(existing)

0 o— - - ©

_ PLC (existing)

o _ —0
PBO'SubStation

PLC "~ LIM Substation

0 O : 0

The specification of radio equipments to be used for

protective relay of the 220 kV lines is presented in

Table 10-5 below.

Table 10-5 Specification of.Radio Equipments for
‘Transmission Line Protective Relay

Digital (PCM-PSK)

Syétem

Frequency 2,000 or 1,500 Miz
Number of Channel | 6/30 -
Qutput Power 0.2 W

Standby System

Transmltter; Hot standby and switching
without instantaneous stop.
Recelver; Parallel reception

Antenuna Tower

Common use of tower for supervision/
control of distribution substations .

10.3 Establishment of Information Transmission Sjstém

10.3.1 Mobile Radio System for Opération of DistributiohfLiné'

In order to get more efficient works of distribution line opera—

tion, a mobile radio system for operation of diétribdtion_iine will

be newly established. The maln characteristics of the system'are

described belows

10 - 16



The FDMA 400 MHz mobile radio circuits described in Sectfion 10-2-3

will be used not only for telephone communication but also for data

transmission.

(1)

(2)

Telebhone‘

The telephone'system shall be such that individual calling

between dispribution control station and line operation

vehicles as well as between individual line operation vehicles

is performed by dialing.
Daté,TranSmission Circuit

Thé déta transmission shall be performed while there is no
telephbne éall on the chanﬁels. The system shall be such that
the remote display of vehicle positions, traunsmission of work
plans, résﬁlts, and other information by handy terminal and

facsimile can be exchanged between distribution control sta-

" tions and line operation vehicles. The outline of this system

is as shown In Fig. 10-1.

10.3.2 Information Transmission and Contrel System for Supervision/Control

of Distribution Substations

(1

Control System-

‘The maiﬁffunctions of the supervision/control system to be

iﬁteruced are display For monitoring and logging, and an ade-
quate polling éystem for this purpose shall be adopted. 1t is
imposéible to adopt_a system in whicl transmission can be ini-
tiated by the suﬁafdinate station for urgent message such as
alafﬁs;.becaﬁse sﬁch_systém requires complicated control
system ahd maﬁy cbmmunication_channels, ‘As there are few data

which mnét be transmitted urgently in this system, all data

transmissions will be initiated by the request of host sta-

tion,

10 - 17
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(2) Transmission Delay Time

'It'is'necsssary to make'the delayltime as short as possible
For ttonsmission of alarms Erom a'subordinate statlon, as
'described in Paragraph (l), and the delay time is spectfied to
‘be no more than 2 seconds for digital stgnals. For analogue
signals, the allowable delay time 1s longer than for digital
signals, and the load on the computer is Increased when the
dsta,is renened'too.frequently. ‘For these reasons, the delay
:time will be specified to be no longer than 10 seconds, The
:delay time of controlhsignal 15 selected at the same value

 with.digita1 signslj or no more_than 2 seconds,
(3) HNumbetr of Channels'

In a communloation channel for supetvision/controi, the

_ supervision/oontrolzfunetions wusk notibe deiaYed by .a busy
circuit;wnen the compnter polls substations, so the dedicated
oomnunieation.channels musk befpre—assigned. 5 substations
can be processed by | ehannel ﬁheﬁ the system described in
Paragraphs (1) and (2) is selected. .Therefore 5 channels are
pre -asslsned for supervis1on/control of up to 25 substat1ons,

" and the remaining 10 channels are : used for telephone com~
nunication as demand assign. As no busy is allowable in a
telephone call for load dispatching, 1. to 2 channels of the 10
will be.used as dedicated channels hav1ng tone ringer function

(individual call dsing tone frequency).

The outline of this system is as shown in Fig. 10~2.

_10.3.3 Signal Transmission System for 220 kV Transmission Line Protective
' Relay :

One of the signal-transmission sets for line protective relay at
Lambare Substation for Gneramﬁare'éubstation shall be moved to the
A Substation, and all signal transmission sets for protective
relays of the line between Lambare Substation and A Substatlion, and
"the double cdrcuit transmission line between Puerto Botanico
Subststion and the B Substation, shall be newly installed with spe-

cification eompatibie to the existing sets.

