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ADDENDUM

On April 4, 1978 a review session for this report was held

at PLN Pusat, Staff from USAID, the Subdirectorate for Rural
Electrification (PLN) and the PLN Planning Division attended
this meeting, It was requested by PLN that a summary of ideas
and suggestions expressed at the meeting be summarized and in-
cluded in Volume I of the report. The following represents
this summary,

Load Development: 1In view that load estimates varic..
greatly betwcen the preliminary and final feasibility
studies, it was suggested by the NRECA Consultants

that immediate actention be given to institute an action
plan to monitor, cvaluate and to encourage load develop-
ment practices in the project sites, Particular atten-
tion should be placed on setting load development goals
and the necessary activities and incentives to accomplish
these goals, including the housewiring program recommended
in the report, under the auspices of the Subdirectorate
for Rural Electrification,

It was also suggest..J that the PIN Planning Division
should use these load development goals and reports pre-
pared by the Subdirectorate as a basis for making inter-
mediate and long-range plans and decisions relative to
power supply development and allocation in Central Java.
In summarizing it was agreed that the best way to increasec
usage 1s by providing dependable 24 hour service at a low
retail rate,and that electricity will sell itself when
people learn its value to them,

Wholesale Power Cost Determination: Attached is a report
form,required for submission by REA Power Supply borrowers,
discussed at the meeting, The various line items and ex-
penditures reported on the form were discussed., It was
noted that these plant costs, the operating and mainten-
ance costs and fuel costs are reported anmually, 1t was
sugpested that a sunilar or modified PLN report should

be developed which would lay the basis to determine what
PLN Incremental costs per KW and per KWH are, since power
charges will be the major ftem of operatlonal costs.
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It was pointed out that the NRECA study team did not
have access to this type of refined information and
that the power costs used for analysis in Volume I of
the veport were based on team judgment, and that the
22 Rupiah/KWH for power costs to the mctering point
used in the Klaten Study obviously seemed excessive,

Economic System Design Planning: It was stressed by

the NRECA Consultants that all engineering skills avail-
able should be used to keep the line investment per con-
sumer and per KWH sold as low as possible, One technique
suggested to accomplish this goal was to divide the pro-
ject into sub-areas and concentrate on consumer connec-
tions before starting on the next section, etc. For ex-
ample, by building say 10 Kilometcr of the 3¢ feeder line
and concentrdting on secondarices and 19 Laterals and ser-
vice connectiuvns and perhaps, by doing so, setting a policy
requiring so many energized services per kilometer of

line before proceeding to the next sub-area. It was noted,
however, that many local considerations must be considered
before implementing such a plan,

Material Scheduling: For such scheduling it was suggest-
ed by the NRECA Consultants 3 month intervals be used and
that these schedules include the following items:

a, Rupiah and dollar needs

b, Kilometers of line to be completed

¢, Number of laborers required

d., Number of consumers to be energized

¢, Kilometers of conductor

£. Number of poles

£, Number (and estimated sizes) of transformers
h, Number of meters

I, Miscellancous hardware items

Cost Accounting: The lmportance of work planning and
the preparation of project annual capital and oper=
ating budgets were discussed, and the Importance of
identifying key performance arcas and measures was
uqdurllnud by the NRECA Consultants. The measurenents
OL consumer billing expeases and {nvestment per KWH
sold were used as examples, It was aprecd that
lmmediate attention should bLe slven to these matters

and that before project line Coantruction comnences,
standardized rural project work order procedurces and
accounts be adopted by PLN.
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Retall Rate Development: In view of the power cost analy-
Sis made in the report, indicating that power cost to the
projects could be considerably lower than the 22 Rp, per
KWH to the metering point assumed in the studies, it wvas
suggested by the NRECA Consultants that the PLN Finance
Division immediately re-analyze this projected cost of
service to the projects, and rhereafter commence a retail
rate tariff study for the projects.

It was further supgested that the first tariffs adopted
for the projects he designed to optimize simplicity and
cost of service considerations. §Sinceé consumers shall
be doing their own meter reading it was suggested that
the tariffs be made for easy comprehension and applica-
tion and should reflect the cash income and expenditure
patterns of the rural farmer. :

Project Organizational Implementation: 1In the develop=-
ment of the project organizational implementation plan,
it was suggested by the NRECA Consultants that an analy-
sis be made of potential cost savings that could be rea-
lized through centralized engineering and operation ser-
vices, and that these findings be considered before
finallzing such a plan,

Social Analysis: Since PLN does not have social scien-
tists on employment, it was suggested by PLN that USALD
assist them in recruiting personnel to design measurc-
ments to evaluate social benefits that will result from
project implementation. Also, PLN stressed the merits
of starting a pictorial record of activities in the pro-
ject arcas immediately,

A & E Services: PLN emphasized their requirement CO
USAID that all design proposals orepared by the A & E
be accompanied by design reports substanciating that
the most cconomical design has been proposed, and re-
quested NRECA to provide them gsanples of rural electri-
fication project construction schedules available,
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POWER SUPPLY FOR CENTRAL JAVA.

Background Information:

The power sector currently consists of two major parts, the
public sector, which is synonymous with PLN, the national

power agency, and a large number of 'captive! generating svs-
tems and minor distribution systems owned by hotels, induscries
and agricultural estates as well as a few small private local
distribution systems, In 1976 the total generating capacity

of PLN was 1,250 MW compared to 1,310 MW for the captive sys-
tems, The PLN total includes the 125 MW Juanda hydro station
which is owned by the Jatiluhur (Lrrigation) Authority but
which sells most of its electric power to PLN.

PLN was originally formed in 1945 and in 1954 was greatly ex-
panded through its merger with three nationalized (formerly
Dutch-owned private companies) utilities. A major change in
the makeup of PLN occurred in 1972 following a study made by
an IDA-financed zonsulting team, Among the changes was the
creation of a national monopoly authcvity for all generation,
transmission and distribution of electricity by Regulation
18-72, Under this authority any gencration facility over 25 KW
as well as any significant distribution system must be lic-
enced by PLN. Until the reorganization the system had grown
very little and was burdened with high operating costs and an
old, obsolete generation and distribution svstem,

AID made its first loan (Tuntang Loan 019) to PLN fn 1969 to
rehabilitate generation and distribution systems in Central
Java and this was followed by seven more loans through FY 1974
(total for eight loans =~ $132.4 million); however, for various
reasons, no construction was actually started until 1974, IDA
loans to PLN began in 1970 and to date IDA and IBRD loans total
$348 million. Other foreign afd donors and commercial lenders
have come in more recently and current plans call for PLN capi-
tal expenditures to reach about $1 billion annually by 1981
including about 75% foreign exchange.

Electric generation capacity of PLN has not increased substan-
tially since 1970 and the inereases that have occurred have
come mostly from dilesel stations and gas turbines, Generation
of electricity has {ncreasc! from 2,354 GWH in 1971 to 4,400
GWH in 1976 largely resulting from i{ncreased efficlency of
existing cquipment plus the addition of the Interim generation
capacity. Large new PLN steam stations at Semarang (ALD Loan
024), Jaka“ta (IBRD) and Surabaya (Japanese loan) will be
coming on the line within two yoars and generation is expected

K=1




to increase sharply to over 10,000 GWH by 1981, Cost of
generating power has been increasing from the use of interim
equipment, The construction of efficient new facilities Ls
expected to reduce the financial operating losses of past
years to a comfortable surplus by the early 1980's.

On the consumption side PLN sold 3,250 GWH in 1976 and

assuming an equal amount utilized by captive plants (no records
available), the annual consumption per capita by Indonesia's
140 million citizens was 46 KWH, among the lowest in the world.
This 1s used mostly in commercial and industrial (including
estates) applications (40% of PLN and nearly all the captive)
and by wealthier residents of a few large cities. Efforts to
bring electricity to rural areas has followed two different
lines, In areas outside of the PLN grid there are various
programs of village electrification in which a small dicsel

or hydro generator of 300 KW or less is operated usually only
at night to give power to public buildings, street lights and

a few restaurants and private houses (usually less than 500
total connections), This effort is widespread and is be ing
undertaken by both PLN and Departemen Dalam Negeri (Department
of Internal Affairs, sometimes translated as Home Affairs)
under varicus aid donor and GOI financing programs, In some
areas corveniently located near the PLN grid, e.s,, Bali,

West Sumatra and Noi.h Sulawesi, PLN has extended its lines
into the countryside where it is able to get two to ten percent
of the rural residents to take the service even with a high
connection charge,

In Central Java the PLN grid is further along in development
than in most arcas of the country., As of the end of 1978 the
Province (including the Special District of Yopyakarta) will
have over 500 Km of 150 KV transmission line tying together
the major cities ( and by 1981 tying into both Jakarta and
Surabava) and over 2,500 Km of recently installed pole distri-
bution line sufficient for serving over 200,000 customers. In
carly 1977 the actual number of customers being served in the
arca was 182,000, most still connected to the obsolete systems
being replaced (under AID Loans 019 and 025). Gencration cap-
acity in the area totalled 129 MW in 1977 but will be expanded
to 229 MW on completion of the Semarang Steam Station (AID
Loan — 024) by mid=-1978, By 1981 three additional hydro units
now under construction wiil add 26 MW capacity and the IBRD is
planning to fuad a new 200 MW steam unit in Semarang.

K=2
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Peak generation in Central Java and Yogyakarta in February
1977 was 79,599 KW and 24,500,000 KWH were sold during the
month, Of the 182,000 total customers, 126,000 are unmectered
"social rate" connections, 34,000 are regular metered domestic
customers, 16,000 are commercial customers and only 1,000 are
small industry (minimum 13,5 KW), Sixty seven are large con-
sumers (over 100 KW) which are connected for a total of 17,746
KW demand, The remainder are government buildings and street
lights, - Project Paper Sept,, 1977)

The monthly load factor for February 1977 was 24,500,000/
(79,599) (672) = 45,8% which may be considered as a "typical
operating month for this report.

By mid-1978 it is expected that the 150 KV network tying
Semarang, Magelang, Solo aud Yogyakarta systems will be com=-
pleted and connected to the new Semarang steam station of two
50 MW units, Also by mid-1978 the major load in Central Java
will be inter connected to the 150 KV system. The capacity
and capability of this interconnected system and the isolated
system will be as follows:

- LGl . . -
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MW _INSTALLED MW CAPABILITY

HYDRO: Tuntang 32.48 24,80
Ketenger 7.04 4,00
TOTAL HYDRO ' 28.80
GAS TURBINES : 5590 51.00
Tuntang ; ¢
TOTAL GAS TURBINES:55.90 -
DIESELS -
Tuntang 19.97 %g.gg
Ketenger 17.15 .
TOTAL DIESELS: 37.12 .
STEAM: Tuntang 100,00 100.00
TOTAL STEAM: 100,00 ’
TOTAL GENERATION: 232,54 206.60

ISOLAT!D SYSTEMS:
Small Diesels 6.082 4,998
Large Diesels 4.000
TOTAL ISOLATED
SYSTEMS : 11,01 8.988

4.928

The highest peak occurred in January 1977, Comparative
system peaks are: (MW)

JANUARY 1978 APRIIL, 1978
Tuntang 51.40 50.6
Ketenger 11.85 11,8
[s0" ated 4.43 4.3

IThe interconnected system (Tuntang plus Ketenger) will pro-
bably have a peak on the order of 70 MW in mid=1978 when
Tuntang and Ketenger are interconnected.
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We conclude from the preceding data together with the 5 year
capital expenditure plan for fiscal 79/80 through fiscal 83/84
that PLN will have ample firm, regulated power available at the
20 KV bus to adequately serve the rural system loads, Of course,
as loads grow, additional 20 KV bus capacity must be added,

