-Ratio to Average

Fig. A~3 Standard Weekday Load Curve in_East Java System
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iv) to compare this load curve with the given system load

curve and revise every assumed curves in order to

decrease the differences at each hour under the condition

that each daily sold energy should be fixed.

is required as the next procedure.

An example of this procedure is illustrated on Supplement B.

The results of this approach are shown on ¥Fig. A-4; and

the final result is highly precise as shown on Fig. A-5(3).

Hereby, the following demand conversion factors which contain

no losses should be applicable at the middle of 1983/84

(September).
for Weekday Average
for Contract kVA Demand
14 hours 19 hours . 14 hbﬁrs 19 hours
(0.1819) (0.4010) (0.7153) (1.5768)
Residential Q,1200 0.3800 0.4720 1.4940
(0.2806)  (0.2639)  (1.3915)  (1.3096)
Commercial/Public 0.2000 0.2800 1.0410 1.4580
Light Industry 08,2100 0.1300 1.5650 0.9690
(1L + 12)
Heavy Industry 0.3250 0.2850 1.3340 1.1700
(13)
Heavy Industry 0.60006 0.6000 1.0000 1.0000

(14)

(3) Future Transfiguratioun of Load Curves

In the remote future, for instance, Dec. 2004, the follQWing

changes of electric uses will traﬁsfigure the residential or

commefcial/public use load curves.
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supplement: B Illustration for Decision Process of Standard Load'Curvés by

Use

Table A-3(1)~(3) and Fig. A-5(1)~(3) are prepared for illust-
ration ; they show the iterative approachiﬁg aspect over three
{3) stages. |

After prepared Table A-2., the ratios of weekday average
demand to contract kVA can be determined for each use category.

Hereafter, we will call them "Load factor to contract capacity"

Approach'Procedure

1) Assume trial load curves for each use categor?, S0 as:to
each one has the daily quantitj vhich equals twenty-four
(24) times of load factor to contract kVA. _

2y Convert this load cwrves into MW base by means of multplying
contract capacity of each use categofy,

3) Obtain a tentative weekday load curve by aggregating fhose
MW for every categories, and normalize it on the'avérage
value, _ 7 . -_

4) Compare this curve with the normalized standard weekdéy.load
curve which are obtained in a manner described in the fore-
going paragraph and shown on Fig.A-3; alter every tentatively
estimated load curves so as to the aggregated.curve approa-
ches to the standard curve mentioned.

5) Repeat the steps from 2) to 4) until the diference mentioned

above reaches negligible one,

As for the concrete method, refer Table A-3-(1)~(3) and Fig, A-
5(1)~(3). - ' '
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Table. A-3(1) Approach to Standard Load Curves by Use

Residential| Comm/Fub | 14127 ~ 13 | .14 Totral MW| System
"% per % per | % per % per - % per - | [ % per LCA{ %
contract/MW | contract /MW | contract/MW corltract/M\f\r contract/MW ave. per ave.
1 0 /9584 16  / 2601 8 ! 77.69 15 /3083 | 49 /4616 {206.53/ 88.2 97
2 wfow v/ v | 6 /571 Jozel| «/ o |19639 839 97
3 nf oy w] s w /] w a) w 196.39/_ 83.9 97
4 R RUREE 1 [ |t ” v/ v |194.66/ 8.2 96
5 wf w5 Josol| w f u " /. v | wf ow 196.39/ 839 99
& % /7087 M JuB) [ o~ o f '__,, /o 178_.679/_7 6.4 95
7 21 /6709 15 /os0r) 1z /1183 19 /3005 v/« 1898y 811 83
8 1'8.4'/ 58.78 | 19 '. J 3295| 17 '/ 16.34| 29 ‘/ 59.61 _59' / 55.58 223_'.26/ 95,4_ 88
9" 190 /6070| 18 /32| 19 /1826| 32 /6578 | W0 / 6584 2&1‘.89/103.4, 9 3 
10 ” / .rl-' : P / " [ o= " / T ” / .._.-z “ / ” 92
il w ] w vof e w ) v vy ow wf w o 92
12 v foon w'f # | 18 [1730| 30 / 6167 687 / 64.72 | 235.60/100.6 85
13 v ) uf » | 19 /1826| 32 /e578| 61 / 60.20]|236.24/100.9 91
14 o) v ) ow vy o Cw e b0 /6594 211.89/1034 92
15 v} 1 . / w ] » v/ n | 69 /6500 246.95/103.0 89
16 w | » w /o | 18 /1730] 81 / 63.72 w | w 237.93/101.7__ 88
17 B [ 7348 % /39,35 1 /1634 30 Jewer| #/ # |956.3/1005 90
18 » /10229; 20 /5029 16; /1538 206 /60.84| 64 /60.|2.051235 126
10 | 33 /icaz| 28 /asss| 12 /1153| 2 /5061| 50 / 5558 280.69/1199 127
20 vy o w v] u wf | wf v/ | 28069/119.9 127
21 32 f10223) # [ e | m fwiss| 0/ o |omsayinng 123
22 | 3 /9003 B /088 «/ » | % /ssm| v/ » |25946/1109 117
23 30 /'95.8; o [/ 3468| /[ v | 23 /4728 o f # .244.91[164.6 108
24 RN .16 I3 27':'15 S w e 19/ 3905 w [ .225;_75/'_98.2_ 99
otal  [610.4/195008] 4610 /790.37 | 3220 /30947 45/120166| 140,771,351 5(513;'%?;0) 2400
contract MVA (31946) | (17341) | (9610) __(20'5.55)' " (9420) '
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Table. A-3(2) Approach to Standard Load Curves by Use

| Residential | Comm /Pub | 11 +12 L3 14 | Total MW Systém
% per "% per % per % pex % per / % per L.CH{ %
contract/MW | contract/MW | contract/MW |contract/MW contract /MW ave, per ave.)
1 35 /1118 | 15 /2601 8 / 769| 16 / 8280 .60 / 56.52 | 234.91/1004 97
2 / v v/ | 6 /577|134 f2s| 0/ o+ |zored w3 97
3 v ] vf o | wfow | o v ) w |22164/ 7.3 97
:4 v FA _—-14 /2428) o« [ # : w | w [ @ 2'_;’:;91/ 96.5 96
5 wfow 718 S %01 w f a [ w w [ o |22164 973 90
6 28. /8945 | 4 /242 o/ P o #.f » |20356/ 870 95
7 21 /6109 15 /2'6;03 12 / 1153 19 /3905] W/ e -200.2'/85.-5_' 83 .
8 174 / 5559 | 19/ 3205 1’7:'/ 1631 28. /5755 «/ » |2180/ 936 58
9 12 /38| 18 /ma| 19 /1826| 31 Jes;z| - ) « |2081/ 889 ,b 3
10 v f # v fow A w f.oon ”; ” » /o# g2
11 N A Y A B A A B S 92
12 v) YR s 71730 2 /591;1 59.7 / 56.24 202.7/86.6 85
13 wf o /v |19 /18| 31/ 6372) 60 /5652 (2081 /889 91
14 / , w) v | v [ o v f wf v | om] o 92
15 nfow wf v n fo “f A 89
is i » wf w 8/ 17._36_ 30' /61er| « [ i 5.0 /la’T.ﬁd 88
17 B/ 71345| 23 /3988| 17/ 1834 2.6 /6084 ~ / ~ |247.0 /1056 99
. 1:3 35 /Leo| 20 /50| 16 /1538 28 /5785| 4 / v |2015 /1246 126
19 - | % /_'i.-1_8.2' 28 /4855| 12 /11| /[ vl wf w2924 /1249 127
ﬁ'éﬂ _”'/.”- A v v | ) v f o v f ow 127
21 © o las pIse | v / v/ v fon wf o | 2892 /123.6 123
'22__ 35 /11182 23 /3088 o foro | ® /';5344' » /[ » |Z32 /116.%_ 117
28 | o/ v |2 fu@| s/ 0 | B | o/ 4 2618 /1119 | 108
24 vp w6 Jaas| o« ] o 19 /-39.05 »/ v | 2467 f1054 99
ftota-l 6104/1940.9 1610 /790,57 | 320 /30047 | 5846/1,2016 |1,4.7/1,3%6.20 5(6;7;’2/3;(2; 2400
contract MVA| (319.46) | (17341) | (9610) | (20555) | (9420) f
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Table. A-3(3) Approach to Standard Load Curves by Use