10 --19
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The'outliﬁe of this system is as shown Iin Fig. 10-3.
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11.1

11.1.1

CHAPTER 11 CONSTRUCTION WORK SCHEDULE -AND CONSTRUCTION COST

“Coﬁétfuetien Werk‘ScHedule.

Scope of Construction Werk

The refurbishment.andrexpension of -transmission and d{sffibutioﬁ'
systems- in the Project Area must be implemented immediately.- The

btart of constructlon work has been set. at 1993, considering the

. time required to develop detailed designs and bid invitation .docu~

'ment; to award eont:act, and,to.elose agreement with the contrac-

tors. Therefere, the flrst step of this Project will be completed
by the ead of 1994,

(At the end:of_1994, :he7220 kV tfensmiesion lines to be-introduced

" to the Metfepoliéan“AEea;'tﬂe'pfiﬁary eubetations;'the Dietribution

Control Center, and the monitoring/control sySteﬁe'and com-

. munication systems will be'eompleted; Vfollowing this;-the 66 kV

11.1.2

transmission lines, the secondaty.substaﬁions and the distribution
systems will be completed In succession by keeping pace with the

growth of power demand in the Project Area.

_anstqu;iqn.Method '

The construction works of transmission lines,. substations, com-
munication'systeme_end.Die;tibution Control Center will be awarded
to contractors in fuil turn key basis including architectural and

civil engineering works, purchase, shipment and 1nsta11at{0n, and

“olitest of equipments.-

The'conetructiqq works for the distribution facilities will be

implemented by ANDE. by div{diﬁg the Project Area into a number of
areas baeed on the refurbishment and expansion plans are developed

for each supply area.

11 =--1



11.1,3 Construction Work Schedule:

The construction work schedule, which has hecn developed. according
to the scope of construction and construction method descrtbed

above is presenLed in Table 11-1.

11.2 Construction Cqst

The construction cost added up for each item of trainsmission lines,
substations, distribition }1nes,?arch{tectuf31 works, énd‘com“
‘muriication systens is préseﬂtcd'{n”iablé'lf“Zl These ‘costs ‘were

' calculated by foreign ‘curfency (US$) and local currency (guaranl).

11.2.1 Basic Conditions for Cost_Calculation-

The construction costs have been calculated bascd on the following
cond1t1ons.
(1) The FOB price is based on 1989 'price'level,’and'eécalation is

not taken into account.
(2) Freight and Insurance Premium

CIF price is applied for construction ccst,7ﬁhich.is to be
calculated by adding freight (marinc:éﬁd'1and)aand“iﬁ8urance
premium to the FOB prices By the following rates.

- Freight 10% of FOB pfice;':

.

- Insurance premium' : 1% of FOB pfice.

As it is expected that the lwmport tax exehptfcn is applied to .

the commodities imported for this project, the impoft'tax is

not taken into account in the calculation.
.(3) TForelgn Currency Exchange_Ratec_

1 US§ = 1,200 guarani

11 -2



11.2.2

(4) Labor'COst

The labor costs (for decommlsaioning of old’ facilities and
1nstallation of new facilities) have been estimated based on
'the following rates._ The 1abor costs in dlstribution seckor,

however are based on the values indicated by ANDE.

uubstation Sector v 207
'Transmission Sector ' ;307
_ Distributlon oector : (To be determined on discussion

with ANDE)

Telecommunication Sector : 20% .

_.(5) Engineéring Fee and Construction Management Fee

A 7% portion of conmstruction cost has been added to the

-econstruction cost in forelign currency.
(6) Contingency Cost

10% each of the sums of foreign currvency prices and local
curréncy pricés of construction costs have been assumed as

contingency. _ p

Division of ForeigniCurtenc} and Local Currency

The coustruction costs have been divided into the foreign currency

“portion and the local currency portion by the following rules,

{1} Foreign Curreﬁcy Portion

(1) Materials and equipments used in transmission, substa-
tion, distributlion and telecommunication facilities.
(11) Prelght and insuraace premium.

(11i) Cost incurred by having manufacturers' technicians for
L ihstallation and adjustment of equipments used in
subétaﬂibns, distribution control facilities and tele-

communication systems.

11.-3 -



(iv) “Engineering fees,
(2) Local Currency Portion

(1) Contracted construction costs 1n Paraguay of
Lransmission, substation, dtstribution and telecom-

munication facilities.

(1i1) Gravéls, sand; cement and dthéf méterialé to be pro-

cured in Paraguay for construction works. -

{1i1i) Architectural construction costs of Distribution

Control Center and new substations.