Long term studies and plans made for expansion of PLN's genera=-
tion and transmission facilities, which the feasibility plan re-
viewed, provide for load increase on exisiting distribution systems
and for new loads in presently unserved areas, It is believed that
PLN will be able to provide necessary firm regulated power to the
rural projects as they grow, provided financing can be arranged,
With no additions other than those described above, PLN's Central
Java System with projected load growth probably would reach its
capability in 1988 - 1990,

PLN's system has hydro - gas turbine - steam - diesel generating
plants making actual cost of power difficult to forecast, To make
the situation more complex, tﬁe largest units (Semarang steam)
which will be base loaded are not presently on stream and have no
historical costs in conjunction with other units. The Team be~-
lieves, however, an approach using the new unit to calculate power
costs for new load is valid. This approach assumes existing gene-
ration has all been "sold" and new loads must "buy'" from new gene-
ration,

Calculating cost of power using anticipated per unit costs of
Semarang steam units and the following data:

Semarang Steam Plant

Investment per kilowatt = Rp, 246,000 ($593)

System losses = 7% generation = 3%

Fuel cost - Rp, 22 per liter

Specific gravity of fuel (overage) = 0,955
Heat value = 9,500 KCAL/Kg
Net heat rate of gen. unit = 2,350 KCAL/KWI

The annual cost per kilowatt of generation and transmission in~-
vestment has not been ascertained, Only assumptions can be made
that hopefully are within reasonable attainability, Actual ex-
perience and detalled analysis of the plant accounts will give
better values,




Generation cost of investment might be of the following order:

Interest 8%

Depreciation 2.9%
Operaﬁég:tgggnce 3.5%
Total: 14.47%

Calculated on KW basis:
$593 @ 14,47 = $85,39 year or $7.12/month

Energy cost can be calculated by the formula

fuel cost/liter X net heat rate X 1.03
specitic gravity X heat value

Equals: §223 EZBSOE §1.032 = Rp. 5.87 or 1.414¢/KWH

A reasonably loaded transmission system should not cost more than

4 mils (4/10¢) per KWH to deliver the energy. For example, 150 KM
of dduble circuit 150 KV line might cost in the order of $i5,000,000.
This should deiiver 150 MW. At 14.4% annual carrying charge, the
annual expense would be $2,160,000 or $14.40 per KW per year, At
50% annual load factor the cost would be $0,0033 per KWH,

The rural loads will be small in relation to the PLN system load

and should have no appreciable effect on the overall system load
factor, Therefore, it could be argued that the effective cost to

PLN and the wholesale rate charge to the rural systems could be

gnsed on the system load factor of 45.8%. Hence, the cost would
e:

Demand @ §7.12 per month, and (8760/12) (0.458)
@ $0,01414 plus transmission costs of $0.0033 per KWH
= 3,87¢ per KWH = 16.1 Rp per KWH

Adding a contingency of 10% would bring the average charge per
KWH to 4.26¢ or 17.7 Rupiah, 1t is believed that a charge of

this order should be consldered pending more and specific addition-
al operating data from PLN.
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PREFACE

This report is the last in a series of reports to be piopared by
the NRECA Technical Assistance Team under contrict wit' USATD,
which required the preparation of ten feasibility studies for
rural electric power systems in Indonesia, under the area cover-
age concept,

During August, 1977, the team issued four separate detailed fea-
sibility reports covering project areas in North Central Klaten
(Central Java), Central Lampung (Lampung), East Lombok (West Nusa
Tengprara) and Luwu (South Sulawesi), The former study was pre-
pared under the auspices of the Perusahaan Umum Listrik Negara
(PIN), while the latter reports were prepared for implementation
under the auspices of the Direktorat Jenderal Koperasi (DGC),
Government of Indonesia,

This report is prepared for PLN and differs in format fiom the
previously submitted reports in that six separate project areas
are combined as one for this study report, Accordingly, the re-
port is more extensive in scope and has been coupiled In elght
separate volumes, Volume 1 consists of summary evaluation com=
ments of the project sites as extracted from the six financial
forccasts prepared by PLN under the supervision of the NRECA Tedan,

Volume 2 consists of technical reference nio erial assenbled by
the team which laid out the basie design and costing eriteriu
used in financial forecast formulation, This docunent also in=
cludes a description of the sites under sctudy and the numerous
steps and analyses that were taken during study development,

The six Individual financial forecasts conprisce Volumes 3 through
8 ol the report, The forecasts theuselves were prepared by the
PLN Wilayah X111, Operating vivision Staff in Senarany, Central
Java under whose supervision the six project systems will be
u|n'l';lll.'t|.

This volume, Voluwe 1, Is divided into rive parts, Part 1 consists
of an evaluation of assunptions used in the financial forecast:

and the load magnitudey assumed, Pare [ I8 an analysis and eval-
gation of plant desipgn and costing. Operating expenses are eval-
gated o Pare 1L, and the financial and cconomie evaluations of
the six projects are pertorsed in Part 1V, Floally, retail rate
levels and structures for the Central 'ava projects are discusged
in Part V. The six project sites covered by the repore are locuated
fn the Yopvakarta, Banyuwas & Cllacap, Srapgen, Pekslongan &
Pemalang, Wonoplel, and Magelany, arvcas of Central Java,
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Special acknowledgment is made to the people and organizations

who contributed to the report, Special appreciation for assist-
ance is extended to Professor Suryono of PLN and his staff, in-
cluding Ir, Soepangkat, Ir, Johannes J, Rumondor, and Ir. Moeljadi
Oetji,

The cooperation of many individuals on the staff of USAID/Jakarta,
under Director Thomas C. Niblock, was important in producing this
report in its present form and on schedule, Invaluable support

was given throughout study preparation by Mr, David C., Woody, Chief
of Power, Transportation and Engineering, USAID, and by Mr, Jack A,
Wright and Ir, Wahjoeni Muhardi,

Cratitude 1s finally extended to all the NRECA Advisory Team
members assembled in Jakarta who had input in this final feasi~
bility report, especially to Mr, William C. Wenner, Team Leader,
under whose guidance and leadership the first four reports were
prepared, aand to Mr, Marion Schwartz and Mr, John Scoltock whose
engineeriny research and concepts laid the foundation upon which
these studies were prepared,

[t is the hope of the Team that the concepts and findings of this
report will prove to be of benefit to PLN, USAID/Jakarta and others
involved in the implementation of tlie subject projects. Data in
this report, refined to actual construction and operating statis-
tics, will be useful to other projects. Success here will be an
incentive for others to seck a similar remedy for electric power
deficiencies in their respective areas. We believe that this re-
port presents a reasonal'le and practical plan to bring benefits

of electric service to » large number of rural people never before
within reach of the op.urtunity,

o / s —_—
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PhITip P, Costas, Economist
NRECA Team Leader
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Warry WL Mhicsteld
NRECA Enpincer
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INDONESTAN T0MS USED IN 'THTS REFORT

Bupatl Head of a kabupaten,
i Camat Head of a kecamatan,
. Desa Village or town.
Kabpaten Administrative district below province level,
Kampung Local district within a desa o town,
Kecamatan Administrative district below kabupaten level,
Lurah Official in charge of a desa or town,
Pusat District center or headquarters.
CURRENCY AND MEASUREMENT EQULVALENTS
U1 = 115 Indoneslan rupiuah
1 - UsS$.00241
= 1 mtll = Us$.001
1 kilometer = L6214 mile (about 5/8 mile)
1 mile - 1.01 kilometery
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LOAD & USAGE FORECASTS ,

A, General,

During the preparation of these studies, PLN conducted
field load surveys in cach project site, Desa household
counts were checked with local officials and each operator
of Jdiesel generators in excess of 10-hp was interviewed,
Analysis of pump irrigation demands was calculated based on
the physiographic and the agricultural setting of each site,

Information on hand prepared for the project paper, especially
the ""Social Soundness" study included in the paper, and the
social/economic studies prepared for each site by the faculty
task team from the Department of Social Economics, Bogor Agri-
cultural University (IPB), Bogor, Indonesia, were studied,

The first feasibility report (North Central Klaten) prepared

by the NRECA Team was analyzed in detail., Upon this data base,
project consumer connection and usage assumptions were made,

For simplification, these assumptions can be summarized and
compared to the consumer connection and usage assumptions made
for the preliminary financial forecasts of the six sites in-
cluded in the USATD Project Paper., In short, both consumer
connection and usage estimates used for these studies wére of
lower value than those included in the Project Paper, with two
notable exceptions, The PLN studies assume a slightly greater
number of potential small commercial and grain mill consumer
connections,

, Consumer Assumptions,

At che lifteenth year of the project forecasts, 190,350
residentlal; 11,381 small commercial; 70 irrigation; 263
prain will aad 131 miscellancous power consumer connections
are assumed, In the pre-feasibility forecasts, 204,950
11,0105 2103206 and 622 consumer connections were respectively
estimated, A slightly more conservative assumption of consumer
connections therefore is made in the PLN studies.

C. Usape Assumptions,

AL the fifteenth year of the project forec sts, averape
wonthly usage for resldential consumers is assumed to reach
50,4 KW 151 KWH for small commercial users; 1,150 KWH for
ireigation pumps; 2,621 KWH for grain wills and 6,250 KWH
for miscellancous power consumers. For the project paper,
98,3 362; 2,685; 5,760 and 4,208 KWH respectively per con-
super class were assumed, Therefore, except for anticipated
averape miscellancous power consumer unage, usape assunptions
usod In the project studles are more conservative than the
initial assumptions used in the project paper,
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D, MW Demand Estimates.

Accordingly, MW demand estimates used in this report arc
of lower magnitude than those derived in the earlier studies,
Combined demand for these six project studies is estimated to
be 9,4 MW during the first year of pr ject operations, and is
expected to increase to 64,7 MW at the end of the forecast
period, For the same six projects, MW demand was previously
estimated to start at the level of 14,8 during the first vyear
of operation and reach 93.9 MW during the fifteenth year of
project operations,

Ik, Conclusion,

In summary, after re-evaluation of potential usage and
consumer connections in the Central Java Area by the PLN
staff, it appears likely that the load demand created by thesc
six projects will reach only levels of 70% of those previously
estimated, Based on this finding, «ud the disparity in the
estimates involved, it is atrongly recommended to PLN that
these load estimates be re-evaluated once actual operations of
the six projects are underway.
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11,

DESIGN AND COSTING OF PLANT

A. The Distribution Plant,

The basic circuitry design used 1s to provide electric
service to the Jesignated "project'" area in accordance with
the site selection criteria discussed elsewhere., The areas
studied were not necessarily defined by geographic or phy-
sical boundaries and in many instances there are unserved
areas of similar density on the periphery, Furthermore,
field inspection also revealed tht many sections of the
three phase 20 KV line will be a '"feeder'" line for service
areas beyond the project. In this context, the design en=-
gineer may wish to question the wisdom of tapering the con-
ductor size down if there is the likelihood of near future
extension into the periphery arecas.

The density is of the order of 75 consumers per kilometer
of line (120 per mile), About 70% of the primary line has
secondary underbuild, This ratio appears somewhat higher
than anticipated by the Team, The total kilometers of low-
voltage sccondary generally exceeds the distance of the pri-
mary (11,55 KV) lines. People live in close proximity in
Desa and Villages leaving as much tillable land as possible
for agriculture,

The Team estimated a lesser line loss than used in the stu-
dies. About 657 of the distribution transformer KVA will be
in 25 KVA size, There will probably be about twice as much
KVA In sizes larger than 25 KVA compared to KVA in sizes

‘smaller than 25, Using the core and "copper'" losses of the
P

25 KVA size would be a conservative estimate of losses,
Losses due to squared current times resistance in the line
would be negligible in early years and minimum in the later
study years, Technical operational engineering will in fact
monitor the system in future years to ascertain the most eco-
nomical operation, (See Table on Computed Revised Losses).