Resident ial| Comm/Pub 11412 I3 14 Total MW| System
% per % per . % per % per: b % per / % per LC.( %
contract/MW | contract /MW | contract/MW | cantract /MW | contract/MW ave. per ave.)
1 35 /Ans) 15 /@01 6 / 577 13 /2672 60 / 5652 22683/ 96.9 97
. " - - ——-—-—-—-w—--—]
2 ” / " 7 / »” ” / " II. / ” ” / " ” / " a7
3 w | ow v [ w w f o n v f w . " /o " / =y 97
4 v f e {114 f2428) 4 [ # w [ w w [/ » 122510/ 9.2 9 6
5 - | 36 /usot| o~/ 7 / 63 14 /e8wl -/ #2339 988 a9
6 32 /102237 15 / 2601 8 [/ 7.6%] 15. /3083 v | v 238/ 9541 | 95
7 ‘20 /68| w#/ » | w /7 961 10 /30w]| ~/ » |10508/8336| 83
8 144 /4600 18 ./ 31.21] 17 /[ 1634) 27 /5550 #/ « .| 2557 87.8 88
9 12 /383¢| 20 / 3468] 21 /2018] 33 /e8| ~ [/ « |217.%/930 93
10 v w 19 / 32.95 w f n L_” /o w f e 121682/ 9.2 92
il # /-» u/ ”- : Ii/ » v fow ”"/ » # / "’ 92
12 v f o 118 f 31,3I 18 /1730] 27 /5550 | 507 / 66.24 | 19859 849 85
13 #w [/ o# |19 [/329) 20 /19.22{ 32 /6578| 60 /5652 |21281/ 909 91
14 v [ # o/ 3468] 21 7 2018| 325 / 6680 w [ w0 216,52 925 92
L - 0 : :
15 w [ w 18 /321t 19 /18260 31 /e32{ ~ / » |2080% 889 89
L T : j
16 w f v | ow f w118 J1730) 3 /J6167| + } » 120504/ 878 88
____,;_N_P__J,_ﬁ_ - - SR S —
17, 19 /6070 23 /3388 ‘16 /15.3| 286/ 5879 w f/ #  |231.27/ 988 99
18 3 /11501 |29 /5029 -~/ ~ | 25/5888| »/ « |2578/1264 . 126
—— —— rﬁ "|— I - : ]
19 38 /12139 | 28 /48551 13 /1249 » [ » # [ n | 297531271 127
20 v [ w wf w2 fuS| s f s | W v |2eStfi%6n | 127
21 36 /11501 [ ou w f » 21 /5550 ) » /v |esriiimd 123"
22 35 /1182| 23 /3988| # / » | 2% [/5344| « [/ » |237.09/1167 117
23 w f n 15 /201 106 / 961 24 /4933 » / » |25329/1082 | 108
.24 v f vl 6 / B577( 15 /08| ~/ » |23095 987 99
total (6104 /,90.06] 4610 /70038 | 3220 /30947 |5816 A2 |1AD.YLIED 5.((31265,:):1‘_.1/3,3’929.)8 2,400
contractKVA | (31946) | (17341) | (9610) | (20555) | (9420)
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Table. A-4(1) Residential Load Curve. in Summer

.‘[Present Staths'in:a_Developed Country for Reference ]

to Forecast Future Status in East Java

Developed Country | oot ava | faiving of Fast Java
Sl ‘ . .1983/84 & Developed Country
A time | % to ave. | % to aves | - % to ave, % to-ave. 4 to contract |-
“ | (integrated)|. (indicated) | - (do) - (do) . {(do)

1 79.6 | 7.7 | 137.61 104.66 | 26.62
2 63.6 | 60.4 w9901 25,18
3 s7.2 | s7.25 Con | 97.43 2% .78
4 57.3 58.6 w0 e | 26095
5 59.9 . 59.4 141.55 100.48 25.56
6 58.9 - 67.3 .125.82 | 96,56 2456
7 75.7 | - 82.7 . 78.64 ©o80.67 | 20.52
8 89.7 |  86.95 56,62 71.79 18.26
9 84.2 | 83.95 4718 | 65.57 | 16.68
10 83.7 | 8.4 65,79 16.73.
a1 85.1 | = 88.7 " 67.94 17.28
i2 97.3 | 101,15 | o 74.17 18.86
13 110:0 | 105.5° | " 76034 | 19.42
14 101.0 | 97.7 e | 7286 | 18.42

15 9.4 04.0 IR 1 709 | 17,95
16 93.6 |  93.0 " 70.09 17.83
17 92.4 | 104.6 7470 | 80.66 | 22.80
18 116.8 |  136.65 141.55 139.1 35.38
19 156.5 | 166.55 | 14941 | 157008 | 40.18
20 176.6 | 177.75 oo 163.58 | *41.60
21 178.9 | 175.95 141.55 .~ 158.75 . 40.38
22 173.0 .|  150.65 137.61 14413 | 36.66
23 | 128.3 9.7 | w 1123.66 3145
24 | 911 | . 85.45 L 111,53 | 28.37

# This percentage to cOﬁtract'kVﬁ_is”calculated_qn.the suppositigh that it '
is in invérse:propbrtion to the load factor. Némely,'38%x163.58/149.41=
. 41.6%. a | | |
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Table. A~4(2) Commercial/Public Load Curve in Summer

[Present Status in a Developed Country for Reference to]

Forecast Future Status in Bast Java

Bast. Java

Hélving of TEast Java

Developed Country 1983/84 . & Developed country - -
Fime % to ave. % to ave. 7 to ave. | % to ave. Z to contract
(integrated) | (indicated) (do) (do) {do) -
1 36.1 36.0 78.09 57.0 11.51
2 35.9 36,7 n 56.35 11.38
3 33.5 33.05 n 55.57 11.22
4 32.6 32.55 72.89 52.22 10,54
5 32.5 32.45 n 52,67 10.64
6 32.4 35.65 178.09 56.87 11.48
7. 38.9 49,15 L 63.62 12.85
8 59.4  82.55 93.71 88.13 17.80
9 105.7 129.1 104.12 116.61 23,55
12 152.5 159.5 98,92 129,21 ' 26.09
11 166.5 168.9 L 1133.91 27.04
12 171.3 170.5 93.71 132.11 26.68
13 169, 7 173,25 98,92 136,09 27 .48
14 176.8 176,65 104,12 140,39 28.35
15 176.5 176.5 93.71 135.11 27.28
16 - L 173.7 X 133,71 27.00
17 170.9 159,7 119.74 139,72 28,21
18 148.5 136.25 150.98 143,62 %2900
19 124.0 115.0 145.77 130.39 26.33
20 106.0 96.35 e 121,06 2444
21 86.7 78.35 " ' 112.06 22,63
22 70.0 61.6 119.74 90,67 18,31
23 53.2 48.55 78.09 ' 63.32 12.79
24 43.9 40,0 "o 59,05 11.92°
% Present value in East Java is applied. '
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Domestic Uses

Various uses other than minimum lighting, including television,
refrigerator, cooking and air conditioning will grow vemark-
ably; so it will bring more higher demand which accompanies

people's activity and make the share in midnight'lowered.

Commercial Uses

The “demand for office building should be expected to make
remarkable growth; s0 it will bring higher demand in the
'working hours of offices, consequently the share in the otber

hohfs'will.be'lowered.

The load curveé for residéntial'or'cdmﬁerciallpﬁblic uses

in Dec, 2004 shbwn on Fig. A-4 uéing broken lines are cobtained
by halving ‘present stétqées'for East.Jéva and for KEPCO in -~
-Japan'in"éﬁmmer;;(Réfer Table A44(1),(2)) :

Consequently, those demand conversion factors at Dec. 2004
“which contain no- losses should be changed into the values
which giveﬁ in parertheses on the table mentioned.

For all of thé otHer future time points, simple interpolation

have been applied.
(4) Formulation of Distribution Loss Rate for Every Cabangs

According to PIN's dataﬂand'targetsrof distribution line loss

" rate which obtained by the following expression,

. _._ _Esub - Ecus g
loss rate = ——“fiigﬁ;——“f“ _100_ (%)

where Esub: energy sent out of substations

Ecus: energy suppllied to customers,

A~ 39



)

it in general decreases monotonously year by year ™ and
approaches a final saturation value ten (10.0) percent.

(Refer Table A-5)

A trend curve which called "modified exponential curve" and
expressed by the formula shown on Table A-6 is adequate to

express such trend.

Note 1) As a particular case, in Cabéng'Baﬁyuwangi_mostcﬁ?whose

customers are supplied by tariff §1 at present, it

is considered that the loss rate will increase year

by year and will infinitely approach to ten (10.0)
percent; because many S1 customers whose consumption
time in a month is calculated but any measurement

80 long as five hundred (500) hours per month because
of without meters.

This estimation results too muhh_aﬁparent_energy

gsales and too 1ess'loss_evaluationrthat is 8.317%,
1983/84, ,
' On the other hand, the increase of number of customers
“with meter will lead to decrease'of such an

error; as the results the apparent loss rate will

increase year by year in such a case.

The coefficients of the modified expenential functions which
obtained by means of regressive analysis for each Cabang are

shown on Table A-6.

These formulas are used when convert each demand into the

one at substation.
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Table. A-6 Distribution Loss Formulas for Each Cébahg

Gossrate)==K+S*(exp A)Y¥(exp B)#*t [%];
where k=10.0 7
S=-1 for Cabang Banyuwangi
§=1+1 for all of the other Cabangs . .

t is expressed by dominical years considered t = 0.0 in

Dec . 1900.

The values of exp A and exp B are determined by applying regressive
‘analysis to the data of PLN for each Cabang. Those results obtained are

shown on the following table.