1l -4
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.GHAPTER 12 ECONOMIC EVALUATION

12,1 Methodology of_EValuation-'

fﬁThe following cost and benefit elements have been estimated in eva-
1uating the economy of thls power dlstribution system improvement

 project.

In the'evaluatioe,dthe_econom{e lnternsl rate of return (EIRR) by
-which the'totei cost [C]'and the total benefit {B] become equal has
been calculated and ‘at.the same .time ‘the - surplus benef it "(B-C) and
the benefit to cost ratio (B/C) have also been ealculated as the

 bases of overall_judgment.
' Cost: " a) Total project investment.
1"b).bperating and maintenance costs of completed facilities,

Benefit: a)_TheVincrementsl.electrlc:energy which 1s made available

to the customers by this Project.

b) The reduction ih_the'electric energy lost by power
supplyffailuree;which”is eXpeotedcto be -brought about'by
-this Project. ' '

hc) The reduetion of operating/malntenance costs which is

' expected to be brought ahout by thls Project.

*ln:additionfto—the'above elements; it is expected that benefits will
‘beﬁhrought-ahout”byfthisuProject_such as reduction in ‘failures and

. demsges'in"electrical'equipments of-customcrs due'to‘impr0vement of
voltage and frequency fluctuations, reduction of inconveuniences of
-the customers due to. reduced supply failures, and the improvement of

:,supply reliability in hroader sense.: However,_as these factors are

'.difficult to quantify, they have not  been included in the economic

wevaluat1on.

.__Benefit_codld have_been also”eusluated'by comparing the cost of this
fProject with the cost of:alternative supply provided by hypothetical
1diese1'power plants. However, {his method is not suitable in this

case for the following reasons.

12 - 1.



12.2

(a)

(b)

(¢}

A large power supbly sources are-already-developed and avallable,

Transmission lines having sufficient capacity exist te supply

power to the Project Area.

As the power supply requirement 1g expected to grow by more than o

450 MW until 2000, it 1s not 10gica1 to assume alternative
diesel plants which unit capacity is only around 15 MH.

Basic Assumptions/Conditions

The calculations in the cconomic evaluation were performed based on -

the following assumptlons and conditions.

(D

(2)

(3)

(4)

Total Project Investment

The total project investment was calculated as the construction

cost of the Project excludingithe interests_during'ccnstruction

and import taxes. The total constructicn cost has been added up .

on the 1989 price base.

Foreign Currency Exchangc Rcte

It was assumed that 1 US$ = _1_,200 guaranis
Operation and Maintenance Costs

The operatlon.and mdintenancc'costs ﬁeré aSsumcd to be 4% of the
total investment after 2001 when all facilities ate completed.
They were assumed to be 4% of the total cumulatlve investment
committed until the preceding year for the period from 1995 to

2000 when some facilitles are under construction.
Period of Calculation.

The amortization period of major power facllities is set forth _

by the financial standard of ANDE as below.

12 - 2
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i2.3 Cost

i2.3.1

12.3.2

(35).

Transmission line - -+ 30 years
Substation equipment + 30 years

Distribution transformer : 25 years

The amortization perlod for this Pfojéct was calculated by
averaging the above values using welghing factors for
transmissibn, subshation and dlstributioﬂ_facilttlés which are
proportional to the relative'weight of each sector in the total

investment. THE'cal¢u1ated amortization perlod was 27 YEArS,

Considering that the facilities to be constructed under this
Project wilil be completed'one by one from'1994 to 2000 the
period of calculation for the cconomic evaluation was set from
the middle point of the construction: period (£rom 1993 to 2000),
that is, 1997, ﬁor 27 years, or until 2023.

Discouat Rate

The discount rate was selected at 12% per annum hased on a

discussion With ANDE.

Total Project Tnvestment

The total construction cost, which was added up in Chapter 11, was

regarded as the total: investment of this Project. The yearly

investment is presented. in Table 12-1.

Operation/Maintenance.Cqsts:

The annual values of operatlon/maintenance costs of this Project,

as calculated by'tﬁe-éésumpticn.in Péragraph 12.2(3), are presented
la Table 12-1.. - . a
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12.4rfBenefit-

12.4;1 4Va1ue of Incremenral Electric Energy Mede Available to Customers
' _by This Project

iﬂThe existlng distribution network facilities in the Project Area
:will not be able to meet the powe1 demand in the area in 1992 and
;thereafter 1F the marginal supply capacity required to’ “deal with
-1arge syetem failures are taken into account. (The existing faci-
Jlities can supply the demand in 1991 and thereafter only if there

ie o emetgency situation such as equipment failure.)