An evaluation was made of the proposed installed distribution
transformer KVA in relation to the diversified demand at the
metering points, The ratio obviously high (and necessarily
50) in the early vears is expected to drop to 3 to 1 by the
5th year and then decrease to the order of 2 to 1 by the

15¢h year, With distribution transformers accounting for
approximately 15% of the distribution plant investment and

up to 907 of the system losses it is incumbent to use prudent
judgment not te Install and energize excessive sizes of
transformoers,

The “"standard" kilometer method used in estimating construce
tlon costs containg 16 to 17 poles per kilometer for the large
conductor size 3 4 lines compared to 12 to 13 poles per

-




kilometer for the 1 ¢ lines. Since it is probable that a
higher percentage of the 1 ¢ lines will have secondary
underbuild, it would appear that there is a margin for pess-
imism in the costs of tLe multiphase lines, By the use of
relative long ruling span staking design for the multiphase
lines, it would appear that lesser units and lesser cecsts
could be realized,

Attention is called to the fact that material prices were
obtained several months ago and were not expected to be
valid after March 1978, Inflation will undoubtedly add to
the prices by the time firm Material Contracts can be exe-
cuted for construction materials,

Some of the three phase 20 KV lines included in these report
studies have been constructed from USAID funds using painted
tubular steel poles and specifications not contemplated in
this study. Since not all areas have been field-checked re-
cently, it is not possible to specifically identify each in-
stance, but to suggest that the A & E firm satisfy themselves
as to what each study area will require,

B. The General Plant,

Over 57 million is included in the six project studies
prepared by PLN including $344,000 for contingencies for
ieneral Plant., Since PIN is an on=-going organization having,
in general, the District and sub-District offices staffed and
equipped with office and communication equipment for their
nominal operations, the team questions the need for six addi-
tional general plants of headquarters, warechouses, staff-
housing, communications equipment, transportation, laboratory
and office equipment, plus contingencies. A careful evalua-
tion is sugpested with a view of using most, if not all, of
these funds for line construction to provide electrical ser-
vice to additional rural consumers.

C. Conclusion,

In total it would appear that the estimate for rural dis-
tribution lines is reasonable based on prices obtained for
this report and should be generally adequate for ascertaining
anticipated loan amounts. A "change of purpose'" should be
considered to transfer most or all of the general plant funds
to distribution plant vhich should absorb some inflation costs
due to delay in implementiation,

6
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CONSUMERS  SERVED  (10)7
YR | JOGYA |WONOGIR' [BANYUMAS PEKALONGAN | MAGELANG| SRAGEN | TOTALS
| 5346 | 5098 3665 5712 5409 4615 12,545
‘2 10730 9935 D284 15257 10423 9771 65,403
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HWH  SOLD
YR [ JOGYA [WONOGIRI [BANYUMA'S PEKALONGAN | MAGELANG| SRAGEN | TOTALS
) 1854 1453 1249 2514 1677 | 1505 10,616
2 | 3748 2803 2525 4561 2930 3029 20,196
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PRIMARY DISTRIBUTION LINES
(KM )
YR | JOGYA |WONOGIR! [BANYUMAS PEKALONGAN | MAGELANG| SRAGEN | TOTALS
\ 201 254 131 273 202 215 1275
2 201 256 132 273 202 215 1279
3 201 254 132 273 202 215 1279
4 201 256 133 273 202 21Y 1250
) 201 286 1133 273 202 215 1250
6 201 256 134 273 202 215 1261
7 201 256 | 134 273 202 2159 1251
8 A T 21175 273 202 217 1254
9 201 247 116 273 202 218 1257
10 201 257 134 273 202 21 1290
11 201 258 | 137 213 202 223 1294
1_2._ 201 rd U e A 2213 202 225 1298
13 201 240 135 273 202 227 1301
P Yy U] o 1739 | o 73 S | 2 02 229 1305
15 201 261 139 27) 202 231 1307
ey s 1 |
UHDERBUILD SECONDARY LINE
LT el . e R ) . sl
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B IS 121 qpie 3| FETg s e 18 | ssg
J S| Ty | S ' ) [ 4 197 167|105 | 553
Lo|==1R) 2 e 125 el L7 108 890
5 41 12 2% 195 145 105 521
G0 152 5 Sy 9 | o g | Sl Y 9 W | LA e | AR OB 50)
751660 £y Ssvayo [ | By clG 200 | 149 103 ps
§78] ST IR | ST ') S | SR g7 e | N2 00 LAY =il 1109 598
9 154 192 75 200 149 110 Y0
10 155 _ . -IF'_“ ) e 200 W 1":.-;_ <l 111 204
i .__‘- Lol ;—:1:41 '_i'_,. — ] e e Lt b L At
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’_I__;_l____‘ 154 19% 100 200 Ja1==E S LI N = e
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IRANSFORMER K,V,A.

YR [ JOGYA |WONOGIRI [BANYUMAS PEKALONGAN|MAGELANG| SRAGEN | TOTALS
\ 8400 6260 6500 105460 6720 7000 45740
‘2 9500 7200 7720 12620 7940 81460 N3640
3 | 12000 5960 9500 15980 9760 | 10300 66500
& 14400 10440 11640 19300 11600 12340 79940
'S5 | 17000 12620 13780 22680 13640 14600 94320
6 | 17600 13540 14620 | 24100 Lhguo | L4600 99120
7 15600 | 14360 | 15340 | 25000 15520 16300 105120
8 | 155800 14650 15500 25160 15560 16410 106430
19800 15720 16420 26540 17000 17320 112500
20600 16340 16840 27340 17720 15000 116540
21600 17300 | 17760 28780 18740 18500 122950
22000 1172660 | 15040 22280 12140 192200 12513100
22500 1 1A140 L 184800 30200 19500 192500 129340
22500 | 15140 15600 30200 19400 19500 129340
S2500 |5 140 15400 10200 19500 19500 * 1291350
—_—r — - -
SECOMDARY LINE € KM )
OGYA  |WONOGIR! |BANYUMAS [PERALONGAN]MAGELANG |  RAGEN | TOTALS
SET) § gl | et 207 | L) groi Y= [ P S ET 75
164 147 198 10 1SHEN | BEN162 215
150 ]G S 175 164 170 152 1034
199 172 1§ 190|183 196 1125
204 139 200 210 195 204 1204
‘ﬁ.'-?l“lu_" l')'i_- 2n 1 25 ___“.‘ii'i el? 26l
220 T T 2% TERCL 216 1304
| 2 214 R ahY 38 | 221 1348
217 31N AN 5 S S | SR & Y 257 221 L3582
24] 22 ) | S R ey 224 1322
24 ek i A ear by bl —chh L L e A3l
AL 2e7 rrd S00 S0 r 4 15046
.;1--. a2 &' ‘; .‘;’.H .‘-_Il-l = _.‘;‘__': : 164046
[T T T e [ YT 230 124 1605 |




e

COMPUTED LOSSES CALCULATED FROM TRANSFORMER KVA (1)
AND REVISED POWER COST (2)

T L 111 i -
YR | KvVA Losses lLosses| Losses | Losses | Sold [Purchaseg Cost
4 | 45,740 | 2,085 [ 631 44 2,760 [ 10,616, 13,376| 570
[ 2 | 53,640 | 2,444 | 745 42 3,231 ( 20,196 23,427 998
3 [T66.800 | 3.040 | 920 | 172 | 4,132 | 27,547| 31,6701 1,344
% [779,940 | 3,644 | 1,104 | 266 | 5,014 35,814| 40,828 1,739 |
5 | 94,320 | 4,292 | 1,305_| 577 6,174 | 47,492 53,666| 2,286
6 | 99,120 | 4,511 | 1,375 | 1,048 6,634 | 60,309 66,9431 2,852
| 7 ]105,120 | 4,792 | 1,454 | 1,299 7,545 | 75,455( 83,000{ 3,536 |
8 (106,430 | 4,844 | 1,472 | 2,434 | 8,750 | 87,501| 96,251 4,100
9 [112,800 | 5,142 | 1,559 | 2,458 9,159 | 101,942 | 110,942 4,726
10 '116,840 [ 5,320 | 1,621 | 3,159 | 10,106 | 112,293 122,399| 5,214 |
11_]122,980 | 5,597 | 1,699 | 3,314 | 10,610 | 124,831 135,441 5,770 |
12 (125,300 | 5,712 | 1,734 | 3,354 | 10,800 135,003 | 145,803/ 6,211 |
13 (129,340 | 5,895 | 1,787 | 3,342 | 11,024 | 146,983| 158,007| 6,731
\4 | 129,340 | 5,895 | 1,787 | 3,565 | 10,947 | 156,392| 167,339 __7._1,_2‘_9_‘

15 1129,340 | 5,895

1,787 | 3,595

11,277 | 161,095| 172,372/ 7,343
|

L = S a——— - - e A rinl forr et S A e § L mmmteareevaliyir-A apmr Semrat—
(1) Assume 5,2 watts per KVA for core loss and 15,8 watts per KVA for
. 'copper''losses in trans, Loss factor=0,11, (2)Pwr.Cst @ 17,7Rp (4.26¢)xKWH

e 25 N =T T e S x $1,000,
REVISED EXPENSES 1
__Revised(3) Add_(4) 2nd Rev, Revised e i
YR Eg;ﬁkq:‘for 8% [OTAL _  Expenses ’ |
Rt ENSES Interes tEXPENSES per KWH | 4 —AF ——
| | 2,122 -0~ | 2,122 20,04 | = s | I e | e
2] 2,814 =0~ | 2,814 13,9 = - ) e
95| A Ta07! ] INES0 -0 | N 49 72| PN 2R ad e = S L]
& | 4,230 61 | 4,291 12,09 = — ! !
(8% | K8 ¢ 00| i1 975 | S 12021 | IRy O e ey [ | L] 2N :
6 5,798 | 314 | 6,112 10.19 .. e ) el 4]
7| _6,885] 39 | 7,279 _9_6_3 (8 S ==
8| 7,58 454 | 8,002  o9ag | | o |
9 | 8,475| 505 | 8,980 8,8 s | )
10 | 9,355] 599 9,954 | 8,74 ‘.,,,_,.__‘ T
(11 | 10,086]| 680 | 10,766 _8,6q A el —
12 | 10,587 | 686 | 11,273 8,4 ]
B | 11,436 682 12,118 8,2 | , = ?
Yo [ 11,940 617 12,557 8,0 , |
15 12,173 649 12,822 8,0 . —— ]
(N Using power costs at 4.26¢ per KWl : J '
(4)Assumes all capital funds borrowed after 3rd year will bear 8% Interest,

15



PER UNIT CALCULATIONS
QN B \ " v N N ' S.:C‘
HULSTUNT  REYRNUE. EXPENSES UK CCST, BXLENET EbISe:
YR |KWH sold|Consumer| KWH KWH | KW ICost/KWH | KW Demapd
1 | §1,74 | 562,03 [ 12,26¢ ' 21,23¢ | 6.61l¢ | 14.62¢ | 4,88
2 1,04 | 319.66 | 12,58 | 15.63 | 6.64 | 8,99 | 3,22
3 0.84 | 250,17 | 13.04 | 14.64 | 7,22 | 7,43 | 2,92 1
% 0,71 | 217,68 | 12,53 | 13,96 | 7.000 | ..9 2,98 ,
5 | 0,59 | 204.32 [ 12,43 | 12,76 | 7,03 57310 | 2582 ]
8 0,48 189,50 (12,19 | 12,05 | 7.16 | 4.88 7,48
7 0,40 | 179.78 | 12,29 | 11.64 | 7.20 A DR20 0| Lald |
3 0.35 | 172.62 | 12.36 | 11,17 | 7.23 3,94 2,15 |
9 0.31 168,45 | 12.12 | 10.95 | 7.27 3,68 2215 | Boleaaic |
10 | 0.30 | 172,91 | 12,03 | 10.98 | 7.30 3.69 | 2.18 K
1 | 0,28 171,93 | 11.96 | g_)_.gg__\___?_:a"z 3,48 2R00 A __’
12 | 0,26 170.09 | 11,93 1057188 17247 3,24 2% Ll | AP
3 | 0.24 | 168,96 | 11,84 10,81 | 7.59 3,22 2,10 3|
% | 0.23 | 167,66 | 11,79 | 10,69 | 7.61 | 3.08 | 2.06 B
5 | 0.23 | 172.72 | 11.74 | 10.87 | 7.87 | 3.00 | 2,00 | |
e Y S Y |EESl] PPe T Ee] f e HUESE |
GENERAL PLANT INVESTMENT (x 51,000)
[VR | JOGYA  |WONOGIRI |BANYUMAS [PEKALONGAN|MAGELANG | SRAGEN | TOTALS _
| 587 587 587 587 587 587 | 3522
2 ————— v
J % A = | e =
i e P S|y
5 109 109 109 109 |10y 109|654
| 6 S =
! e
oE — -
10 269 269 269 269 269 | 269 | 1614
! 2 Laaes
12 ) S8
13 ==
15 204 204 04 204 204 204 1224
1169 1169 1169 1169 1169 1169 7(1163_____J
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OPERATING EXPENSES