Constant . - :

Cabang : K _ S A - B

Surabaya Utara 10.0 51 27.06162 | ~0.3040436
Surabaya Selatan 10.0 | #1 | 31.00065 | -0.3443655
Bojonegoro | 10,0 v 1 49.48337 -0.5582369
Malang 10.0 + 1 32.17167 | -0.3579769
Pasuruan T_ 10,0 + 1 34.25163 0.3815969
Kediri 10.0 +1 | 28.06051 _0.3116261
Mojokerto 10.0 +1 27.57348 | ~0.3064051
Madiun 10.0 1 29.14473 ~0.3285625
Jember 10.0 41 27.47745 | <0.3091248
Banynwangi 10.0 -1 61.03855 . :~0,73076867
Situbondo 10.0 +1 2425191 | -0.2680974

SR T A

Pamekasan 10.0 + 1 59.77571 | ~0.7241021
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Ab

Demand Forecast for Each Substation

Ia”EastiJava; each Cabangais divided.into teﬁ(iO) and less zones, and

those locations are roughly shewn on Table A~7.

If the demand at a spec1f1ed time is forecasted foi every zones by

means of the procedure mentioned in the preceedlng paragraph rhe-
demand at a substation conld be forecasLed by Comblnlng these ones
for all zones which fed from this substatlon.

The present supply areas of each substation in East Java have becn

estimated as a set of zones mentioned above with reference Lo maps whlch

roughly show the locations of every substations and distribution

-1lines and to the latest actual load of each Substation and so en..

Further, for a zone which seems to be fed by several substations, :
the supply area has been set up as a'combinatioh of one tenth of a
zone, | _ _ . N ‘
Next, considering the yearly increasing feature of the demaad ef:each
substation, alterations of supply area have been planned yearly so as
to transfer demand from heavy loaded subetatiens to hewly_installed

or light loaded subatations. These eontents_are shown on Table A-8.
(1) Computerized Caiculation

Basing on.the method mentioned in the_preceeding paragraph, we
have developed a computer program inclading vast itterafive
calculatiqns.of trend analysis and executed a series of compu-~
terized calculation whieh use a 1afge sized computer, :
A part of the many outcomes obtained wilil be descrlbed as an

extractlon. .
a. Demand Conversion Factors.

Table A-9 shows the: demand conversion factors which arelmﬁd

to convert contract kVA or weekday average demand 1nt0 peak

demand by year, by use category and by time (nlneteen hours
“or fourteen hours) ' ‘

The meanlngs ‘of flgures in the colunns of M, K, L are as

3 £01lows'
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Table. A-7 Major Towns Included in Each Zone

3

Cabang

zone code - Major Towns/Villages

Surabaya

" Genteng
Bubﬁtan,'Tandes
Pabean, .Cantian
Semampir, Simokerto, Tambaksari
Sukelilo
Gresik, Bungoh

Krembangan

Surabaya

Selatan

Krian, Wonoayu, Wringinanom

Sawahan, Tegalsari

Wonokromo, Wonocolo
Gubeng

Rungkut, Waru
Taman .

takor

Sidoarjo, Tanggulangin, Krembung

‘Menganti, Kademean, Driyorejo,'Karangpilang

Bo jonegoro

Bo jonegoro

Tuban, Semandiﬁg; Tasikmadu
Lamongan, Babad
Tuban

Malang

North-East Part of Malang City
East "
North "
North-West "
South . "

West

Singosari,,Tumpang,_ancékusumo

i T e I T T S e e o B e T e e B e I TR <= B v B o B e R o T o)

oW W D U B WM N L B W N |~ W — Ol B W R e

Turen, Dampit, Sukorejo, Ngantang

Lawang, Bedali, Bululawang, Batu, Selekta

A - 44



(2/%)

Cabang - zonq:che B "~ Major Towﬁs!Villages

o Pasﬁrﬁan, Plered

1 - Probolingo, Leces
quksaan; Pajarakan
Pasuruan Bangil, Beji
Pandaan
Tretes

Porong, Gempél;

Trenggalek, Pogalan
South Part of Kediri City
East " V
West = "

North - - "

T L= - N, I N S

Kediri _ e
Blitar,_Sanankulon;

Tﬁlungagﬂngi Karangre jo, Gandekan

Nganjuk, Befbek,,Locerét, Sidokare, Sukomero
KertoSoﬁo' ' | B

Pare;*Kaﬁdangah'.

South Part’ of Mojokerto City -
“North L _n. o
BéngSal,'Déilangn, Pacet
Mojokerto Jombang, Peterqnggn, ?iwék
, Ngoro, Kandangan
Ploso;'Sentul; Témbeiang
Mojosari, Wonokusumo, Sidorejo

Mo josari -

.Caruban, Béncbng

Ndrth Part of Madiun City

East "

_ South "

'Maaiun. Vest T :

' * Dolopa, Ponorogo, Sarangan
Magetan, Sarangan, Plaosan

'Ngawi, Géneﬁg, Paron

Maospati, Tebon

Two © ~w & ;b WP = D~ D WL Wl —~\O 0~ 3O

Pacitan, Kebdnagnng.
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(3/3)

Cabang

Jember

zone

code

Major Towns/Villagés

Jember City
Lumajéng, Sukodono
Bondowoso, Wonosari
Kalisat
Kalisat

Jember City

Banyuwangi

Banyuwangi City

It
Rogojampi, Kabat, Singdjuruh
Genteng ' '

Muncar

Situbondo

R R T e e T T e I e e e B o R
o T N R TS B B« N - B B I T I

Situbondo City

‘Panarukan

" Besuki

Asembagus

Pamekasan

—

e e = e T N o T P e R
OO0 s~ Sy W N

<

Kamal, Ambunten, Sepulu, Waru, Batu Marmer,.
Tanjung Bumi, Banyu Atas, Sapudi, Omben,Kwanyar

Pamekasan City _

Gading, Guluk-Guluk, Sumenep
Sampang .

Bangkalan

Ketapang

Pasongsongan

Modung, Blega

Pakong

Prenduan
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column M 1 contract capacity

e

weekday averape demand
column K : residential

: commercial/publc

: industry'(de Volt,)

¢+ industry (Medium Volt.)
: indastry (High Volt.)

column L : fourteen (14)'h0urs on a weekday

R S R S S Y

: nineteen (19) hours on a Weekday
Distribution Loss Rate

The distributon loss rates by year, by Cabang are shown on
Table A-10.
The figures at the first column of the table mean the

following Cabangs;

1 : Surabaya Utara 2 : Surabaya Selatan
3 : Bojonégoro 4 1 Malang -
5 : Pasuruan 6 g Kediri.

7 ¢+ Mojokerto 8 ! Madiun

9 : Jember 10 : Banyuwangi

11 : Situbondo 12 : Pamekasan

Editing of Input Data

In accordance with various purposes, it is easily'possible‘

to edit the input data'mentioﬁedro:.éome files'of_output ;o
here, the results edited the historical input data by Cabang -
by category will be illustrated for Cabang 1 to 3 on Table |
4-11 as an example.

Begides, various historical statistics are available hazmsetﬁé-
number of customers are also stored monthly. (Refer_"RegiQnalf '

Load Forecast Programming" mentioned)
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{2)

(3)

Establishment of Target Data.

Based upon the manner described in the preceding paragraph, the

following tables were obtained.

As for residential and commercial/public uses, the multipliers
which obtélnéd as the ratios of connected capacities at March
in 1989, 1994 and 2004 divided by the one at Mar.1983 were applled

for each Cabang.

As for industrial uses, the trend analysis including soﬁe control
technique was applied:tq the total'connected capacitiés of 11,12
and I3 by each Cabang at the first pléce. Theh'the_reshlts'were
divided into small industries(I1412) and medium industries(IB)"
under some adequate estimation concerning the component ratios
of I3, And further, using the forecasted total energy sales

shown on.the table and the developed forecast by Cabang, the
connected capacity of I4 was forecasted by Cabang.

The further mentions will be given in the item(3).

Fofecasting Peak Hours Femand by Substations in a Time Series
The demand bf each substation at the weekday peak hours which was
obtained as a final output are shown on the Table.A-12(1)~ (14)

in the form of time serles.

Demand Forecasted by Substation at Nineteen (19) Hours in Mar.1994,
1999,2004 '

 As for mentioned above, the results extracted from Table A-12(1)~(14)

are shown on Table.A-13(1)~(6) together with forecasted demand of

_big customers which supplied by 70 KV or 150 kV.

Demand Forecast for High.Vo1tage Big Customers

As for annual energy salés'for big customers so called 14 are

introduced as the energy sales of industry minus the sum of energy
_sales of Ii~I3 for each Cabang (Refer Table,A-14)
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On this procedure, a minute modification was applied for some Cabangs
so that it could obtain I4 energy stay in a reasonable range.

