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REPORT ON
 

TRANSMISSION REQUIREMENTS
 

KETENGER SYSTEM
 



1.0 INTRODUCTION 

Aid loan PDJ 046 TST-72 calls for the establishment of double 

circuit 150 kV transmission (two circuits strung initially) in the Ketenger 

system from Pekalongan to Cilicap a distance of about 120 miles 193 kin). 

The Federal Republic of Germany (FRG) which is also providing financial 

assistance to the GOI for the development of the electrical sector in 

Central Java, is planning to construct 150 kV double circuit transmission 

(only one circuit strung initially) from the Samarang load area to Pekalongan 

to interconnect the Tuntang and Ketenger systems of Central Java. The FRG 

also plans to finance a second 150 kV tie between the Tuntang and Ketenger 

systems extending from Magelang to Purwokerto-a distance of 74 miles 

(119 km). This transmission which will consist of double circuit towers 

with one circuit strung initially, will elso be used to incorporate the 

Garung hydro plant. 

An analysis is made to (a) review long-term transmission require­

ments for Ketenger (b) determine economics of alternate transmission develop­

ment plans and (c) make recommendations on the immediate transmission 

requirements corresponding to the least cost future expansion. 

The analysis considers the effect on transmission requirements of 

the recommended 150 kV interconnection between the West Java and Central 

Java systems. This interconnection which will be In service by 1977 

extends from the Cirebon area to Tegal and comprises of double circuit 

towers with two circuits strung initially. 

2.0 DEFINITION OF ALTERNATIVES 

In describing the alternative tow3r configurations considered in the 

report, the following nomenclature will be used. 

DT (DC) Double circuit towers - two circuits strung 

DT (SC) Double circuit towers - one circuit strung 

ST Single circuit towers 



3.0 

The following two alternative transmission schemes are considered 
for initial implementation in 1977 (See Exhibits 1 and 2). 

Alternative A. DT(DC) transmission extending from Samarang-Timur 
to Cilicap via Pekalongan, Tegal and Purwokerto. Garung hydro is incorporated 
over DT(SC) transmission to Magelang. 

Alternative B. DT(SC) transmission from Samarang-Timur to 
Purwokerto. DT(SC) transmission from Magelang - Purwokerto via Garung 
and DT(DC) from Purwokerto to Cilicap. 

The DT(DC) transmission Purwokerto - Cilicap is common to both 
alternatives. 

Transmission requirements beyond 1977 are then developed for 
each of the two above alternatives and an economic analysis made of 
these two developments to determine the least cost transmission expansion 
scheme. The analysis also considers the possible initial development of 
Alternative B with ST instead of DT(SC). 

COST ESTIMATES 

The following cost estimates are used in the economic analysis of 
the alternate transmission developments. 

3.1 Transmission Lines 

Transmission costs for the Ketenger transmission could 
vary appreciably depending on procurement policies. For the purpose of 
this analysis the following range of costs apply. 

$/mile 

Procurement 

DT(DC) 
DT(SC) 

US Procurement 
55,000 
42,500 

of tower steel 
from India 

40,000 
31,000 

ST 34,200 25,000 



The cost of adding the second circuit on a DT(SC) line 

at some later date is estimated to be $11,000/mile. 

3.2 	 Substations 

For the purpose of this analysis, all substations are 

assumed developed with standard main-and-transfer bus schemes. The 

cost of a 150 kV feeder position is assumed to be $150,000. 

4.0 	 ALTERNATIVE TRANSMISSION EXPANSION SCHEMES 

Load flow analyses outlined in the attached Appendix demonstrate 

the requirement for the following future transmission additions for Alternatives 

A and B defined in Section 3 (only uncommon facilities are indicated). 

Case 1 	Generation in Cilicap area 

(a) 	 Expansion Scheme A 

1977 - DT(DC) Samarang Timur - Tegal - Purwokerto 

(146 miles - 235 kin). 

1989 - DT(DC) Garung - Purwokerto 

(48 miles 	- 77.5 kin) 

(b) 	 Expansion Scheme B 

1977 	- DT(SC) Samarang Timur - Tegal - Purwokerto 

- DT(SC) Garung - Purwokerto 

1977 - 1980 - Add second circuit on DT(SC) 

Samarang Timur - Tegal (91.5 miles - 147 kin). 

1989 	- Add second circuit on: 

(a) Garung - Purwokerto (48 miles - 77.5 kin) 

(b) Tegal - Purwokerto (54.8 miles - 88 km) 



By 1989, Schemes A and B will have the same transmission 

facilities. 