A, Cost of Power,

The cost of wholesale power alloecated to the rural pro=-
jects by PLN was computed at a value ranging from 22 rupiahs
(5,3¢) and Increasing to 29 rupiahs (7.0¢) per KWH in the 15th
year of operation - approximately 32% increase., During the
same period the estimated load factor was assumed to i1mprove
by 100%. The increased load factor should decrease the average
cost per KWH, '

One basic premise was that the existing system capacity was
"sold" and the rural projects included in these studies would
buy power from the new generation plants at their costs as
indicated in Section K of the Technical Reference Annex. The
gsecond premise was that the rural project loads would be fo
swoll in relation to the PLN system loads that there would be
no ppreciable effect on the system load factor and tterefore
power could be "sold" to the rural projects computed Lrom gene=-
ration and transmission costs at the overall system load factor.
This was computed to be 16.1 rupiah per KWwH. A 10% contingenoy
wau added, bringing the cost to 17.7 rupiah (4.26¢) per KWH,

Ihis checks reasonably well with a steam plant in the U.S.A.
known to have high labor ¢ st and high maintenance cost due to
fuel problems. This plant had a fuel cost per KWH of 1.13%4e¢
compared to the 1,1414¢ cost used in the report. The 0 & M
costs were under 6%, Adding 3% for depreciation and 8% for
capital calculates the "fixed" cost to be 2.51¢ per KWH at

/i L.F. This then would compute to a total average genera=
tion estimated cost of 3,65¢ or 1% rupiah per KW, indicating
a liberal "power cost" for the revised computations.

h. Other Operating Fxpenscs,

Plant depreciation expenses were calculated at a 3% annual
rats on average net utility plant in the financial forecasts,
On a combined basis this means that the six projects should
attain a depreciatlon reserve level of approximately 35% of
total plant at the end of the forecast period. This reserve
level at first glance seen high, but appears reallstic in view
of the nature of system plant growth assumed in the studies,

Operations and maintenance »xponsen for the combined projects
ave ostimoats Lo start at aboar 1,07 of plant during the first
ar of project operation o increoase to about 2.5%7 of plant

investment durlng the fiftewnth year of operation. The magni-

tude and prowth of these eoxpense {toms appear realistie when

compared to similar expendftures currently belng experienced
rural stemsa in other countrien.

"




Administrative and general expenses of the projects are
estimated to run at about one-eignth of gimilar expenses
currently being experienced by rural systems in the United
‘tates,  Such deviation, however, can be explained by the
difference in anticipated consumer density between the Central
Java projects and the typical rural electric system in the
United States, Consumer density for the six projects should
approach 50 consumers per pole line kilometer five years after
energization, as compared to nn average consumer density of

3 for rural systems in the United States,

For "itudy preparation, consumer accounting expenses were

ans med to run about 40 US centy per consumer per month, This
O mt appears reasonable considoving that a billing program
wilving local collection centers and consumer metor reading

st likely will be Ilmplemented,

. 1 ¥
£ L oS iusion,

Since operating statistics are not currently available to
wwcortaln the validity of operating expense levels estimated
| assumod In these studies, it is strongly recommended that
mal standardized accounting system (similar to the Uni-
rm System of Accounts in the United States) be immediately
veloped and implemented to monitor and control the trend of
‘ wpenses from the pre-construction period through energl-
ation ang syatem coeration. Also, during such period, periodic
1ld be performed to determine actual costs and pri=-
attributed to power supplied to the projects from

e PLN ntral Java Grid,




-

BINED

——

STUDIES,

SELECTED COSTS PER XWH SOLD

CERTRAT JAVA)

EXPENSES INCLUDING POWER

e e =N ORI GINAURPINESTUDY,




ANALYSHTS OF OPFRATTNC EXPENSES TFOR ¢

S1X PROJECTS (S1,000)

—
e

0 & M
| _EXP*

(Hll 8.

Acctg, LX)

CLUM-
eprec,

konsumuqs

Plant

210

249

250

511

32,845

332

1101

65,403

377

1762

92,832

gl

2490

116,068

23t

)H

TPol:

18,46 (]lr
20,907 |

1 lll-.

I\l.l.!_
[ -4
2,059

1/
2,194
’,3JWM

25 f’lJU

:) ‘;i‘”iv

555

612

3286

136,215

4140

153,576

_____LJ 3 B_j_l:

29,103

2 N = ¥
{ 12,484
9

2,)’r

757

5030

167,791

'{_U 3 1L.-‘(‘i

H,.d

wloo--:mmbum-l

7185

5947

179,183

30,931

) t}” |

806

6586

188,068

U951

7869

194, 890

3_1_ t ir
PR ]

601

I.{‘J(
-,b/f

- —!
O

1013

*ldentical uxluwlnvq

ANALYS1S OF

70& M[SA&G
‘0 Plant I' \}\/Lntl'

14

1033

8ey3 |

9917

1182

2,689 |
2,702
j(w‘ ﬁ

200,257 | 34,431
204, 44& 34,773
207,654 | 35, nau!

1194

1098
12055

798 711

210,111 | 35,

OPERATING

1. 6.39

% 81

e io1198: 1 5

incurre

Y'

|
I
1

13114

d for

XPE

y ACCCH

NSES

L b el b

admini

£ 3[_}/1.}'11‘ _,_l_h";(’_

212,049 1

7173

—— 4|
scrative.

FOR SIX PROJECTS

36,625 9,

general and ¢

(RATLOS )

fi‘l. l
Iu:' l."a'l

]!|'“

? I.‘Il.']}l‘-
Pint,




PART 'V

PLIRIAGC TN vORECAL 15



Vv AN ORECASTS
: : Financigl Evaluation,
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Similarly, surplus benefits rerulting from resource savi
and Inereased geonomice activiecy were fivst estcinated for
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FORECAST AND LEV)

i)

PROGRAM FINANCIAL RAVIOS

YR Forecast [Revised T ,
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ECONOMIC COSTS
(FORECAST_ASSUMPTIONS) __ (§1,000)
YR | Revenues! Marginsg| Interest| Deprec }3""'” Cupl(:ul Locax
: < : osts | Addns, L_Costs
4 e (R, L el e - 10790 | 10790 R
___g___ g o it [OCCOY e e e, T - - W 4733 4733___*
3 [ 1302 (952) 339 511 1404 | 2933 4337
% | 2541 | (616) 194 590 | 2173 | 2447 | 4620
S | 13591 (442) 443 | 661 2029 | 2317 52406
6 | 4489 (509) 485 | 72t 3785 | 2042 5827 )
(7 | 5905 (155)00}08:53] 790 4733 | 2565 7298
g [ 7350 | 8 | 561 854 5851 | 1272 B LT [T
FoNTIE02730 | 538 R RdI60 590 7279 | 1063 8347
10 | 10815 1038 | 568 917 | 8292 | 765 9057 | |
111233 | 1189 | 799 | 93s | 9407 | 749 | 10156 | |
12 [13507 | 1174 | 784 | 983 10566 | 2217 12789 i
13| 14937 1336 | 771 | 1024 11806 | 538 12344
(14| 16100 | 1635 | 755 | 1039 12671 | 342 13013 | L_:a
5" (717398 | 1504 | 739 | 1048 | 14107 | 312 | a1 |
16 | 18437 1718 775 | 1055 | 14889 | 143 | 150&! IR
17 18918 1412 154 1079 15673 1397 17070
ECONOMIC COSTS Al
| ___ (ADJUSTED AS _._;«u_r'[ 'TONS) Sox Tone SRl
";;] ! Oper., [(.lxpltnl l'l_'nu!!_ l ’
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f" - - | chlilioat B 23 lwmo {10790 | ____;
| 2 L - EERLE T e . 1T ’i?j.i 45733 _
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| & | 2541 (273) 394 | 390 | 1830 1 2447 1 & ‘?J o B
5 | Taser | 197 | _aa3 | 661 | 2290 | 2317 | 4607 g
6 4489 _ 219 £ 525714728 | 3017 | 2042 1 5_0_;.'{_ = I
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RESTDENTTAL RETALL RATE COMPUTATIONS

SUCGESTED RETATY, RESTDENTIAL RATE:

-t S————t
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RETATL RATE COMPARISONS
LAMPUNG & KLATEN STUDIES
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_}_(_'.!'-l’. .cnul__fl___= _l'._‘.a'l!_‘f_'-_&_lq_l-clv .l_f_l.'_;_lr_?fgj-l_ulw KWl _:;_n_l_d__ KW !:}J_l.x_ﬁ _ KWl Sold

1 ln.:‘! 12,1 8.4 6,7/ 19.06 a.48
2 9.2 12,1 8.% 0.Y 13.6 8.9
3 9.6 £ 8.8 7.0 13.0 8,9

4 8.9 12,1 4,1 /.0 13,0 5.7

5 7.0 11,7 8,0 /.0 13.3 8.8
0 8.5 11,5 1.9 1.2 13.2
/ ].2 11,3 iy .2 13,0 A
4 6.4 11.1 /.1 AL 12.8 o 4
9 <Y 11 0 . } 12,7 o

11 5.5 10.5 7.1 ’ N ]
e f)..’ 10.4% 2 ) ' s =)
11 ‘!.l 10,2 i s £y

14 5.0 10,1 p 4 s




DAL IAL



- .
: |
e e L A e
b . =l ME be Y E:
AVA AR NDinil, KAl
.
STV 8y ST ATTITY A Sreh
o A Al AVED =)
L]
.
\
H
M
\
\
J — . s~
- -"--
. ~ :
<
\ d--"'""‘"—--______
A \.,
——— — AT BT e e
: ‘ ’ -t B s ¥
-'-n.
“
~. -""-v.,_
~ —
S T —
$ —— S
~ ; : ] RAdE
AV DN EFLY. nHAlY
~ —
e =
—~—
=
-
-
.
e AN SR, S e g e T T Ty T R YTy
1 e SIARTA A o T I MR E S HESTIIENS
CUSE
A . -~ C O - - - - - - - - . - - I T _
. - -k a i il i D 220




..um.m

.
.