Next, referring this results and individual informétion which concern
14 customers, we established a long term demand forecast concerning
big sustomers.(Refer Table.A-15(1)~(7))

In order to supplement the information deficiencies concerning remote
futﬁre and to make total system démand reasonable, we temporarily
assumed some unknown customers called-X as if they are scheduled,
The results are shown on Table.,A-13(1)~(6)} together with demands of
distribution transformers using double and single parentheses for 150

“kV and 70kV customers respectively,
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Table. A-13(1) Long Term Demand Forecast of Distribution Substations

Ordinary Peak Demand bn}Weékdays (MWY

Cabaugs | Sudstations : :
: 1989/3 1994/3 1999/3 1 2004/3
Surabaya| Ujung ( 8.4) ( 8.4) (.8.4) ( 8.4)
10.4 16,4 25.5 38.8
Utara Krembangan S :
23.2 39.3 32.0 50,3
& =
Sawahan . {10.%) _(10.5)
Selatani_ 36.3 54.2 | 77.8 2 105.1
- ' (18.0) "(18.0)
Tandes _ o o
22.9 36.9 ~_61.0 98.0 .
((21.0)) ((27.3)) ((27.3)) ((27.3))
Segoromadu (21.0) (28.5) | (31.5) (31.5)
20.8 26.7 . 43,0 59.9
Simokerto
35.0 57.5
Benowo : o o .
17.8 - 2807 400
—_— ((22.8)) | ((57.6)
Gresik
Simpang : R
16.4 27.6 4£8.0 13,2
YWara (34.5) (51.3) . {51.3) (51.3)
28.8 47.7 -83.3 133.6
Sukolilo 7 ~
' 43.2 85.8 64.7 99.9
Ngagel :
9.8 15.3 23.8 . 34.9
Driyore jo : T
6.8 12.9 26.4 46.3
Buduran : o T
' 16.4 29.2 - 52,7 - B5.4
Kenjeran : _ -
16.4 27.9 49,6 81.2:
Rungkut. _ SR
‘ 57.6 66,3 81.3 84.5."
| Darmo Grand P S B E
' 25.6 27.1 499 82.0
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Table. A-13(2) Long Term‘Deménd Forecast of Distribution Substations

R Ordinary. Peak Demand on Weekdays (MW)
Cabangs | Substations -~ : - : _
- 1989/3 1994/3 1999/3 ° |- 2004/3
Babatan . _ ' . o § |
- 4,5 : 8.6 66.2 ~116.0
. (( 3.5)) .| ((47.2)) (C151.1») | ((382.5)) .
Krian : . ‘ _
: 16.0 30.7 ' 22.9 37,4
Ngiwo i : |
57.4 94,5
Semanbung _ .
51.0 3 57.4 94.5
Kalang _ : _ ‘
Pilang | 18.3 3.7 | 63.2
Ketintaﬁg : :
: 57.4- 94.5
Trésobo _ _ B
: 17.6 1 30.8
Sidosermo - _
. 34.9
Bojonegoro] Bo jonegoro ; : L
: - 4.0 6.6 9.1 12,9
- ((18.0)) | ((18.C)) 1 ((i8.0)) | ((18.0))
Babat : :
' : 2.3 3.4 3 S 4,9
((13.9)) ((23.4)) ((23.4)) ((23.4))
Lamongan . : S
- 1,2 1.7 2.4 7 2.9
Tuban : :
: . 1.5 2.3 _ 2.9 : 3.3 .
Malang Kébonagung - .
: - 19,1 2?.5 8.0 - - 50,3
Polehan _ .. ' :
L 11,0 - 19.2 32.0 50.4
Biiﬁﬁingf o . o S - 7
S 10.6 . 21.4 -33.9° 48,1
Seﬁgkaling - , 7_ _ o L "7-. O
S 7.0 . 13,0 4 - 21.1 ' 31,2 -
_ Lawangf' _ 1o | l, ) B
L 9.8 18.1 29,1 - 42,5
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Table. 4-13(3) Long Term Demand Forecast of Distribution Substations

Cabangs Sﬁbstétions O;Qinafy Peak Demand on Weekdays (M) -
: 1989/3 -1994/3 1999/3 2004/3
Sukorejo _ :

' 2.4 _ 4.4 6.6 8.6
Turen
6.6 7.3 11.8 17.3
Sengguruh
1.1 2.1 3.3 4,6
Karangkates o
1.1 2.1 3.3 4.6
PLTA ,
Selorejo :
1.2 2.2 3.2 4.3
Kepanjen
4.8 : 7.6 . 10.8
Pasuruan| Probolingo
10,5 20.1 34.0 51.5
Plered
: 4.3 8.2 13.8 20.7
Bangil |
: 2.6 5.2 8.7 i2.9
Pandaan _ _ .
7.2 14.3 25.3 . 40,1
Porong E
2.9 5.5 9.1 13,2
Leces ' _ P
6.1 11.7 20.0 30.6
Kralsaan _ o ’ i
: z.1 4.2 7.9 13.6 |
Paiton ( 1.8) o
0.9 1.8 - . 3.4 5.8
((15.4)) {1 ((44.1))
Kediri | Kediri { 9.1) {20.7) (21.6) {21.6)
13.2 25.4 42.4 . | 60,31
Tulungagung{ 9.2 | 18.6 | =~ 320 | 47.7
Blitar 3.3 7.8 | 12060 | 16,7




A;13(4)'Lcng Term Demand Forecast of Distribution Substations -

Table,
Cabangs Substations L Ordinary Pegk Demand on Weekdays (MW?
o : 1989/3 1994/3 1999/3 2004/3
PLTA . . |
"Wlingi :
Tone 2.2 5,2 8.4 11.1
Kertosbno :
- 3.2 . 5.1 8.7 15.2
Trenggalek o . _
L ‘2.3, 2.8 3.3 3.5
Ngan jik . o ' R
L ' 0.7 1.4 - 2.7 3.3
. ) i o ((10.5)) ((41.9)) | ((105.8))
Mo jokerto | Mo jokerto ( 7.5) (12.0) (12.0) - (12.0)
' 1 ' - 17.8 36.9 66.4 164.3
PLTA
Mendalan 3.5 1.2 2,7 4.6
Ploso _ : _ .
- 0.3 0.3 0.3 0.4
Jomb.ang ) : L _
. 0 3.2 3.9 7.2
Madiun |Manisrejo _ : S
13,7 23.9 38.2 - 56,7
Caruban . ' R o
' 0.9 1.6 2.1 2.5
Ponorogo : . :
2.2 3.8 5.6 6.9
-PaCitan o :
o 1,1 1.9 2.5 3.0
Dolopo ; : : : 3 :
w 5.4 9.4 13.6 16.7
Magetan - - , : e
E o S 2.1 2.3 2.5 2.9
| Ngawi N i
1.6 1.9 2.0 2.0
A= TS




A-13(5) Long Term Demand Forecast of Distfibution Substations:

Table.
Cabéﬁgs Substations X Ordiféry.Peak Demahd on WéekdayS‘(MN)
1989/3 1994/3 | 199973 ""|'  2004/3
((13.7)) ((25.3))-| ((38.2)) | ((69.3))
Jember | Jember ' : I -
10.2 9:3 14-2 N ) 21-5
Luma jang _ ' .
4.0 7.2 12,7 22.4
Bondowoso s
2.5 5.2 9.9 15.0
Tangpul o ' .
' 7.3 11.3 17.4 .
Béﬁyﬁ? Banyﬁﬁangi o .
wangi ' 8.5 13.3 29.4 52.6
Genteng
7.1 . 20.1. 39.5
Situbondo| Situbondo
3.1 4.6 6.7 9.3 -
Asembagus 0.4
((36.0)) | ((36.0)) | ((36.0)) | ((36.0))
Pamckasan| Candih B I
' 0.2 0.5 0.9 1.3
Bangkalan o
1.6 2.8 4.5 6.5
Sampang o
1.7 3.6 5.7 8.0
Pamekasan . :
2.6 4.4 6.9 9.5
Sumenep
2.2 4,0 “11.6

7.2

Note: o Each figure means forecasted average demand at 19:00 hours on

weekdays.

o Double parenthesized figures mean big customefs'démand fed:

by 150kV.

o Single parenthesized ones mean those of 70kV ot.speciél.use-

for construction (Paiton).

o The rest mean thosé of distribution transformers.
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Table. A-14 Forecast of I4 Energy Sales by Cabang