The above schemes were developed on the following basis: 

(a) Transmission should be adequate for the transfer otiD.-j
 

om Central Java to West Java or from West Java to Central Java up to
 

After 1984, the transfer capacity is increased to 100 MW in 

either direction. A transmission outage of one critical circuit is assumed 

in the analysis. Due to the very high isokeraunic level in the wet season, 

this is considered aminimum contingency requirement. 

(b) Generation will be developed in the Cilicap area with about 

100 MW available in 1984. 

The requirement for transmission in 1977-1980 in Expansion 

Scheme B is dictated by very poor voltage conditions resulting from the loss 
of any section of the Semarang - Tegal transmission while delivering 50 MW 
from Central Java to West Java over the circuitous route Samarang - DJelok -

Magelang - Purwokerto - Tegal (183 miles - 294 km). 

The analysis shows that if generation is not developed in the 

Cilicap area, the following sequence of transmission additions wil be 

required for the period after 1977. 

Case 	2 No Generation in Cilicap area 

(a) 	 Expansion Scheme A 

1984 	- DT(DC) Garung - Purwokerto (This represents 

an advancement from 1989 to 1984) 

(b) 	 Expansion Scheme B 

1984 - Add second circuit on Garung - Purwokerto DT(SC) line 



. 5.0 ECONOMIC ANALYSES 

Exhibits 3 aid 4 show investment costs for base cases I and 2 

outlined in Section 4. The second circuit Semarang - Tlmur to Tegal is 
assumed required in 1980. The present worth of investments for both 

cases computed at discount rates of 12 and 15% - the range of opportunity 

cost of capital in Indonesia - is shown below. 

$ x 10
3 

Present Worth @Discount Rate of 
12% 15% 

Case 1 (Generation at Cilicap) 
Scheme A 11,882 11,656 

" B 12,070 11,834 

Difference infavor of "A" 188 178 

Case 2 (No generation at Cilicap) 

Scheme A 12,510 12,270 
" B 12,231 12,000 

Difference in favor of "B" (281) (270) 

Advancement of the requirement for the second circuit Semarang Timur 
- Tegal to 1977 would increase the cost of Scheme B as shown below. 

$ x103
 

Present Worth @Discount Rata of 

12% 15% 
Case 1 (a) 

Scheme A 11,882 11,656 
" B 12,710 12,589 

Difference in favor of "A" 828 933 

A comparison was also made of the economics of base Case 1 
assuming transmission costs based on procurement of tower steel from India. 

The following applies ­



3
$ x0 

Present Worth @Discount Rate of 

12% 15% 
Case 1 (b) 

Scheme A 9,498 9,322 
" B 9,830 91595 

Difference infavor of "A" 332 273 

IfScheme B is developed using ST transmission, the resultant 
investments are shown inExhibit 5 and the present worth of costs are shown 

below. 

$ x 103 

Present Worth @Discount Rate of 

12% 15%
 

Case 3
 

Scheme A 11,882 11,656
 
" B 12,575 12,060
 

The above analysis shows that provided generation isinstalled in
 
the Cilicap area by 1984, Scheme A is less expensive than Scheme B. The 

economic advantage of Scheme A over B is not significant if the second circuit 
Semarang Timur - Tegal is delayed to 1980 in Scheme B. However, it would 
not be prudent to operate with one circuit from Semarang Timur - Tegal for 

,eoowhinr sons. 

\ (a) Voltage conditions during the emergency loss of any one line 
section Semarang - Tegal will be very poor resulting in possible loss of load. 

(b) Stability of the interconnected West Java Central Java system 
will not be retained for faults on the single circuit Samarang - Tegal transmission 
while transferring 50 MW from Central Java to West Java. 

The above reasons dic -two 
eee__ marag and Tegal. This early requirement for the second circuit 

enhances the relative economy of Scheme A (See Case 1 (a). 

The analysis also shows that the use of DT(SC) instead of ST In 



Scheme B results in the least present worth of costs (Compare Case 3 with
 

Case 1).
 

Although Case 2 shows an economic advantage for Scheme B, it
 
is considered very unlikely that generation will not be developed in the
 

Cilicap area by 1984. The proximity to a readily available source of fuel ­
the Pertamina refinery - and the ideal harbor and siteing conditions in the
 
Cilicap area strongly favor the development of steam generation in that area.
 

6.0 RECOMMENDATIONS 

Considering the economic evaluation outlined in Section 5 and the 
system requirement for a "strong" interconnection between the West Java and 
Central Java systems, it is recommended that two circuits be provided from 

-Zeai- Samarang in 1977. The adoption of DT(DC) towers results in o 

The extension of DT(DC) transmission to Cilicap also represents the
 
least cost solution and is therefore recommended for implementation in 1977.
 