3
-
\
4
4
3
.
5

ATIN

M

|

T

}.‘TC

y FROM
& wulids e

%
- s

-
'

.
% i

E2DED

e
1£S

®

g ¥y

a8
-dbd i

-y -

RE

1
et A

)

e R e

RE




PART VI

SUPPLEMENARY TALLLY
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TECHNICAL REFERENCE ANNEX
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AUTHORTZATION

INDONESTAN TERMS USED AND CURRENCY
MEASUREMENT EQUIVALENTS

ABBREVIATIONS

EXPLANATION AND USE GF THIS ANNEX
PROJECT BACKGROUND

1, CGeneral

2, Site Selection & Site Descriptions
3, Study Development

DISTRIBUTION SYSTEM ENGINEERING
General

Type of system

System design eriteria

Isplementing the Engineering & Construc~
tion
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BASIC DISTRIBUTION CRITERIA

1, Frequency

2, Voltage, distribution

3. Voltage, service

4, Insulation levels, creepage distances, etec,
5. Voltage levels, spreade, and drops

6, Feeder loading

7. Transformer and secondary systems

B, rvices

9. Voltage regulation

00, Capacitor banks

I, Lightning protection

2, Fused cut=outs and fuses

}. Sectionalizing and switehing

4, Grounding

5. Conductors, type and kind, economie slze
6, Mechaniecal design considerations

7. Indonesgfan eonditions
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MATERIALS AND EQUIPMENT

» Source, type, procurement, handling
. Poles

, Crossarms and anchor logs

+ Line conductors and service cable

. Revenue meters

, Other materials
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PRICING = ESTIMATING COST OF MATERIALS
LABOR COSTS
General

Rate of pay for construction erployees
Rate of pay for operating persunnel
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ESTIMATED CONSTRUCTION COSTS FOR DISTRIBUTION
SYSTEM (Approach: Tables)

"Standard Unit" and "Standard Kilometer"

Unit Costs = Mid 1977

Three phase = 477 KCMIL AA Conductor

Three phase = 4/0 AA Conductor

Three phase = 1/0 AA Conductor

Three phase = #2 AA Conductor

"Wephate = #1/0 AA Conductor

"Wa.phase = #2 AA Conductor

Siugle phase = #2 AA Conductor

Single phase = #4 AA Conductor

Jdngle phase 3-W Secondary = #1/0 AA Conductor
St le phase 3=V Secondary = #2 AA Conductor
Single phase 2-W Secondary = #1/0 AA Conductor
Single phase 2-W Secondary = #2 AA Conductor
Single phase 1=W Service and Merer

Single phase 2-W Service and Meter

Three pLﬁhﬁ 4=V Service and Meter

Three phase 4-N Transformer Metering & Service
Transformers = overhead pole type
Miscellaneous standard units

CENERAL FPLANT

HOUSEWIRING PROCRAM AND ESTIMATED COSTS

POWER SBUPPLY

Manpower needs for system operation (Table)
Compos ite manhour rates-construction tables
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CURRENCY AND MEASUREMENT EQUIVALENTS

INDONESTAN TFRMS USED TN THIS REPORT

Head of » kabupaten,

dead of n ke camatan,

Village cr town,

Administrative district below provinee lwel,
Looal district within a désa or town,
Administrative district below kabupaten level,
Offieial in charge of a desa or tow,

District senter or headquarters,
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AEBREVIATIONS

Aslan Development Bank,

Architect and Engineering Flmm,

Arpere,

Provineial Economic Development Of'ficer,
Planning Board of the Govermment of Indonesla,
Agricultine Credit Program,

Badan Kredit Kecamatan.

Bank Raloyat Indonesia,

National Rural Utilitles Cooperative Finance
Corporation (U.8.A.).

Caradian Intemational Development Agency.
Cooperative,

Condition Precedent.

Dirvetorate General of Cooperatives,

Dbt Service Coverage.

Hetional Product,

{ivas
Govermment of' Indonealin,

(igmeatt hour,or a billion watt hours,
Horusepower,

Intene tiona! Dovelopment Asency.

world Bank,

Invitat icn for Bid,

Interyovervenntal Group for Indoneala, th
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Kllovolt=Ampere,

Kllowntt,
Kllowntt hour, or a thousand watt hour,

Hatlonnl Ingtlitute of Feonomica nnd Soeclal Reasearch,
Ioad Factor,

Vepawatt,or cne millicn watts,

National Electric Administration of the Miilippines,
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Prolect Assistance Completion Date,
Indones in Control Bureau of Statiatlies,
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A,

EXPLANATION AND USE OF TECHNICAL REFERENCE ANNEX

This document consists of base information, estimates and
calculations compiled by the NRECA Fenaihiilty Study Team
and USAID/Jakarta personnel prior to the preparation of the
i subject financial forecasts found in Volumes 3 through
8 of th's report,

The document includes salient information which describes how
the six project arcas were chosen, what steps were taken in
study formulation, and how plant costs and design strategles
were developed that subsequently set out the parameters for
forecast preparation, Accordingly, the document should be
read in concert with Volumes 3 through 8.

The document should also be read In concert with the "Summary
Evaluation" document (Volume 1) of this report for reference
to matters discussed in that document. Primary reference in
this connection should be made to the power cost and the re-
tall rate sections of the Annex, )

In short, this Antex is primarily designed as a reference doc~-
ument; accordingly, the reader sznuad peruse the table of con=-
tents of the Annex for specific data sought., The Annex, how=
ever, is also arranged to assist those readers who desirc to
read the entire Annex from beginning to end for background
purposes,
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FROJECT _BACKGROUND

L

GRERAL,

Tha Goversimant of Indonesia hay determined that elsetrie service shall
be m Intepgral part of 1ta dewlopmant progeam for all the people o
leg 3,000=md=mote 1nianda, Mual alestrification 18 to be ane of the
eaaential elemonts in the rplementation of this poliey,

Asglatance In this undertaiting has been roqueated of the Inited States
Apeney for Intemational Development, and IBAID has expressed intereat
In such u project, Pattems wxd experdence for full rural electrifica-
tion mre avatisble in the USATD-azsitled progmm in the Mhillppines as
well as in the "2-yoar-old suepeas of the Rural Eleetrification Admini-
atration o nearly 1,000 ruml electrle comeratives In the Unlted
Jtates,
WAID oontmeted with the Hatlonal Rural Electrification Cooperat ive
Ampociation (NIECA) to mie a pre=feasibility study to detemine what
potentianl existed for establiskment of povermment=assisted cnsumer=
omed eleotrie dlatribution syatems in Indonesia, The report of the
HIGCA Study Toam, pubillished In May 1976 as RURAL ELECTRIFICATION FOR
INDOHESSTA, concluded that there were myy densely populated rurml arens
within med beyond the reach of the natlonal power prid syatem while)
oould support area covoram rural electric utilities.

The findinegs: and reconmendstions of that study were based on the Pr=

mise that such aystems would be conomiecally conatructed savd operated

In arens whore the topognaphy, concentmtions of pogidaticn, and the
socnemic base, offer a satisMoetory elimite for such an undsrtaking,

It was recomilzed that If adequate eapltal financing and administrat ive
capabllities weme provided, then the prinelple requiremonts would ex=-
Lt for 4 roal eleotriflent lon program whilch eould bring better 1iving
conditiona for millions of the Nation'sn peor pecple as woll as esonomie
benefits to the country ab larys,

The lalmnds of Indmesin streteh 3,300 miles from east to west and 1,000
miles from v2orth to scuth, coverlnge o, aren whilch makes this the sixth
resat nation In the world, Tw ponilation of 150,000,000 wdies Indo-
neain the Fifth mest populons amnge the nations, The wealth of foeate
fnd agriouitur.l land, of minerals myl water resourves 18 stlll lareely

'!'_I' § :.'j,'oll ‘-.l'

I'ndoneaia's necols have not, a5 4 Whale, beai ahle Lo benefly fve this
wonlth of redowress, 1t oy been deayniitimtsd Lhst ural elected Mleatien

L cpeninge the cantiy's woalth to developmnt and in eprend=
Ing 1t benefita Lo the muent petoentame of Uw pealntion sifch 18 (e

' _._1..’.‘. 15 l‘
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Hore than thmee=fowths of the tamllies o~ these 1alands depend on
farming and other gl endeavors, and yet It 1s in thesfe mural arvas
where poverty 1s moat wldespread, 1t s Interesting to note that
fewer than one out of a hundred rural familles hnve eleotrielity, in
pontrast Lo Jaknrta where it is used by 24 out of 100,

The State Electricity Interprise, Perusahaan tmgn Listrik Negara

(FIN), haa besn mikking mood e of the eonalderadle water power po-
tential on Java, Jumatm, and other islands. Petrolewn ia both
abhundmt and chenp as an mengy aource for 2lectrieity in Indoneanla,

An the world dempnd for petioleum continues to pxw and joiown reseves
degrenie, this Muel will soon haw to pive way to altemative aciuncen
of ermiyy’s G b 1ol been NUlly exploited but this, too, has Tinlte
Umitationa, Fortunatel, resource exploration Indicates ample supplies
of cenl whileh ean Lo developad to Miel e larpe penerating stations in
oordin tion with the contry s hydro meratine planta,

e penemation of electrdeity is not seen, therefore, as 8o much of a
prebiem s rural distelbutic, systems in developewital plamning for thw
peonle of Indonealin,

A teault of the snpouraging pre=feasibility report In l‘l?(-. the
et of Indinesia hss expressed continuing Intereat in WIAID

e for rural eleoterification and asied that feasibility studles
oasred for ten distributior systems which could be chaerved as
nilot prvdects In matleipation of m expandinge progrss for service Lo
el arvas,  Flnanctal ssaiatance In Lerms of low=Intereat, lonpg-tomm

balnge posamt Prosm 1SATD md other Bllaterial fomdim

intanoe donor ocuntreles for this inltial ataee, depending upon a

factory feasiblility, ~

Wiy reuentad by the Govervent of Inocnesia that three altes,
rtral Leping, Eaat Losbok, and lisiu on Bulswesl, be atudisd in full

by NSNS (o connerat st P e Tpatpie _:;:‘a;;g}fnu_ tm 1simvds other thee
ava., b owsa determinsd, then,that NECA feasibllity studlea would be
presaivd DopP ooye Y Hoyoyass s 1.'-""".‘: in Java whileh eould be t 1"'1
finkEns tiase TN _r_.§"

1) " | Lés 2. 340,

INALID agtraotsd wlith NIFCA Lo Pield 5 team of rueal elsotrifloat ton

eolnlista with sy years of exerience In mnelneering , cconomlos,
and peenl 141% te preyate Densibility studles to pivwlde a basis for
y prodoet provosal e oa vl eleotrlMest ion 1o, A 8lr=mpber
toan Aarlend In o alceea D mtd-Yared sl beog 1spediate 104 study
" 1= sina e Sy Yins f'.". 378 | g Py | .';1!--3'14..! A& w*-‘ll L§53 A

; in u iniaty for Tranaalmat lon, BapeEer, ad Ooger-




Telpy Investipatlon and snalysis has depended heavl ly en Information
aupplied by Indonesinn sources and wpon puidelines fyom both the
Government of' Indenesia and USAID, Prvparation of the fensmibllity
atudles 1o predieated on the smerlence of' these rural eleebrielation
ppecinlista In variows countrien of the world in addition to the
ihillppines and the United States,

Mils report covern .2 Inst alx of the ten project atudies prepared
by the NIRECA Term, Three of these are for consideraticn by the IGC
wyl geven are for YiN. Meld ]\31_0;;’ basla dat n, e maps have boen
prejared for all areas,and thia Information 1s belng placed in USAID
f1les for futume use,

There are mayy, many other areas in Indomesin where aimilar projects
could be indertacen with excellent prospects f{or suceess, It 18 re=
commended that the Directopate Ceneral for Cocveratives nnd PIN
collaborate on a Joint national power survey to determine the most
fonalible wproash to o promam of total nation=wide rural eleotr! -
eatlon, Mo resources of manpower und money will be requirsd

to electrlfly Indonealsn, Tt in canentinl, thereforwe, that before such
haavy commitments are made for rural electrification, the very best
plan of actlon be amveed won and adopted,

S 1E SEINCTION R SITE TESCRIPTIONS,
T e a — — —  r — —

wreen the HIECA Tesm was requeated by P and USATIVIAYARTA during mid-
ey 1677 asglist PIH in the preparation of soven engineering nxd

feasibility studles for aren cowrame ural elestrio distribution gya=-
temn, FIN mnd TOATIVY tolntly had declded to locate these revern Ay E Lot
in Conmtral Java, The NFEOCA 'Tvam auntorts this dectialon Mo pro oot

vidloral lmplemntation for the tecniionl sonaldemt lons involwved,
hieh Inoluded excess mnemtio capaoity in the PIH Wllayoh XTI avst m,
2yl o aLlibility in avniem desim intemation,