<7 2
Z |doige | Nk SR B~ | dode [Whoin | FEAE [N | Saicidd [SSS- | gocSd
M P B e Tl Bt Rl Bt Mack - B B R o D000 | =00 | 00 B | O e U cooo
- FWHE WP [(Nmere Tt G : o U — — e v O\ . . oy oo o
L) : - wi o - : - : : <A "
. (~Now | Mo O [ CaMe | mOTo | NSO | WM | W e MmN eS| ot Gome
= Z Nodn | dN=—n [(NSSS NN [ SN [ o | e [ OO | 00 (NN OO N | S R
o D=L | SOHME. | OO | MO | A N [ MRNOS O0OW | e [ SBID0n N NO D : o ke N
& 2 {woral~sor (nuan a0 | e Ot~ B T T R BT N —- —_n e MW
N [P0 e [ POOn | NeeS | ORI (G0 [ HNED [N | OND e @ One | WO O =S | N O
— D [(BREN HOone | Q=M®K La0ne | NSRE | QNHD g eo o | RIENS PNB NS | NG OL Sl e e
R TP ool | Wl | N NN FOCe (NS FES CNE [P | oS eSO | SSNen | )Mo=
s Lol oe e wg O~ I enMNe | REew | Voo | Nt | It — U2 wnoy ™ ' o
— 2 IRy g PO NN - L T — — O - - — .
- [ N wd 0 15 : ’ .
. @ D=L | OMNW [ OO Nm [N~y | O [ WM | a1 | OO DN [ @O N |~ n ] e
AT lenoS | A0an | NYES | MNP | meNg | o@g [(Hoem | By Wgnll | SoNi | =N | Qen®
-] CSem | B DOOD | IO | OWHN | HMMmOM O mm [ NS S 00 | T O e - =
v B ]| ANNO | ©agm i N o — ey - ey | — - : -
o NG [P | MONG | FOUM [ ODO | 000w | MOMNMN [ CHON= | ¢MEN [ NSO ([NOMO | oo
o S W | RN | DmwN | FoOQN | BN O | NMON Elme | e | @ Tn |0 nw | QoN [ nmom
—~ P lowibe | SEed | Sk e | Al e dSNE | @eiddn v | Sy | Cw Oy [ COss | oanN®
~ E I ] N | ™ = [ NS LT -t O —en - [ R .
= - e, . :
M B Mo e | o wd | mrow | nees | aetn |[onen lmo-e | anen [ NnSs | wnOn e e o
= E9man RO N | BO00 |0 | SN [ ONMG | DN | o | N oo N
.H hh6826 it | S| Ao | S | SSES | Wt [ S | BSOS [ NS [ S| N ES
o OO | WO | NN DO | ™MEN | N — & — - far OO0 : vt
~ m — 13 -y LD e — — - R :
o = TOLw | OWW (TN | ONOM [CONS | ONCA [ eWON [ g om0 (oeew | wone | e
- = LKL | - NTW | =Wt | D 87..78 NNIDM | A | QD RSN ST | OO | N
-+ H PGSy | WS | N | Sl | e | N [N AN [ SO (S | oSS [ IS
o R mNew e O ' - - ) . ' ' -y
: DD | PP [ RO DO [ O | OON Ot | ONe— [ Hewn o000 | ~Nn | oo
H.w NNOO [ WMNOC | NOCOO | MO0 | NNOS ([ FNOD [ Moo |fmMNoC | Roo | ool oo
3w FNOOO | MO0 [ kMOOC | ~OOD | ~ROS | mood | wooo | Moo | mOoS | o000 | ~ooe | oo
LN Roletelall Bolnlotol Babeiotel Rabotuboll Ratntolol Batatmped Batniebell B o batull Bordote kol et baal Barotedndl Bkt
CSOCOS | Oooc | IS | OCSC | OO0 | SOCSCS | OScS | OS00 | OCSoS | SESS ([ doDS | Sadss
® & . &m = 2 ‘. - 5 -
&g z Z = @ © & g - 3 g - - & " g @
= . fa) - = [ - = Q i) .
& L2 = S A = @ 2 o 2 e
Sl Ex= FE 2 ® = o ) - - > 5 3 2
| BB | NEG ™o - o & w g = 5 e Tl o E = 8 - a5
Cijens | o¢gwnn | om S = PR o M < o= o = P - g - A

_-.Multiféyered'figqres1nean of March 1989,1994,.19993nﬁ:2004'requctively-

' Note

+ MW means demand at daytime, and GWh means annual energy.
« Demand Conversion Factor is 1.565 for 11+12 and 1334 for 13.

is forecasted..

+ For 14 of Pamekasan, just Madura Cement
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Table, AmlS(l) Long Term Demand Forecast oijig Customers (14)

Substation Demand Forecéét (M)
Cabang - | Customer . _ (V) — T —
/Voltage 1989/3 | 1994/3 | 1999/3 | 2004/3
Surabaya| Retrokimia Segoromadu : o o . o
Gresik 150kV 21.0 o " "
Utara _
Kunci '
; 1 _ " 1

Kedamean . _ 6.3 : I

Segoreomadu ) : .
150KV 21.0 27.3 o L
Senen Segoromadu '

Gresik 70KV 18.0 " " "
Barata " 3.0 " " "
Carbide o

Factory Gresik " - 7.5 " .
Parama Arta " - - 3.0 "

Segoromadu : . _
70KV 21.0 28.5 31.5 | )
PT PAL Ujung 70KV 8.4 " no "
Jaya Pari Tandes -
Steel 70kY - -~ 18.0 M
Sawahan X Sawahan - :
70KV - - 10.5 . "
— —— —
Total 504 64,2 95.7 - "
X -5V | Gresik. - _
150KV - - 22.8 97.6
Annual Fnergy| 428.3GWh| 573.3GWh | 989.0Gkh |1,612.9GKh
Target F — : - - —
Péak Demand 5} . 3MW 68.7MW | 118,5MW 193 . 3M0
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Table. A-15(2) Tong Term Demand Forecast of Big Customers (I4)

. ‘ R Substation Demand Forecast.(MW)
Cabang [Customer (kV) - : —
, : : /Voltage 1989/3 1994/3 1999/3 2004/3
Surabaya|lspat Indo Waru 70kV 19.2 " " "
Seldtan o L] 4.8 n n "
Soda Waru
. n n n 1
Jatim Utama 10.5
Steel " - 16.8 n "
Maspion Waru 70kV 34.5 51.3 " "
Krianl50kV 3.5 47.2 151.1 382.5
X - S8 '
Tnclude .
Tsarin
Manunggal
30.0MY
. Annual. Energy | 317.1GWh | 821.6GWh [1,688.3GWh| 3,619.4CHh
~Target _ — : . ' '
, Peak Demand 38.0MW - | . 98.5MW 202, 4Mu 433, 8MW
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Table. A-15(3) Long Term Demand Forecast of Big Customers (I4)

: Sﬁbstation . Demand Forecast (MW)
Cabang |Customer (kV) ) : o B
' /Voltage | 1989/3 1994/3 1999/3 2004/3
Bojenegoro| Dwima Babat ' -
Apgung 150kV 18.0 - " "
Cement :
X - BJ Lamongan 13.9 23.4 " "
Include 150KV
Carbide
Factory
Lamongan
9.0
b o b . -
Annual Energy {265.8GWh | 345,6GWh | 345.6GWh | 345.6GWh
Target - R -
Peak Demmand 31.9MW 41 . 4MW 41, 4MW 41.4MW

A
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Tabléf A-15(4) Long Term Demand Forecast of Big Customers (I4)

_ - Substation Demand Forecast (MW)
Cabang | Customer (kY : —
o /Voltage | 1989/3 1 1994/3 | 1999/3 | 2004/3
Kediri | Gudang Kediri _ ' '
+ Garam 70xV 9,1 20.7 21.6 "
Malang
+
Madiun X - KD Kediri :
+ : 150KV - - 15.4 44,1
_Pasuruad
19.8+14.0 | 63.2419.7 | 129.9+18.4 | 259.7414.7
Annizl Energy| +19.5120.0| +56.3142.0| +108.3452.4| +186.8+37.3
T : _ =79.3 =181.2 =309.0 =547.9
arget T — _ —
Peak Demand .{  9.5MW|  21.7MW| 37.0MW | 65.7MW
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Table. A-15(5) Long Term Demand Forecast of Big Customers (14)

' _ - Substation _ _ }Déménd Forecast (MW)
Cabang | Customer (kV) — —— ——t
: /Voltdge - 1989/3 1994/3 1999/3 __2004/3
Mojokefto| Pakerin Mo jokerto . a ' ' S E
70kV 6 ..0 . " L] n
Ciwikimia " 1.5 6.0 " "
sub total 7.5 12,0 " "
X - M Mojbkerto o o -
150KV - 10,5 © 41,9 105.8 -

Annual Energy| 65.6CWh | 188.1GWh | 449.8GWh | 982, 5GWh

Peak Demand 7 .9MW 22 .5My 53.9MW {117.8MW

A - 82



Table, A-15(6) Long Term Demand Forecast of Big Customers (14)

38, 2MW

_ _ . Substation o _Demand Forecast (MW)
Cabang | Customer (kV) |— — —
B | /Voltage 1989/3 | 1994/3 | 1999/3 | 2004/3
| Jember | X - JB Jember : ‘ : '
+ © 150kV 13.7 25.3 38,2 69.3
'Banyn
wangi
+
Situ-
bordo -
o | 8.1430.2 | 138.7472.3) 207.94111.5| 325.8¢253.3
: o “Annual Energy| -0.1 0.7 . | -0.7 ~-1.2
~Target ' =114.2 . =210.7 | =318.7 =577.9
Peak Demand | 13.7MW | 25.3MW 69.3MW

A - 83




" Table. A-15(7) Long Term Demand Forecast of Big'Customers (I4)

| Substation | Demand Forecast (MW)
Cabang | Customer (kV) }— e -
/Voltage 1989/3 1994/3 1999/3 | 2004/3
Pamecka-] Madura Cement} Candih : ' ‘ o
san Factory (Giri Timur _ :
150kY 36.0 $36.0 36.0 36.0
Annual Energy | 300.3GWh| 300.3GWh| 300.3GWh | 300.3CWh
Target : .
Peak Demand 35.0MW 36.0MW 36.0Mw 36,0MW

A~ 34
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APPENDIX ~ B..