B Therefore, the torticﬁ'of the energy demaed;exceeding'thé limit
_which can be ‘met by the facilities existing in 1991 will not be met
“after 1995, 1f the new facilities under this Project do not start

service in 1994, "“This is iiluetrated in the figuve below.

" Enérgy Consumption (KWh)
S P (Besed on Demand_Projection)

Facility Cdpacity

Energy Coesumptlcn in 2000 (KWh)
(Based on Demand Projection)

Energy Consumptlon that
can be by Facilities
Existing in 1991

1991 07 1995 T teiiaggg Gt ggg3

(Part,of_Facilities)_:,_(Fecilities)_. (End of Amortlzatlon )-

" \Starting Service Completed Period

12 -5



12.4.2

Therefore, the sum of the energy counsumption (as éstimated by the -

demand projection) that exceeds the amount of 1991 (as estimated by

‘the demand projection), for the period startihg.ffbmri995, when a

part of facilities under this project is complété&; to 2023, when
the amortization of facilities under ﬁhis Project ends, can be
regarded as the lucremental eIectfic energy ﬁhat is made.available '
to the customers by this Project (the hatched area in_the'above

figure).

The benefit of this project was calchlatéd by multiplying this
incremental energy supply with the electricity tariff, which will

be discussed later,

This tacremental energy supply of each year is given in Table 12-2.

Value of Electric Energy Made Available by This Project Through
Reduction in Supply Failures

The energy being lost by supply fallures can be reduced when the
distribution system reiiability improvement plan, proposed by the
JICA Study Team as ltems (1) through (3) below (Refer to-Section.
8.6, Chapter 9, and Section 10.3.1) is implemented.

(1) As automatic switcheé are intgodqced into 23 kV feeders, the
areas affected by supply failure afe.reduqed,fand'

corresponding Iincrease-in tariff revenue 1is expected.

(2) As SCADA System supported by computer and the mobile radio
system are introduced into_the'Distributioh Control Center,
the mobllization ar-maintenance persqnnel"in 23'kV_linQ faults
is speeded up and the time feqﬁifed for recovery is reduced,

with corresponding increase in tariff revenue.

(3) As insulated conductors are Iintroduced into medLum and low
voltage lines, supply failures caused by tree contacts are -

reduéed, with corresponding increase in tariff revenue.

However, as the magnitude of benefits brought about bysthéSe fac-
tors is very small as compared with the incremental energy supply

discugsed in the previous section, these benefits are not counted

. in this economic evaluation.
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Table 12-2 Increased Energy which will be Available
by this Project

Year bwﬁh — :igél GWh Inéreased
(Forecast) - {Forecast) Energy (GWh)

1995 .| o 1,867.6 1,299.0 568.6
ST R '2,03i;7 1,299.0 o 732.7
1997 o 2,204.7 : 1,299.0 905, 7
1998 b 2,386.4 ' 1,299.0 1,087.4
1999 2,576.9 1,299.0 | 1,277.9
2000 2,776.3 1,299,0 1,477.3
{2000 - 2003 o 01,4773
Total : 40,027.5
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12.4.3

12.4.4

Reduction of Distribution System Operation/Maintenance Gosts to be
Brought About by Project

The operation/malntenance costs will be teduced by the reliability
improvement measures discussed in Section 12.4.2, as described

below.

(1) As faulted sections of 23 kV feeders can bé identifiéd?in'
supply failures, the recovery time can bé,reduced5=ﬁith

corresponding reduction in the number of maihtenance workers.

(2) The number of operating persounels can be reduced as néw_
Central Dispatching Center and the Distribution Dispatching '

- Center dare completed.,

As the benefit related to these factors are very swall as compared
to lncremental energy supply, these factors are also neglected in

economic evaluation. -

Unit Price for Electric Energy Benefit

Unlike a power generétion project, no alternative plan can be

defined in evaluating a distribution facility plan.