Iy after prajest ldentifioation wna pade on a yepional basls, NRECA

TeNm peelarn were pegussted durlne early Jime 1977 to ssalst MM st
...:‘.‘, ._= ' '1’ PRy ’i'"'»j- UFIE ;,l.‘.t‘_ '-'f. tie ft-"t*"_-'!-““l- mreva tn =
|

nuthiionl 1y datoremin priorities tn tie gaven prvent altes fop ;-h:vjvw:r!

vialuation, Baaed cn oo il Gl tecinionl ponsldemt z".ll.!-'?. first prlority
TR oSt Bty was given to the Kisten slte, Accordingly o Lhils was

e | e oo whlon o study was prepared (Awesust, 1077).  Durlne

Whia pivcess of sllo selatin  alequate oonsldermation WO plven to apet:
OTe B resaonshly Srong and proselng de and fope elmtple servies e

' pected, oyl re e resilting terefits of electrifMont ton ane

LYY the ooety, Joreover, eadh slte selected has extremely Wi popi-
18 ' ities, were thotmes wyd 1lving standants are iop “WiliE, Blp=
A i ™ 1 » ] [ .
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Klaten,

—————

Klaten, selected for one of the it pllot rural seprvies distrlots
by PLI, 13 a rlch agrleultural aren spread out at the base of M,
ferapl, It has an economy based on ri ce, nupar, tobacco, coconuts,
and cassava, with some cloves, peanutas and cof'fee., About half of
the fmwmlands are lrelpated rice paddies and suparenne flelda,

Most of the Liimtion is by mravity flow but there me some pungs,
TWo or three erops a year are produced on the frrimted 1and,

e dealmiated service area s north of the elty of Klaten, and lo-
cated betweon the two old aultanates of Surakartn md Yopyaknyta,
This 1s reported Lo be me of the moat: dersely populated maral sect-
iona of Java and perhaps in the world, About 51,000 familien llve
2 98 adjoining villages.or the whole population, 872 are
eported to be furm fMaml lies or Mum 1aborers, OUHers own or wors
hdvwiprles or are constrmuction laborerss, MNore than Ltywos=
thirds of the amall induatrles er busineasss e In preceaninge
arriculiural nrodie

.-

T A A TS
L

et LA oL LM,
e e i e ey Y e

This aren a3 1ta nam Implles covers a almificant porticen of the
puiated arens of two districts shich 1ie on the north

Wl plaln of Gontml Java about 90 km went of Jervunang, Foow

mically it 18 5 rlee ot sugmvowl but 1t 1o aluo Memcure for

olorful handprinted batik and basboo hyllemMa,

rairey 1
L & L]

e proposed )l slectrifiont ton will be constmctad to serve
109 '.!!1?-:."'-’. midway between the two districts each with i avemre
f 12, total housea, e population of thia dizerete aren is

<) poople, oo lating of 52,176 fmilles, The pepulation doe
J AU 1181 poople/oq. kon, Mese villamsa sre camected by services
18 dirt roads ard e without electrielty excert fhr the viliam

U rajen which has 5 50 KV penemtor suwonliad by the Provinelsal

.
i1 | ie in this praject area 1ive in B,787 pervanent housea ey
{ o 0% il porvanent houses, It 15 estimated that 628 mre fareeny,
e fam lshorers, 3 are costegetion inborers , 15 are sty
HOTSEE, £.08 are mrchanta ) F are povenreent employees rnd 12 are
penia f omers e e M cottaps Industrles whioh eol 180t i\ﬁ"'i:.’ 1=
pleg 1,757 laborers, Y wneml eiasai Mot i 23F of Suse Indetries
‘ iture procesaln ¢, 228 are textile Mbrlention and WeRVIng
SHRMTIY, 15T are metal Industiy, 238 are wood processing rexd wood
eleal indu LY, &l 9,88 ave eorsidenad




1l fLE 1 1l
hore e 76 e
17! !‘-' 'fll !

prine’pal agerioultm

Avn,

ut e (floea, 73

A1 puprens . spl 19

vt itioners of medicine,

b s4 ]
: d l,.ri, o A ] -
L] v i i I|'_ ] '
b ] sl & v
1 avil g
ikl ul vy
L ]
1 i LIl L
A ' v " 4 t ' | veaelt
] L ]
L) * L] L ]
' i 18, ¥ ' ™ ' By
L . J el -
. ' o 3 4 ' " [ ] ] [ i
. - | 1%t ' -
. g "
L] .
- 43
L) ' " % LB | I'
. ‘ .
i v » \ ¥ ] ) i i
' ¥ ' " ' ' 1 & . ' -
LIy i ~ i=
. ¥ L] | r
' ! i the nay 'n
LI L L] ' T f » # anceint ] |
{ L] i [ ]
- M L LT q : |
4 L ]
- ya " R % § ¥ ' ¥
‘ i ] .
. . i ¢ g ¢ ' 1 | ¥ M B oan it | I ]
] L] $ ¥ . P .8 L)
]
: | y F | " .
- L]
4 - a4 v r ¥, BEE
] ' s
$s M g
5 L *
» L] '
' : _ ' i i P &) M 3 s
'
1 ' t AW v
L] ‘ [
: ' 3 i * . ¥
» ’ U L 1% :
4. * ie
L] » | ¥ .
) » I} M % L
)
» [ ]
L
1 ¥
L ’ » M
F L]







and farm laborers, 24% are other wape lahorers, 8,5% are salaried
professional workers including govermment employees, 5,5% are mer-
chants and 1,5% arve pensloners. 'here are 1,10/ known cottape in-
dustrles within thls probosed service area which collectively em-
ploy some 7,260 laborers. 'The land area used for prowing rlee and
sugarcane Melds are,llke the Klaten area, Intensively farmad wlth
1ittle space or water wasted. The lrripation system 1s malnly gravity
'low, but there are presently 117 water pums In operatlon and thls
number will no doubt increase with electriflication as there are

seven separate streams which flow through Bantul District., Accerding
to a recent survey there are 72 rice storage houses, 120 ricemills,

6 Agrleulture cooperatives and 33 eredlt apencles now in operation
to serve the farmers in this area., Besldes rlce and suparcane the
other prineipal crops are coconuts,corn and soybean,

The proposed rural electrificatlon service area has 107 village of-
flces, 22 meeting halls and 5 clinles staffed with 20 doctors, 38
nurses and 16 mldwives, ‘There are also 163 tradltionnl loeal practi-
tioners of medicine, Fdueation facllities Ineclude som» 181 schools
staffed with 1,622 teachers who instruct 33,410 puplls, There are
also 136 mosques and churches in this area,

According to Mnistry of Interlor data the people own 7,952 radios
and 499 television sets,nhich are immn by batterles or from smoll
renerators.  The present kerosene censumption in thils proposed ser-
vice are Is approximately 788,273 1iters per month.

Wonogirl. 2
Wonoglrl lles on the southemrm base of the 3,265 ineter bulk of Mcunt
[awu, approximately 30-40 km.south of Surakarta, President Suharto
prew un In a small village about 10 km. furtier to the south.

The proposed rural electrificatlon project will be constructed to
aerve 54 vliilages that are scattered within 3-4 km. on elther side of
the main hlghway connecting Wonoglidl to Pacltan in the Province of
Bast Java, The area 15 entirely mual, The average nunber of houzes
in each of thepse villagea 1g 647. 'The populatlion of the proposed
service area 1s 167,081 people consisting of 20,905 families. 'Mhe
denslty if 872 persons/sq.km,

The 19740 cditlon of Gulde to Java degeribes the maln acecess road as

oo 8 punlohing 30 km., atretch of pot-holed road ... bearable only
nea,  PLN; HEECA, USATD fleld trips confirmed however, that all of

@ villagen are reachable by Jeep and that the area is devold of

lectriclity, fMThe level of economle activity on the surface alzo ap-
peared Lo be less than in all the other Central Java sltes except
crapen,  Moreover, estimates bagsed upon soclal economlie surveys and

(18 of" the villag leadera Indieate that 62% of the inhabitants in
thAs aren con af'ford electrlielty under the propram deseribed and will




e people in this proposed service area llve in 2,005 permanent
houses and 32,202 seml permanent hou:u:;,. It 1s n.;l.lnnl:er_l that 60% are
Carmars, 24F are farn laborers,2% are consbructlon laborers, 6% are
Industry laborera,3f are merchants, 5% ave pensloners, 1% are
povernment employees and 34 are others. Mere are B cottape 1n-
rlu...;trm, which collectively employ 2,051 laborers, By peneral
classiflcatlon 22% of these Industries are 'u*r'lc*ulimo processing,
N,7% are textlle fabrication and '.-:‘.whnf Industry, 26% are metal
works, 9,U4% are wood carving and a aw mills, 265 are non metalle or
earth Induxtry, B.7% are listed as "others ’.

M estimated 174 of the total land area is lrrigated paddy/rice and
sugarcane t'lelds, e lrrigation system ls under developed and
reneral  pravity flow,but there are also 9 water punps In operation

in this service area, A sigmifleant Ineresase In the numbers of irrvl-
ratien pumps 1 expected after electrificatlon, ‘here are presently
il ples storape houses, 8 agriculture cooperatives, 19 rleemlills, and
11 _'\7"-'!1’-‘, arpnicios to serve the area's farmers, The prinelpal apgri-
culture erops are upland and lowland rlec,supareane, corn and cassava.

T proposed Wonorinl service area has 48 village offlces, 33 meeting
halls and 7 elinles, staffed with one doctor, .l, nurses, and 8 mldwlves.
v aloo 170 1ocal mediecal practitioners, Fducational facilli-

s Le 12 'r“.m]‘ gtaffed with 853 teachers who instruct 27,143
pupils. It ig ect ismtwl that 37% of the populatlon have r:r"_ulu.ltur_l {'rom
olementary sel ml 3% from J  hiph school and 2% from hiph school.
here are also 49 mosaues and courches In thls area,

1
1
|

e Mnistry of Incerlor data show that the people own l) ,072 sets of

radlos and 119 television sets,whlich are run by batter 1r-.. o from small |
penerators.  The present Kervsene consunmptlon for this area 1s estimated
to be GBE,128 llters per month.

Orapen 1o Joeated 20-30 kilometers north of Surakarta and is on the

odee of the draught prone "erdtleal mea" of Central Java. However, the
Honpawan Solo plver and other smaller tributarles {low throwgh the pro-
posed service area go that electrically powered lrrigation punps could
nosuihly turm the exlating prey, dry upland rice and cassava flelds Into

Thah weeen rice 3'1”-

The proposed rural olectrifixtlon prolect will be constructed to sorve
U7 villopmes with a total populatlon of 134,278 people conslsting of
ed,5208 famllien. UASTL ;r'_:l]'u‘ 1om '!"IL’“"\' in ."'.'r"' [t -?uln per nquare l110=-
:..:_ [ SF, n. I (B4 i 4 1 'I" ‘I. i'”‘llll

] 'n this gervice area live In 5,157 permanent houses nnd
! ! permanent houges., There Lo cne 350 peat thsalor at the vil-
ey of wlone witeh 1n in the center of the prolect aren, Gemolong




also has a 50 KVA dleel penerator provided by the [’:'ﬁvlnrz.‘ia.l. Govern=-
ment .J‘\lrm provides electriclty to about 75 customers, 'The rest of
the area ls devold of electrlclty., 1t 1s estlmated Hmt G0% are
farmerg, 26% are farm laborers, 3% are cottage Industry laborers wlth
0.2% small Industry owmers, 2% are merchants, 6% are salarled includ-
ing, government employees and 2% are pensioners, ‘'lhere are 87 known
cottape Industrles whlch collectlvely employ 1,526 loborers, By meneral
olassification 19% of these industries are agriculture processing, 2067
are textlle weaving industry,3f are tobacco industry, 9% are metal
industry, 15% are craft/non-metal Industry, 127% are sawnllls and wood
processing, 2% are rubber plastic and chemleal industry, 18% ave
"others'.