The site surveys of main transmission lines and substations to be

inc¢luded in the Short-texrm Implementation Program were carried out in

Surabaya City, Madura Island, Paiton and ete,.

The following is the derails of field investigation:

l.

bl

Surabaya City and [ty Surrounding Area

Krian Substation

The construction works are now being executed toward the completion

time in 1985 as the substation for 500 kv transmission line,

AU present, the construction of access road to the slte from the
Surabaya -~ Krldn truck read and preparatory work of Subbtatlon

site are in propress.

The substétion site is located cn,the_gént}ywsloping hill and
the excavatibn and compaction works up to design level have been
éarried_éut there, The ;ransmission_lines for Bahatah New
SUbSt“F%“ﬂ in éurabaya City and for Gresik Power.stationiwill

lead from 150 kV side of this substation,

Krian - Trosobo -~ Babatan Transmission Line (i1.6 km)

As a_villugu_nga;eg_ﬂ; just South side of Krian 5/S, the

transmission line is coursed around,

.The tbut* is 31m05t rtce fLeld and crosses l)D kV and 70 kV T/L

and furthermurc crosses Surabaya Rlver; and reaches Trosobo 5/8,
dlthough the qpan length is 400 m in cr0351ng the. Surabaya River,

articular tdll tower ia to. be erected.



1.3.

L.,

1.5.

Trosobé - Babatan transmission liune route is also disturbed by
a village and takes a roundabout course, The route also traverses
rice.field sugarcane field and railway crossing, The length
of Krian ~ Babatan line will be 11.6 km instead of 9 ki previously

‘planned because of the course avoiding theé village.

Trosobo Substation (Future Plan)

It is assumed to construct the substation at the sugarcane
plantation area where the canal is passing through ‘at an east

slde and located at the north side of principal road (Waru - Krian)
in future. As the ground level is low in these area, levelling

works of the ground way take a lot of time. It is really rare

" to have an environmental problem for big villages do not exist

nearby.

Babafan Substation

The substation site will be determined at the location between
the irrigation canals and along the road branched southward from

the principal road (Waru - Krian).

The ground and the surrounding conditions are quite good com-

paring with Troscho 8/8$ site although there is now sugarcane

plantation,

Waru - Sawahan Line (Rehabilitation - 10.6 km)

This is the rehabilitation works for 70 kV transmission line
using presently 50 mmz H.D.C.C. (current capaclty 260A) to
ACSR 300 MCM (current capacity 440A) for the countermeasures to

load increase.

The tower type is the same as the one for Wara - Bangil line,

and regarding to Waru — Bangil line; the same rehabilitation”



1.6.

plan bas been made under $urabaya City Power Distributiocn Project.

The strength of tower structure has already been studied,

‘queﬁér;'éé the construction of the towers is really in'dld'time

and_ﬁhe condition of their foundations is”ndt‘clear, ihe'stréngth‘

_test for tower materials, bolts and etc. will be necessary, and

also’ the checking of the size of foundations and condition éf

concrete by means of ‘test excavation will be needed,

"In peak load houts of Sawahan S/S, the load on each of double

¢ircuit reaches 180A. Assuming the case that one of double’

circuit line is failure, it should be reinforced.

This line has to cross over a railway and pass beneath three _
150 kV lines, however, these would not pose so serious problem |

in the execution of the work.

‘Sukolilo ~ Kenjefan-Line (4.5 km)

Kenjeran $/S to he constructed in the Surabaya Clty Power Distribu~
tion Project is conaected by single circuit line. The conversion

to double circuit 1line will increase the reliability.

Substation will be constructed inside a rice field area at 450 m

distance from road.

For this additional stringing work, the same towers of Sukolilo -

Ujung Line are used in a section from the Sukolilo outgoing to

VNo.14 tower.

In stringing on upper part of the towers, a careful working plan

has to be set up.



1.7, Rurigkut 5/8

At present Waru - Sukolilo Line 1s a single circult line, but this
is scheduled to become double circuit line in the Surabaya Gity
Power Distribution Project.

In the intermediate point of the line Rungkut $/S is established
newly and double circuit line is taken in by W branch,

The substation is planed to be constructed at the plain grass-
land, but the geoleogical coundition is quite bad due to the sﬁamp
located nearby the site and the access to the transportation of

equipments will not be favoured.



Madura Island

Madura is a long and narrow island extending over 163 km
from east to west and 38 km from south to north, and with

an area of 5 593 km .

1t has a population of about 2,7 million,

There is one-PLN hranch office in Pamekasan ahd the branch

.Offlce operates generatlng facxlxt;es and dlstrlbutlon fa~

'calltmes lelded into four zoénes.

As of today,_the”electrificatiOn ratio-ié still oﬁly 3%, and

'théré'are'no-large'entefprises nor factories. Other-major

powert: dQMaﬁd'aré the load from pumps for itrigation and town

vater supply, drying up facilitles for tobacco and salt fac-

Ceriesi

In recent years, the submarine cable project for intercon-
nection between the Madura island and Java island has be-

come formed up and, the positive introduction of a cement

factory is to be sét up in Madura, -

Besides}_lSO kV transmission line project that will cross
over the island from west to éast has be formulated to

supply the pDWeI to sustaln its regional development and

up—brlng1ng of electrification. ‘Durihg the site survey,

Fhe team encountered the ongoing distribution expansion

work and felt the projects are in progress. ..

2.1. Gili Timur S/8

The_submarine cable from Gresik P/S is now being
prepared,forfcoﬁstruction. | .
The project is to connect submarine cable to Gili
"ﬁimdr S/S which supplies the loads of both Labang
‘(elincher plant) and Sekar Bungu (grinder plant)
..cement piants.a;;- i : - . | ,
Gili Timur'S/S 1s the oriéin of 150 kv transmissioﬁ
..lina runnlng through the Maduxa leand., The site
is located at the cr0p flald about 800 m distant
from the main ‘road (Kamal - Bangkalan)
' The ground level is hlgher than the access road and
it is cons;dered that the drainaga condition is good.

‘The ground is covered with an organic surface soil

including red clay.

B-5



2.2&'7

2.3.

2.4.

Bangkalan 2/S

There are 4 diesel power staﬁions in the Madura island
among others, Bangkalan Power Station has been surveyed
at this time. _ _ o

one of five generators in the station is manufactured
by AEG, West Germany in 1959 and the other four units
added afterx 1973 are made in Holland.

The capacities of the generators varies such as 400 KVA,
420 KVA x. 2 units, 670 KVA and_l,GOO KVa, Distribution
panel includes operation panel by each generator and
also parallel operation panel, and the parallel operation
of—generators.is.being made. It is connected to the

distribution facilities outside by 6 KV.cabls.

‘The operation office of power station is located at

tha same compound as of PLN Branch Office in Madura.

Gili Tiﬁur - Bangkalan Line {15.5 km)

ihié line reaches to Bangkalan S/S running along the
principal road (Kamal - Bangkalarn) in north direction
right after Gili Timur S/S. _

The route is fairly taking a longer couxsé“because'tha

industry sites and the quarry sites have been avoided.

Bangkalan S/S

This substation is planned to be established at the

gite facing with the principal road:(Bangkalan - Sampang}.
The ground surface is covered by the. grasses and there

is no problem for site preparation and . tramsportation

of equipment and materials.

However the site is about 4 km distant from the center

of Bangkalan town.



2,5,

Bangkalan - Samgang Line (57.9 km)

Except the route section of the transmission line

‘nearly Bangkalan §/5 to keep away from the villages,

transmission line is almost runuing_elong the prin-
cipal road. . '

‘Therefore there ig no problem for construction and

maintenance.
Although the_route is plain field, grassland and
rice field, only 3 km of the middle portion runs

‘through the hill of mountain base. R
After passing this parts, the route passes nearby
' swamﬁ plece in a section of about 3 km and again

..passes the base of mountaln, and reaches to Sampang

S/S.

The demand in future is expected in nearby Sampang

'as there are some flsh ponds and salt flelﬁs.

As sampang §/8 site is facing on the principal road
from south to ‘north startihg from Sampang and is plain
fielde, there are no difficulties_in-constfuction,

And it is suitable for distribution of load as it is

located neaxr by downtown of Sampang.

Sam?ahg = Pamekasan Line (25.3 km)

The route is planned aleng the Sampang - Pamckasan

bypass road located at fufther_inside of the'south

. coast road.

The terraln of the route is generally £lat, farm land,

:'grassland, and rice fxelds with sparse inhabitants. No

dxfflculty is expected in constructlon and malntenence'

as’ well.

'_The route is almost runninb along the- road but most of

tbe route 1is taken stralght.



2.8.

2.9.

Pamekasan Substation

The site is located at the slde of the bypass road for.
Sanpang and about- 4 km away from Sampang town center.
At present, the place is a grassland with n6 resident
nearby, but due to the distant location from the load
centex, distribution plan should need careful conside-

rations.