Therefore, we judged it is appropriate to use the eleetricity
tariff rate as the reference of bemefit in évaluating'this Project,
because the tariff of an electric company ié Calculated on cost
basis as an utility company should, and this canxbe regarded to

reflect the "willingness to pay" on the side of the customers%

As of the end of 1989, the average energy tariff of ANDE is 47.13
guaranl (refer to Section 3.4, Electric Tariff). The tariff rate
used in calculation of benefit was selected at 25.54 guarani based

on the following reasoning.

The electric tariff is calculated by adding the interest of
borrowed moﬁey and appropriate return of capital to the supply
cost. The éupply cost 1s the business cost itself, and it includes
operation/maintenance cost, capital depreciation and overhead
expenses in generation, transmission/suhstation, and distribﬁtion

gsectlons.

12 - 8
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12.4.5

In setting the unit price for evaluation of benefi{t in this econo~
mic evaluation, -it would be appropriate to-assess the percentage of
business cost belng incurred in transmission, substation and

distribution sections, which are involved in this Project, to the

total business cost of ANDE, aud then multiply the average tariff
rate of ANDE with this percehtage to obtain the unit price of bhene-
fit. ' '

The business ekpenSES of each sectlion was calculated based on the

1988 AnnﬁéllRéport of ANDE, Then the total depreciation of ANDE

~was: allotted to each section in proportion to the amount of fixed

assets in each section. The percentage of business cost of each

section was obtained by adding these two.

(Unit: WMillioan ¢)

Business o Allotted | -
: Fixed Assets | Deprecila~ Total .
Expense | o coon

Power Generation| 6,631 99,199(¢ 42%) | 3,912 10,543( 46%)

Transmission/ 4 PR
‘Substation 2,435 83,546( 35%) 3,260 5,695( 24%)
Distribution 4,811 55,877( 23%) 2,142 6,953( 30%)
Total 13,877 238,542(100%) 9,314 23,191(100%)

The above calculation indicates that transmission/substatfon and
distribution sections of ANDE accounts for 54% of the total busi-

ness cost.

Based on this, the value of 25.54 guarani/kWh to be used for this

economic evaluation has been caleculated as below,

47.31 guarani x 54% = 25.54 guaraoni

Benéfit in Each Year

_The benefit gained by this Project; ag obtained by multiplying the

incremental energy gained with the unit electriclty price calcu—

lated above, is presented in Table 12-3.
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Table 12-3 VBénpfit,bf'qhe'Prpjedt

Year

Increésed-EnetQY

Energy Price

_ Beﬂefitf_ ]t5

Million ¢

Thousand ' USS

1995
1996
1997
1998
1999
2000

2001 - 2023

(GWh)
5686

732.?

905. 7

1,087.4"

1,277.9

1,477.3

1,477.3

(¢/kbh)

25.54
25. 54
25;54__
25.54
25,54
25,54

25.54

14,522

18,713

23,132

27,772

32,638

37,730

37,730

12,101:7
15,594,3

19,276.3

1 23,143.5

27,198.0°
31,441,9

- 31,441,9

Total

40,027.5

1,022,297

© 851,919.4
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12.5 Results of Economic Evaluation

" The flow of benefit and cost of this Project is illustrated in Table

jThe economic internal rate of return (EIRR), the excess henefit (B-C)
“and the benefit to cost ratio (B/C) as obtained by these benefit and

cost are as below. '

MR ;14 9%
B~ C 25 236.3 thousand uss
B/fC ¢ 1_18

_ In judging the economic soundness of tnis Projécc, the JICA Study
Team notes that all of EIRR BvC aﬁd Bf¢ nalues_afe good, and this
Project is- economically feasible. - The true economic value of this
Project should be even higher 1f the social benef1ts to be brought
-about by this project, which are discussed in Section 12,1 but can
Aot be quantlfied, are taken into account. Therefore, it is judged

that this Progect should be implemented.

12.6 'g__éag;;w;;; 'A;;_i;;;; "
The.sensitivity anslysis of.this.Project has.bsen studled for the
'following two cases.. hj
(!):.When_the tota1 investmént increases by 10% (Table'12—5);
k?); Whenrthé disconnt rate'is 14% (Table'IZfG).

B "-C and B/C still exhibit favorable values and the Progect is eco-
nomicelly feasible even when the construction unit cost escslates and

the total investment on this Project r1ses by 10%.