An estimated U5% of the total land area iz ralnfed paddy rice and supar-
cane flelds, 'J‘,.r.-\ irripation system is generally underdeveloped and
where exlsting,mravity low, hr.lL there are also 191 water pumps in op-
eratlon 1n this service area. This nunber will surely increase with
electriflication. 'There are 109 rice storage houses, 51 rleemills, 8
agriculture cooperatlves,and 202 u‘fﬂlt arencles to gerve the area's
farmers,

The ural electr!ification service area has 36 vl l lage offlces, 32 meet-
Ing halls and 5 elindes stal'fed with 3 doctors, 23 nurses, and 11 mid-
wives. There are also 153 traditional local practitloners of medlelne,
Fducational facllities total 142 schools with 1,030 teachers who Instruct
21,603 puplls, It is estimated that 22% of the Inhabltants of Clls area
have graduated from elementary school. 5% from Jr. high school and 3%
. from high school, Tere are also 142 mosgues and churchee In this ser-
vice area.

.

According to (Unistry of Interior data the people own 2,524 radlos and
110 television sets which are run by batterles or {rom smail generators.
The present kerosene consumpticn In this service area 1s 610,174 liters

per manth.

Mils arca 1g located about 15 km. west of Purwolierto In Central Java.
It conalata of some 36 villapes which 1ie within 3 or U kilometers on
tther nlde of a 00 kllomter streteh of the maln road whilch conmocts
Purwokerto and Banlar/Tilamls in Weat Java,

Traveling west from Purwokerto,the elevation rises fron 20 meters to
hout 400 meters above sea level and the terraln becomed hilly with

i f the road paralleling the 11 Haur river. 'he area s entirely
runl with the central village , Wanpon,having anly 1,274 houses and the
et | "9 i1 1ae averacslig only "".I.'"' nounea, .E‘I" I"'['!II'?: fon 18

156,975 conslating of 30,313 famllies. '1Ye density of 791 people/cd. lan,
s the lowest ' all the proncoed Java nites, e 1970 editicon of Gulde




to Java deseribes Wongon ".. .85 the cleanest and prettlest town In
Central Java with neat houses set well back of the road behind white-
washed fences of spllt bamboo .. M Wanpon has a small generator pro-
vided by the milltary which provides eleetplelty to some 24 customers,
The rest of the area ls devold of electirlelty bub PLN hag constructed
a 20 KV 1line from the 20 MW substation at Purwokerto to the edge of
the area so alil that ls required 1s a 0 KM extenslon of this 1ine
and the congtruculon of a distribution netiwork,

[t 1s estimated that 8U% of' the people ave fmmers or farm laborers,
8% are salaried workers including school teachers, milltary and
povernment. employees, 5% are merchants and the rest pensloners and
"others". They live in 29,001 seml permanent houses and 913 permanent
houses, They shop at ::rwnn 565 stores. 'They enjoy two movies houses,
2ach having 500-600 seats. There are 226 known cottame industries In
the proposed service area which collectively employ 2,604 1nborers.,

However, the economy 1s based upon agrlculture, particularly rice,
com, cassava, sweeb potatoes and peanuts, Cloves are also grown as
a lucrative r'“ th erop. An estimated 32% of the farmable land area In
the proposed service area ls rlce (lelds but most of that 1s non-
lrripated raln fed. However,tlhiere are some U4 water pumps and this n
number will surely Increase with electrifCleation., ‘There are 38 rlee
storage houses, ‘ ricemllls,5 agriculture cooperatlves and numerous
credlt mencles to serve the area's small farmers,

™e 36 villages have 29 offices, 28 meoting halls and 6 clinles staffed
with 3 doetora, 13 nurses and 9 mldwlves. 'There are also 152 otler
more traditional medical practitioners. Fducatlon facllities total
som? 122 school with 770 teachers who instruct some 24,219 pupils, 'There

are 219 mosques and churches 'n the area,

According to Minlstiy of Interlor data, the people own 2,317 radlos and
82 televislion sebs, which arve run by batterles or from small generators,
e present kerosene consumptlion within the proposed service area 1a

egtimated to be 672,590 1iters per month,

STUDY DEVELOPMENT,

——— I ———— et S ity e

Following the ldantificatlon of the proposed project sites durlnhg June
1977, a number of Inter-1elated surveys, studles and analyses were made
that led up to the completion of this report and Its six subject feansl-
billlity atudy cstimatea. Chrenologleally these events took place.

ring June and July 1977 following alte selectlion, a field survy study
. hoe palient soclinl and econanie factora relatineg to the estab-
Hehment of area coveram rral electriolty In the seven sltes took place
aeparate LGALD project prant was made ‘l',".'?_f'llvl" Lo conduct thio 1v=
Ieh under tl sildance of D, Fu.Chnda (USATD contract Anthropolopglst)




and ', Phillp Costas (of the NRECA Study Team), assisted by a faculty
task team from the Department of Soclal Economles, Bopor Agricultural

nlversity (IFB), Bopor, Indonesia, e IFB team also Included 16 fleld
lntervierers., ':-‘n:* detalled Informatlon conceming the IPB study, re-

fer to the "Soelal Soundness Analysisstudy prepared by Dr, Okada in-

cluded as part of USAIDYS Prolect Faper "Indonesla Rural Flectrielation
", dated August 1977.

Based on data recelved from this study,and vlllage proflle, mapplng

and techniecal Informatlon provided by PIN for the seven &ltes, pro-
iminary englneering desipns were prepared and costed-out during July
for the seven glites, excluding Klaten,by the NEECA Team. Addltional
data was pathered for the Klaten study during this tlne In orwder to com-
plete that study during Aupust,

During August 1977,under the puldance of the NRECA Team with the asslst-
ance of USATD/T stafl preliminary 15 year Flnanclal Forecasts were pre-
pared for the :‘hmai.nhn' g1x Central Java sites, Sumnary Informatlon of
this preliminary studies were Included in the USAIDL Project Paper,

Based on the assumptions used for these studles, all slx sites indlested
financlal, economle viablllty and social soundness.

Durlng Septenber, PIN conducted load surveys in the six remalning sites, and
"11 erviewed all operators of dlesel penerators In excess of 10 h.p. The

uwrpose of the survey was to determine the extent and operating cost
charaeteristics of such generation, and the potential load it
would place on the new projects.

uring October, a training seminar on the preparation of feasibil!ty
study was conducted In Semarang for 40 PIN stalf and engineers by the
HIECA Team and representatives of USAID/J. ™ring the semlnar all the
analyses and forms used by the NRECA Team in the Klaten report were re-
viewed and work sesslons were held usinp these forms, applylng them on
two of the ¢! remaining Central Java sites, Concurrent with the work
sesslons a team from PLN reviewed and critliqued the forms In depth, and
prepared a "draft feasib!lity study"monual for PN use based on these
f'orms.

In Novenber, n twelve man team from Wilayah XI1TI was detalled, under the
Hdance of ’ » NRECA Tweam, to conduct the englneering analysis and
!'!!1'[:1*’.'7":‘ 0! aI-_-“.t%,'.frnu to complete studies for the sly remainihe sites,

Thelr work was monltored by NRECA Team and ndditional fleld trips were
macle Lo the project sites f,u aseertaln Melllties In place and under

truction, In order to comment on the system englneering desime
beinge developed by the PHI Team for the six sites,

iy Decenber, these atudles wore completed by the PIN Team and presented

L]
Lo HEECR Team and USALDA] electrleal enplneers for roview, Review sene-
dlons were then held with PIN Pusat ond Wilayah XIIT staff in Jokapvta,
here 5 owne determmined that sertaln cnpineering desim assumpt lon uged




In the studles requlred revislong, Such chanpes were also dlscussed
at a second feasibllity study training seminar held In Ball durlng
¥ December.

Puring January, 1978 the sugpested revision to the slx studles were

. mde by the PIN Team In Semarang, Draft coples of* the revised studles
were broupht to Menado, North Sulawesl In late January , where they were
analysed during a third PIN feaslbllity study tralnlng seminar, At
thls seminar 50 PIN representatives from Pusat and all operating and
tranamisslon reglons attended, Feasibillity study terminology, critertin,
englneering standards, operating structure and financlal policy for a
PIN natlonwlde program were dlscussed, Recommendatlons culminating
from these discusslons later were presented to the PIN Board of Director
for conslderation, Also during the semlnar, feasibllity studies pre-
nared by the Wilayah VII staff and other reglons of the country were
recelved by the partlelpants,and a partlally conputerized propran to
asslst PIN feaslbllity study preparation was presented for partlelpant
use,

Finally in February, 1978 the final revised PIN studles for the =ix
remaining Central Java sites were presented to the NEECA Team, in order
. for them to complle this report. In review, 1t can casily be seen that
an extended perlod of thought and rethought was taken during the period
when these studles were prepared,affording an unlque learning experlence
- for all involved,
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C. DISTRIBUTLON SYS'ITM ENGINEERING,

1,

General,

Implementation of rural electrification projects must be based on low-
est feasible system Investment to obtaln maximum benefits, Thils means
that general system puldelines should be ollowed to assure adeguate
voltage and rellable gervice as economleally as possible,

Further, many of the older distributlon system deslim and constructlon
erlteria now used In Indonesia should not be consldered In desiming
and construct ing these new rural distribution systems.

Conditions In Indoriesla affecting the desipn and constructicn ol rural
lines are similar to vhese encountered In other countries, therefore
standards and erlterlia used in llke areas of those countries can be
safely used In Indonesia., In Java and some other locations rural popu-
lation denslity 18 unusually high, but In general the clustering appears
to be In villapges, This may cause ripht-of-way clearing and stacing
problems; but -the hiph density-1s an-advantapge rather than a problem In
system deslpi,

With high conswmer density, but small demand per consumer and initlal
low revenue antlelpated, 1t becomes the recponslblility of the prolect
englneer to utilize every tool and method at his command to bulld low=-
cost, safv systems, with a 1lfespan and reliabllity commensurate with
the need Jorr pood rural <ervice and moderate rates,

qul,' ul' Hystem,

Elements of dlatrlbutlon systems should be servicable for long perdlods
off time, ‘Mherefore, they should be desigmed with much thought plven
for future requirements, Sinceé consurers and additlonal loads will not
develop on my Mxed pattem, as much {lexiblllty as possible mst b
consldered so that 1 loads "shift" the distributing system can alsc
shirt" with least expenditure,

Syatems shoutd also be bullt simple and stralphtforward, without opers
atinge restrletiong, go that operational errora will be minlmal, FPre-
gent=0ay system comonenta (transformers, poles, Insulators, 2onductors,
sectlonallz2ing equipment, ete) are very relisble and when properly uti-
11zed chviate the neceasslity of duplicate distributing facilities, Fmer-
pency capacity In varlous parts of the syatem should be provided by
short=tim: overloads (as defined in Pact D)on a aingle contingency bu-
gla., without redunduncy.