Pamekasan - PLN Cabang

Inside Pamekasan, which is the center of the island, PIN

‘has a_hranéh office and this office adminiéter'four ZOnes.

The survey team inspected one city water sﬁpply punmping
station adjacent to PLN office. The station.és to pump
up water from deep well to store.it in the about 20 m
high tank. Their contracted kvA ié 200 kVA and uses

four {4) units of pump for supplying water to approx. 2,000
residents at 114 1/sec. - |
This would be probably one of the largest load.



2,10,

Others'

Due to the limited times,'the route in the section Pamekaean -
Sumenep (51 2 km) and_ the site for Sumenep Substation have to
remain unsurveyed It 1is foreseen from the data check that

any . particular problem will hardly occur.

As a general view, the EOnstrnction'of transmibsion facilities

‘on the island of Madura would not present dlfficutties in

selection of the site and the work execution as weil because

the island is rather flat terraln throughout with generally

solid ground condltlonq and favoured by Eairly developed road

netwopk. However since this is the first introduction of 1arge
transmission facilities into the island, geologic investigations

are to be conducted and the results shouid be reflected on the

determination of foundation design parametets.

As to.the transmission line, the route has selected mainly
along the éxisting roads due to putting a major consideration
on the maintenanee,'howevef, mote studies also be given in a

direction to select economical line. routes.

% P.S. : Afterward, a re-examination took place at PLN on

Pamekasan - Sumenep route, and a short-cut route

came to be adopted, which results as follows;

‘Route Length'
0ld route 51,2 KM
New route ~ 45,6 KM

The Route Length has become ehortet by 5.6 KM,



3. Paiton

3.1. Ppaiton Power Station

The paiton Coal Fired Steam Power Plant Eroject #1
and ## 2 is scheduled for completion in 1989. For
construction power supply, a transmission line of
150 kv double circuit is expected to be erected in
1986 between Probolinggo and the Site.

The switch yard site of Paiton Project is 1ocated
on a hill land facing to the power statlon s;te.
The ground level is EL. 84 m,

The 150 kV outgoing fac111t1es are planned to ba
constructed in the east side of 500 kV switching

eguipment.

3.2. Paiton - Kraksaan Line (19.7 km)

The outgoing line will traverse on the west hiliy land
uﬁtil it reachee a plain,

The route up to Kraksaan takes a round about courses in
the middle of plain in order to avoid villages along the
trunk road. ‘

The route passés ﬁhrough a flat land consisted of rice
fields, sugar cane plantation, corn farm -land, ekqept
the hilly portion at the outgoing.

No serious problems are foreseen in the cénstruction,
but the hauling of construction materials and time
duration of the work should be planned out minutely

since the route is apart from the main road.

3.3, Kraksaan Substation |

The proposed site is located at one stﬁeet behind south-
ward of the main traffic road. -

Final location of whether to be south side or north side
of the street has not yet been decided. _
The north area is a grassland and the other is a riéefield,

both of which do not pose any problem in construction.
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3.4,

3.5,

Kraksaan — Probolinggo (31.5 km)

Like the above mentioned transmission 1ine, the presently

'proposed route 1s taken to avoid the villages along the

trunk road. Especially, ‘the incoming portion to Probclmnggo

is southward aligned apart from a dense residencial area.

A1l the way through the route’ would not involve any serious

construction problem.' Only the place which feeds a careful

tonsideratlon and construction program 1s the cr0331n9 sec—

tion of twoe 150 kV lines nearby Probolinggo outgoing bay.

Probolinggo Substation

At'pfésént3 this substation receives the power supply from
Bangil Substation through 70 kv 1iﬁe;and traﬁsmitrtdﬁayd
Jémber area after.the step—up'td 150 kV. TIn the Accelera-
tien Project, a new 150 kv line from Baﬁgil'is connected
to this substation for Sufabaya:- Bali 150 kV interconnec-
tion, ' o

As mentioned before, a 150 kV transmission line for con -
struction power supply to the Paiton Pro;ect will take off

from Probollnggo Substation.. o
With the completlon of this line, this subs ation will

have a complete 150 kV facilities and the yard could be
neatly rearranged owing to removal of 30 kV bay équipment

for Leces and step-up transformer,

B~ 11



4.

Bojonegoro

Due to the heavy ralnfall durlnq the ralny season, the

team has met floodlng over the roads at wmany places.

Therefore, the survey of substation sites’ ‘and transmi-

5810n line route could not be done. As far as the re-

levant data reveal, it seens that both substatlon

(Ngawl and Tuban) sites and tranbm1531on route would not
pose difficulties in construction as well as selection.
However, the area for Tuban substation may be suffered
by rainwater during the rainy season. Then, ground con-
ditions of the sites should be investigated sufficient

enough to ensure the safety of equipment.
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Route Length
Feb. 28, JICA

Planning length Real J.ong.th
Sukolilo ~ Kenjeran 6 Km 4.5 Kn
Krian - Babatan ‘9 Km 11.6 Fm
Waru - Sawahan 11 ¥Km 10.6 Km
Probolinggo - Kraksaan 30 Km 31.5 Kn
Ngawi incorﬁer 10 Km 2 cct x 5 knm
Kraksaan - Paiton 30 Km 19.7 Km
Babat - Tuban 40 ¥n 30.9 Km
Gili Timur - Bangkalan ) 15, 5\
Bangkalan - Sanipang Leo 57.9 .
Sampang - Pamekasan - 25.3 149.9 Ko
Pamekasan -~ Sumenep | 51. 2

.B- - 13













Appendix-c‘ Subreport on Lamp Flicker

A historical change on the problem of lamp flicker by arc furnace

in_Japan.

The problem of lemp_flickcr‘by arc Furnace has been treated since

around 1955 in Japan.

It was not until 1964 that the fotlowing concepts on fllcker vere
established

. Sensitivity coeff{icients

.. le

. Perception ratio, etec.

Each power corporatlon, however, did not come. o an agreement on

the. actual appllcatlon of them, Besides, few arc furnace users

were interested in lamp flicker, and electric machine makers were
not so aggre851ve to produce flicker reducing devices on a commerc1al

basis.l_

After that,rstudy of estimating method on flicker had been developed

respectively to establish Gu1de lines by each _pover corporatlon.
But it was 1mpossib1e to find’ effcctlve countermeasures. There was
hothing but one case of power supply by installing an exclusive

transformer.’

With the poPuIatization of color television (no voltage stabilizer

was included 1n early color TV), conSLderable complalnts about

'fllcker were occasioned one after another in around 1967 To cope

wlth this problem,-each power corporation taised the level of their
own GuldE*llneS respectively, and explatned effeetiveness of some

concrete countermeasures on flicker at the research meetlng composed



of power corporation, arc furndce users and electric machine makers.
As the result of patient negotiation with arc furnace users,
saturable shunt reactor or synchronous condenser had come to be
-adopted5for:the countermeasures by each arc furnace ﬁser'dﬁring

1971 to 1972. | '

' However, considerable complaints on flicker occasioned shbsequently

by the following recasons: ' o

. Capacity increasing and productivity progress of arc furnace
. A change of power supply system

. Fault of estimating procedure, etc.
Conseqguently, the level of Guide-lines was raised again in 1972,

As thyristor  (reactive power) compensator (Example: TQC) was
realized for practical application in 1973,'somé countermeasures
on flicker were taien whenever the'capacity of arc furnace was
increased by the users. '

As the result of development of AV _ calculation method using

10
digital computer in 1976, the following studies were advanced:

. Comparative research between digital Avld calculatibﬁ method

and analogue AV measurement method adopted by each power

10
corporation

. Analysis method using statistical mathematics

In 1979, with the progress of the studies above, the relation
between AVmax and AVlO nax concerning flicker was clarifled
and each power corporatlon reached a consensus to adopt the'

predict e thod by AV max.

143
Since it requires a large investument for countermeasures on
flicker, the economic burden of are furnace user is consldered

to be much.



However, the supply voltage to general counsumer, one factor of

the quality of electricity, is disturbed by flicker.