Garung hydro should be incorporated over DT(DC) radial transmission
 
to Magelang.
 

Loads along the Magelang - Garung - Purwokerto route can be supplied 
at 20 kV over distribution lines from 150/20 kV substations at Garung and Purwokerto 
By 1984, the Garung - Purwokerto link will be closed and new 150/20 kV sub­
stations could be developed to supply increased loads in the area. 



Economic Analysis 

of Alternate Schemes 

Case 1 Investment $ x 103 

Scheme A Scheme B 

- 1977 
Transmission 
-146 mi. @$55,000 $ 8,050
 
-146 mi. @$42,500 $ 6,220
 
- 48 ml. @$42,500 2,040
 

Substations 
- 20 fdr position 3,000 
- 12 fdr position $11_ 0_ 0 1, 00

$11,050 $10,060 

-1980
 
Transmission 

- 91.5 mi. @$11 ,000 1,005 

Substations 
-8 fdr positions 1 ,200$ 2,205 

-1989
 
Transmission 

- 48 mi. @$55,000 2,640 
- 48 m. @$11 ,000 528 
- 54.8 mi. @$1Il,000 604 

Substations 
-4 fdr position 600 
-4 fdr position 600 

$ 3,240 $ 1,732 

Exhibit 3 



Economic Analysis 

of Alternate Schemes 

Case 2 

Investment $ x 103 

Scheme A Scheme B 

-1977 
(Same as Case 1) $11,050 $10,060 

-1980 
(Same as Case 1) - 2,205 

-1984 
Transmission 

-48 
-48 

mi. @$55,000 
mi. @$11,000 

2,640 
528 

Substations 
- 4 fdr position 600 
- 2 fdr position 300 

-1989 
Transmission 

-54.8 mi. @$11,000 604 

Substations 
2 fdr position 300 



-1977 

ECONOMIC ANALYSIS 
of Alternate Schemes 

Case 3 Investment $ x 10 3 

Scheme A Scheme B 

- Transmission 
-146 mi. @$55,000 8,050

-146 mi. @$34,200 
 5,000
 
- 48 mi. @$34,200 
 1,640


-Substations 
- 20 fdr position 3,000
 
- 12 fdr position 
 1,800
 

11,050 8,440
 
-1980 

-Transmission 
-91.5 mi. @$34,200 
 3,130
 

-Substations 
8 fdr position 1,200 

-1989 4,330
 

-Transmission 
-48 mi. @$55,000 2,640

-48 mi. @$34,200 
 1,640
-54.8 mi. @$34,200 
 1,870
 

-Substations
 
- 4 fdr position 600
 
- 4 fdr position 
 600
 

3,240 4,110 
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Load Flow Analyses 

Load flow studies were conducted to determine the capabilities of the 
two alternate transmission system developments outlined in Section 2. 
The study extended over a 12 year period 1977 - 1989. Summaries of 
the load flow cases run in the study are shown in Exhibits A, B and C. 
Flow and voltage conditions for each case represented in Exhibit A 
are also attached. 

Key load flows which influence the development of the alternate 
transmission schemes described in Section 2 of the report are described 
below. 

Alternate A. 

Test A - 8 1984 load level and 100 MW delivery to West Java, 
no generation at Cilicap, and contingency loss of one 
Pekalongan-Semarang circuit. Voltages in the Ketenger 
system are unacceptably low. 

Test A - 13 Same as A ­ 8 but with one circuit Garung-Purwokerto 
in-service. Voltages and flows throughout the system 
are adequate. 

Test A - 12 Same ris A ­ 8 but with generation in Cilicap. 
Contingency loss of one Purwokerto - Tegal circuit. 
Voltages and flows throughout the system are adequate. 

The above tests show that without generation in the Cilicap area, 
a second transmission connection between the Tuntang and Ketenger systems 
is required on or before 1984 

Alternate B. 

Test B-3 1977 loads and 50 MW delivery to West Java. 
Contingency loss of Pekalongan - Semarang West 
transmission. Voltages in the Central Java system are 
inadequate. Stability of the Interconnected system 
is marginal due to large angles between Samarang and 
Jakarta generation. 



This test defines the requirement for a second circuit 

between Tegal and Semarang in the early stages of 

development of the Ketenger 150 kV transmission 

system. 

Transmission requirements for 1989 were developed using engineering 

Judgement. The transmission additions resulted in the same number of circuits 

for both alternatives A and B. 
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COiTRAL JAVA 
TRANSMISSION REQUIREMENTS 1977 - 198 
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Exhibit B 
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