-The disco nt rate for this evaluatlon has been set at 12/ based on a

discussion with ANDho: The above,indlces exhibits favorable values
feven when this 18 assumed to be 14%. This indicate that the Project
: has sufflcient margin in terms of discount rate which reflect ‘the

opportunity cost of capitai.
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13,1

CHAPTER 13 ° FINANCTAL ANALYSIS

Analyt{cai.Methodology

The ftnanctal analysis of ‘this Project has been conducted by the

SO

-methodology described below.

Geleeletiqn:of_nebt-Serqice Ratio

4Geﬁefally'epeekiﬁg,uthe'foliowing two'indices'are used to eva-
nluate the financial value of a. Project that to be implemented by

as corporatlon.

'u 4 Rateﬁef kééurﬁ

(2)

Thls is the ratio of the business revenue to the net operating
assets, The 1nterests on borrowed money is paid by out of

: thie'peyenue,_enq the_pemaining money is the net profit.

. e;DebE_éervice'Retioti

The ratiqaef eﬁe'c60perate internal financing,.whieh is busi-
" ness profit'ﬁlue_depreciation; to the reimbursemen; plus

interest of borrowed money.

In our aealyeie;ﬁehe;debt'seeViee ratio among the two indices

-._abovelhesjbeeu;eeop;ed. .To calculate this value, the

following thfee.works were required.

(a) Development of reimbursement plan

':(b) Development of profit and loss statement

) f(c) Caeh flow analysis
' 'Celculafien' of"F{n_eﬁ_ciel: Internal Rate of Return (FIRR)

The fiuanciai'intefnal rate of retufu bj which the yearly sums

of costs and revenues are equal (the financial internal rate of

' return), has been calculated and this value has been compared

with the opportuuity cost-of_capital.
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13,2 Premises

This financial analysis has been conducted by the following basic

conditions.
(1) Capital Procurement Cost
(a) Toreign Currency S e e T @

An interest rate of 7% per annum. The prindipal

and interest to be uniformly reimbursed for 20 years.

(7% interest rate was adopted here reflecting the cucrent
interest rate level for financing by intérﬁational'flnan—
cial {nstitutions for development such as'World Bank, 108
and ADB.) - :

{(b) Local Cﬁrrency

An interest rate of 35% per annum on 50% of the construc—
tion cost to be provided by local currency. The principal

and interest to be ﬁniformly reimbursed for 10 years.

13.3 Construction Costs

13.4

The construction cost of this Project as counted on foreign_currency'
and local currency for each year of the Project, as well as the

interests during comstruction, are presented in Table'13-1.

Depreciation

The depreciétion has.ﬁeen;éalcﬁiéted on the_fixéd perﬁentage dimi-

nishing value plan épplied for 27.§eafs on theltbtal:iﬁvéstment'plus

interest during chstruction of 222,485;8-thpusand,US$ with- the resi- . ]
dual value rate of 10%. | - o ) ' %g%
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13.5 . Electricity Sales Revenue

An incremental salés revenue has been”estimﬁted'fér_tﬁé_whble incre-

mental kWh that has been Calcuiated.ih the éconoumic evéiuéﬁion.
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13,6 Financial Analysis -

. 13.6!}.

13.6.2

Debt Service Ratio

(1)

(2)

Theéreimbursement piae, the profit and loss statement and the
cash flow are presented in Table 13-2, 13-3 and 13-4 respec—
tively. It has been assumed that the interest during

‘construction presented in Table 13~1 s included in the

construction cost which is the besis of the borrowed money,

and this account is recovered as a part of depreciationq

_Debt Service Ratio

The caléulated debt service ratio 1is presented in Table 13-5.

The debt'setﬁice ratio of the 20 jears is 1.31, which is not
very “high as ‘the index to represent the profitability of a
project but this can be regarded as an aceeptable value for a
project of low profitability such as improvement of power

distribution systems.

In this analyeis, an interest rate of 35% per annum, which is
a value representing ‘the current financial circumstance in
Paraguay, has been assumed Tnis high interest rate substan-

tially reduces the profitability of ths PrOJect.

. Therefore, it is very important in maintaining a high profita-

bility'pf this project to procure the local currency capital,

as well as the foreign currency capital, at low costs.

Financial Internal Rate of Return (FIRR)

The flows of expenditures and revenues of this Project is as pre-
sented iniTable 13-6, and the FIRR is estimated at 10.7%.
Based on_tﬁis.estimation;.it-can be concluded that this project is

financially sound,
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