In Japén, it is regulated to:maintain the quality of electricity
by the Rules and Rates for Electric Service, The experiénce in
Japan haﬁing solved the problem tells that it ds very iﬁportant
for power coyporation to ébpe with arc furnace users fairly and
impartially by arranging and standardizing the following theore-

tical systems about flicker:

'. Calculation method
:. Measufement method
. Allowable level

. Effectivgneéé evaluation of reducing device

C.2.  Mutual relation between voltage fluctuation and V

10

€.2.1. Calculation of Voltage Fluctuation

C.2.1.1. Schematic diagram of model power system

_\f; - ' l | g Qmmp ' - i:}_{

XOEE xs +‘xL + XT + XF {(z) ... IO_MVA_Base



C.2,1.2, Electric power circle diagram and reactive power

fluctuation in arc furnace

MW}
%
! B. : .
| < under 3 phase
! - short circuit
. 1 3 R _ 0
/ : ‘/,/‘/ R F
.Re /';////
o . 1_
. R B
| - agmax ———en 1 [MVarl
' ! : !
1 i - ! !
b - Qmax I ,__‘,‘_?LA_____L‘___;-:
| 7
in b =
8in p 1
cos BR * 0.85
= A = 1 _ 100 m
Qax XS T XL +XT T XF x 10 % ¢ )

. OF = DA sin2 0
s
‘6‘-]5-:‘6&- i 9 _h=‘_-—- i
C sin . 0C = DA sin BR

. OD = 0& sin® BR



AQ =5§_6~5=6~lzsin26—6§sinze
max R

2, .2
= Qmax (sin” © g sin” 6 R)

2. 2
—Qmax (sin 88—1+cns GR-)

A . ’ 2 .
& Qmax cog 0 R (MYar)
C.2.1.3. Voltage fluctuation (at S/ Bus)
XS_ i
A s ) . .
Voax Qax X T -+ LOOV Base | )



G.2.2. A concept of Ay

10
C.2,.2.1. Sensitivity coefficients vaeas al(f)
a(f)
{ fomne- ,
!
H
10 8=z f{HZ].

C.2.2.2. Spectra of flicker in arc furnace ... V(E)

V() k
i\ Note: Voltage fluctuation data of 100V Base

are analyzed by every 1 minute.

FiHz1

C.2.2.3. a(f) x V{£)

a(f) v({f)

o

€.2.2.4. A definition of AVl

fiHz]

0

v, = /% o o)’

Note: One AVlO can be obtained by every 1 minute.



€.2.2,5, A definition of AV, . -
- 10 max
After measuring for several hours, choose the one hour for

which AV, 1s largest.

1o
Determine mean {m) and standard deviation (0 ) calculating

60 plieces of AV

formula:

10° and definite QVIO nax by the following

AVlO nax =m+ 1.65 ... 100V Base | (V)

10 max

appeare is 5% when AVIO are shown in the normal

Note: The probability thét:values larger than AV
distribution.

Namely, - 60 pieces x 0.05 = 3 pieces

then, A is the fourth value from the biggest in

VlO max

i A
60 pieces of VIO'

C.2.3., Mutual Relation

The following formula is used empirically.

A = AV

v 1
10 max _ 3.6 max

_ 1. 100 x (0.85)° %
3.6 _XS+ XLT &:+ XF . s

= 20,07 = .... 100V Base (V)
XO :



C.3. Allowable Level and Countermeasures on Flicker_hy'ﬂvlo nax

C.3.1, Allowable Level

C.3.1.1. The relation between ale and perception ratio

. . :
fOO e .
35 ;
|
D j
2 - . :
g €0 N i .
; L 5
c i : :
o = } i =
ol H .
FE] : :
& i
)
U 40— —
A
L
p_‘ .
i

1o
84
o e o e i e s
: i :

)

0.2 04 &6 2, (R L2 Ale[V}

8+ C+D oy
TETv T x 100 (A)

Perception ratio = —¢ D

: number of subjects who don't feel flicker at all

: number of.subjects who don't feel flicker so much

-

number of subjects who feel flicker

S 0O =

: number of subjects who feel flicker nervously



¢.3.1.2, Maximum Allowable level

Determine. perception ratio 50%: AVIO max = 0+45V for maximum
' allowable (control) limit. '

C.3.2, {Countermeasures on Flicker

C.3.2.1.. The relation between rate of flicker reduction (R) and rate

of reactive power cémpensatioh (C) of TQC .

AV without TQC -AV with TQC
R = — 10 max — 10 max x 100 (%)
A_Vlo max without TQC
¢ = TQC capacity X 100 (%)
: Qmax '

Improvement characteristic of TQC is as follows:

20

6 ."—.—-»__m_,- B /

'RATE OF FUICKER REDUCTION (%)

;.; 40 e
¥y 7 _ 5
R =100 —J(mo— ¢)+12.49C
| i | |

20 L R 100

RATE OF REACTIVE POWER COMPENSATION (%)

(0

FLICKER REDUCTION CHARACTERISTICS
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€.3.2.2, Required capaclty of TQC

Arc furnace users set up TQC or Somethingtiiké that‘fo make

Avl

not exceeding 0.45V when AV, is more thén 0.45 V.,
0 max 10 max

(Examp Le)

In case that present AV = 1,0V ié.expected to be reduced

1Omax _ . .
to maximum allowable (control} llmit { AVIO max O.QSV)?
R =1.0=0.45 % 100 = 55 ' (%)
1.0

C % 65.3 (%)
Required capacity of TQC = 0.653 Qmax

- 0.653 12 = 65.3 + ¥ (Mvar)

0 t]

¢ - 1D



' C.4 Operative flow of power supply to arc furnace users (Example)

Are furnace

users

Branch office

Head office

Power sales section Electrical section

Powaer sales department

System engineering dep;

Remarks

(:)_____;._.

o

= .. {Information)  __

Récepfion of oral reference

. Hearing changed details of users' facilities (1)

(1)

€2)

Sﬁheduled date of coﬁpletion, contracted power
aﬁd‘details of arc furnace facilities etec.
Egpiaining congiderable expense and a number of
days is also required for countermeasures on

f;icker'

. Explaining management rules of power corporation (2) ’(3) ﬂain‘circu1t'skeleton diagram, arc furnace
. Requesting documents presentation of referred/technical data (3) . igpedance
! 1
. i |
| ; i
° Reception of reference documents/technical data ; o -
® Hearing required matters for countermeasures (4) (4) Klnd_and makex Qf redu31ng device
(:)b )(:\ (5) Investigating the present condition of all arc
““““““““““““““ _J i - ] ’
o furnace users Wwithin the Same power system
(Information) _ L ' _ . .
(:)' “““““““““““““““““““““““““““““““““““““ }(:> + Operating condition of arc furnace
(j}_ I ; « ‘Main eircuit skeleton diagram
' . ' | - 7 . ‘Arc furnace impedance
; ! Information . . : j
| 1LT___,______nﬂh_.__ _“_iz-.__u_-—-_--a<:) (6) . ‘Various data of AV)g5: estimated value, actual
; Request of technical studies ; : . . measured value at present, estimated value
- é ‘after newly/additidnal installation
_ ; .'Required rate. of flicker reduétion
Data investigation (3) > : _ 7 . Rate of flicker reduction with TQC
(:)< ———————————————————————————— kg ® Preparation of technical studies B : o I ]
: (Acual measurement in advance) . Rate of reactive power compensatlon and
i requlred capaclty of TQC etc.
i . . - . B
| : ° Technical studies (6) (7 Condltions of power supply system (impedance map),;,
i :

~ o $ Forwarding techn:l.cal Ee_n_oft_s_ ot

Forwarding technical reports
| .

i
i

Notice of iﬁvestigatibn results

B

p—y .

° Answer to reference (7)

-

Investlgation

i.
i

S SONALS ENSr A PO S

Notice of investigation results

of study detalls

i
1
i
i
i
i
!
l
F
]

critical hus, required rate of flicker reduction

etc.

c-11



Arc furnace Branch offlce_ . ._Hféd office Remarks
users _ Power sales section Electrical section Power sales department System engineering dep. ;
iZ)' ' ' ° Reception of written application for supply and study data on reducing device (8) (8) Kind of reducing device and scheduled date of
g o ' ) ' ’ installation etc,
Check - Forwarding study data on reducing device ' :
- (e y
Request of investigation . |
Forwarding study data on reducing device \

Information of investigation results

i Y

M Nem S N

Information of investigation results

\" [+) . ) . ) . . -
_:D1scu351on/study on Agreement matters accompanied by approval of power supply
M : . . %
;‘ NS g ® Approval of power supply/making Agreement (9)
: ) i
i : _ : : o
| : Forwarding Agreement (copies) ? 7
i TN L o e e e e e .
; | ? -0
I ! o :
R Scheduied date of I : o A
} ( installation Arrangement meeting to inspect reducing effectiveness
, ). instailation
L
: :
! : i
: ’f}ﬁ ® Planning of actual measurement -
1 .- .
| ? Making Agreement of power supply and
d . demand :
Lo cmee e o)

Completion notice of
installation

o ﬁ____ﬂ_*_w;g{:k___”__m_

° Actual measurement

° Data investigation (10)

3 e e e e i e

® Informatilon of inspection resulﬁs

| © Report of inspection results =~ N

/-:.
Information : 3*) : : i

i

—TrT T T *QIJ ? Actual measurement

.;!%‘ ® Inspection of reducing'effédfivénéss,i

i b s g i e 1,

g Investigation/discussion ,3i

(9)_Céntracteé.power quantity, schéduied date of‘
i .g@pplyiﬁg cdmmendement, gstimaﬁed:alloéation
fdr_éonstructioﬁICOSts, supplying method,

" arc furnace facilities, réquire&'redubtion
-yalue,'redﬁcing device and partnership for

complaints etc.

(10) Concerning zll aré furnace users_witﬁin the
Saﬁe power system . | ' .
.EOperating-condition of arc furnace
,.Main'cirCUitzskéleton diagram }

. Arc furnace impedance

o= 12
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