»

Radlal teedor systems should be used, preferably fed ffvon a repilated
bug, However, exloting fecders sultably protected to lsolate fnalts on
Liwe new ayitom may Lo wied to feed 1t, {Jl*:‘.’!dl I satiatactory remdlut ion
nd erpactty are avallable on the exlsting eoaors,

L {rom biuldl

al'A phase feeders fd lnterals should be i1l

s e=phnge or vl
power buses Lo points where 16 18 feaslble to divide the londy hayond,
From Lheae polnta, slnpple=phnge 1l hould be coratmicted alonge with
alngele=phase Lhpa 'ram Lhe Chree=phaio. syatam Lo aomrve eonuistor 10600
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ree-phase and "V phase conatructlion should be held to a minimum con-
intents to load pgrowth and voltage drop,

The exlating systems In Indonesia are 50 hertz, and this usage 18 too
extensive to conslder a chenpge., Voltapge standards f{or the Indonesian
Archipelago wera set by the Director (ieneral for Power and Electricity,
Ministry of Public Works and Power, by Deecrees Nos. 08/K/70 and 09/K/70.
Primary voltage of 20 KV (nominal) with a maximum of 24 KV 18 now belng
used extensively and does not require Introduction of another clnss or
glze of equipment and materials.,

Jecondary voltames are belng changed from 127/220 V to 220/380 V (nom-
Inal). Use of thls new standard voltape 1s almost mandatory for any
new rural constructlon, because motors, appllances, 1llghting equipment
and bulbs are belnpg marketed for 220/380 V service, 'he new voltage a
also reduces consumers' wiring costs,

For resldentlial and small commerclal loads, 10 KVA and below, the ser-
vice voltage should be 220 V, two-wlpre, singlo-phase, For leads oft 50
KVA and below, 220/440 V. three-wire, single phase should be used with
Indlvlidual motor size llmited to 10 HP, However, for miscellaieous,
comnerclal and Industrlal loads, 25 KVA and above, 220/380 V, four-wire,
three-phase should be used, 1f Individual motors 15 HP miniman or other
three -phase equipment, 25 KVA or mor are to be Inastalled,

All new rural distrlbutlon systems should be overhead wood pole line,
with bare aluminum corviuctors, astandard fittings, pole-=type tronsformers,
overhead services, and meters, 'The system should be four-wire wye, with
multl-Frounded common nuetral. Them must be effective mrounding as de-
fined by the Natlonal Electrical Salvty Code, ANSI C2=1977.

' .-‘-".?_'_E: ."__.. ll‘:‘ [.I.l‘\l‘.‘l.j ile ~

e e -

Complete and detalled desig coriterla whilch would npply to rural dls-
tribution aystems sultuble for Indonesia were developed and will be
found in Part D,

4,  Tnplementing the Englneerdng and Construction.

Large outlava of money for syatem deslmm ecan be avolded by uaing al-
ready avallable standmrxd desipn/eriterin, construction specifications
ind drawings, and approved materinls. All of these have been tho.oupily
fleld-tested In close to a thousand rural electriec cooperativen, and are
avallable from the Rural Electrification Administratic in the U.8.A.

With feasiblility stily mips ahowing prospective consumers and sugpeated
ting of lines 1t 1o belloved that minlmal electrieal deaim engineer-
ing will be needed, In fact only a voltape drop dlagram (REA Bulletin
Wh=1) to dotermine phasine nod wire slze with o geetlonnllzing Al arram
(KA Bulletin 62-1) to determine location, nize, nnd type of' automtic
tional lzlng devicea, mppear to be necessiuy. lHowever, a myeat amount
of pitilled fleld (survey) enpglneering will be requlired to properly astake
Linea wyd dealmate conntruction units with dus repayd to econcey nnd
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In Inplementing distribution and tranmission conatructlon projects for
PIN, many Indoneslans have heen tralned and Instructed both in Indo-
nesla and abroad by forelm englneering and construction flrms handling
thege projects, lUsing some of thls personnel, 1t would appear that ad-
equate engineering skllls to handle rural system work, described above
1s avallable, RMarther, with some supervision from out-of-country
gources In the Inltial year:, these locally tralned perscnnel should
be able to periorm the required =ervice,

Since all the work will be done In Indonesia, the major portion on Jjob
glte, 1t 1s bellevad two forelm advisors who are experlenced desim
englneers for supervising general system desipn, and materlal procure=-
ment, along with one exparienced fleld englneer for each rural system
under construction will be adequate to handle the work, along with
donesian personnel,

Presently, in cert.in areas, local contractors or owner's personnel are
conatructing overhead electric lines, under forelpm englneers' super-
vision, It 1s reasonable to assume 1f all materlals are furnished, that
local contractors or owner's personnel could construct strong, safe,
syatems In approximately S50 km. gepmments per contract, 'The supervising
fleld englneer assimed to each rural system along with hls Indones!ian
fleldmen could supervise and manage such eantract construction.

It 18 recomiended that local contractors or owner's personnel should
constiuct lines, as described above, and that the systems cwn service
erews should run service lines and Install meters since this phase of
the work involves consumer contact, etoe,

These supgested me! hods would make maximum use of lecal personnel, con-
struct quality systems at minimum cost, and would In some 3 to 5§ years
enable local personnel to construct system without assistpnce from for-
elmm advisors,
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PART D
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D, BASIC DISTRIBUTION SYSTEM CRITERIA

ELECTRICAL DESIGN CONSIDERATIONS

1. Ip equency,

Any new rural distribution system in Indonesia should bhe 50 hertz, to
conform with existing usage,

2, Distribution Voltage (Nominal),

a, Bv Decreces No, 08/K/70 and 09/K/70 of the Director General of Power
and Electricity, Ministry of Public Works and Electric Power, voltage standards
for distribution system in Indonesia have been established, The primary
voltage of 20 KV (nominal) with a maximum of 24 KV is the most attractive
voltage to be used for rural projects, This voltage i8 now being used
extensively in Indonseia and does not require introduction of another class or
size of equipment and materials, Further, the reduction in voltage drop and
losses for the same loading, wire size, and line length more than offsets the
slight additional costs of using this higher voltage over a 7, 2/12,47 KV primary
syste, Voltage drop and losses at 11,55/20 KV are 0, 3888 compared to 1,0
at 7,2/12,47 KV primary, Increase in capacity or line length using the same
voltage drop and wire size are 2,572 at 11,55/20 KV compared to 1,0 at
7.2/12,47 KV primary.

The system may be safely operated near the maximum primary voltage
(13.8/23,9 KV) since manufactured equipment and desined insulation levels
are 125 KV BIL minimum, This higher level of voltage will increase system
capability and capacity at no increase in cost,

b, Sccondary voltages in all areas of Indonesia are being changed from
127/220 V, four=wire, threc-phase to 220/380 V (nominal) four-wire, throe-
phase, Motors, appliances, equipment, lighting fixtures, and lamp bulbs are
bheing marketed for the 220/380 V servico making the use of this standard
voltage attractive if not mandatory, Further, use of this voltage will reduce
consumers' wirine costs, Single-phase systems should be two-wire 220 V,
and three-wire 220/440 V, Threo-phase systems should be four-wire 220/380 V,

Jo Service Voltages (Nominal) with Use and Maximum Loadings,

e 220V, two-wire, single<phase should be used for miscellancous

rosidential and commereial loads, 10 KVA and below, Maximum individual

motor size in 10 HP,




b, 220/440 V, threo-wire, single-phase should be used [or miscellaneous
residontial and commercial loads, 50 KVA and below, Maximum individual
motor size is 10 HP,

¢, 220/380 V, four-wire, three-phase should be used for miscellaneous
commercial and industrial loyvls, 25 KVA and above, provided individual
motors 15 HP minimum or other three-phase cquipment, 25 KVA or more, are
installed, Maximum load at this voltage is 500 KVA,

d, Industrial or commeraial loads of 500 KVA or more should be pgiven
special consideration on a case by case basis, They may be served at primary
voltage (11, 55/20 KV, four-wire, throe-phase) or 220/380 V, four-wire, throec=-
phase, dependent of rate structure and availability of large transformers,

4, Insulation Lievel, Creepage Distarce, FEtc,

a, Insulation for the primary system must withstand normal operaling
voltages and switching surge voltages without flashover or failure, Sufficient
impulge insulation strenpth (BIL) must also be provided so that the system
can be protected by suitable lightning arresters, Further, insulators and
bushings, in air must have adequate creepage distance so that there will be
practically no 50 hertz leakage current, At altitudes over 1,000 meters or in
contamincated areas creepage should be provided,

h, Since standard equipment hag been developed for this voltage class
(14, 400 V, line=to-ground) and has been in service and proyves world-wide
for many years, the system should be designed to meet these insulation
parameters, using standards for material and equipmaont specified by the Ameri-
can National Standards Instituie, New York City, U, S, A,, and in REA Bulletin
43-5, Rural Electrification Administration, Washington, D, C,, U,S, A,

(1) Basic insulation level (BIL) « distribution class, 125 KV,

(2) Switching surpe voltage = throe times normal line-to-ground
voltagoe,

(3) Minimum crecpage distance (approximately 1 inch/1600 volty) -

13 inches,

(4) Extra .nsulation to be provided at line anglos and deadends to
preciude (ashover dus to increased values of surge voltage caused

hy refllection,

(51 No increase in standard creepage distance for systems constructed
helow 1,000 moeters in areas relatively free from contamination,
Shoald it he dotermined that sections of the system require increasod

crovpage distance they should be congidered for each individual case,
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(6) Equipment used will be according to the standards noted and
meeting these insulation and creepage values:

(a) Line insulation, pin insulators - use ANSI Class 56-1,
insulators,

Leakage distance 13 inches (33 ecm, )
Wat flashover 60 KV
Dry flashover 95 KV
Critical impulse (lashover 150 KV

(b) Line insulation, angles and deadends, suspension insulators -
use two insulator units per deadend, ANSI Class 52-4,

Wet flashover 90 KV
Dry flashover 155 KV
Critical impulse flashover 255 KV

(¢) Equipment bushing insulation, distribution class - ANSI-C57,12
series,

Bushing creepage distance 17.75 inches ( 45 ecm, )
Withstand voltages

10 seconds wet 16 KV
1 minute dry 42 KV

Impulse withstand voltage (BIL) 125 KV

~

(d) Transformer winding insulation distribution class - ANSI-C57,12

sories,

Impulse withstand voltage (BIL), full wave 125 KV
Impulse, chopped wave 145 KV
Mintmum flashover time 2,25 nicro-seconds

Low frequency dielectric 40 KV

() Secondary ard service system will be designed using material
and equipment for leegs than 300 V phase-to-ground, according
to ANSI standards:

Iy Insuwislors (spools) for secondary conductors will he ANSI
class 53-2 and 53-4 with these electrical valuos:

.o rl'l'filll‘l‘ll‘\‘ dry (lashovor 25 RV
Low=lrequency wot flashover, vertical 12 KV
horizontaj 15 KV
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ii., Insulators ( spools) for service conductors will be ANSI
class 53-1 with these electrical values:

Low-=-frequency dry flashover 20 KV
Low-frequency wet [lashover, vertical 8 KV
horizontal 10 KV

iii, Covering on phase conductors of multiplex service cables
should be cross-linked polyecthylene (XIL.P), with minimum
thickness of covering:

2 AWG and amaller 0,45 inches (1,15 mm)
#1/0 AWG through #4/0 AWG 0, 60 inches (1,52 mm)

Covering shall be capable of withstanding continously, from
conductor to ground, applied voltage of 1000 V at 50 hertz

for 5 minutes.

5. Voltage Levels, Sprecads, and Drops.

a, ANSI C84,1 presents standards for maintaining adequate voltage levels
at service and utilization points, These points are defined as:

(1) "Service point!'' - the point at which systems of supplier and user
are connected (kwh meter).

(2) "Utilization point'" - the line terminal of the equipment using
energy (lamp socket, convenience outlet, motor terminals, ctc, ),

b, Lighting and appliances can operate on a fairly broad spread of
voltage above and below their rated voltages, Of course, when the spread is
held closer to the rated or nominal voltage, better operation will be achieve,
Accordingly the following voltage ranges have been selected as acceptable
system voltage levels and spreads,

VOLTAGE RANGES (220 V base)

Minimum_ Maximum
Utilization point 198 231
Service point 203 231
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¢, Using the above acceptable service point ranpge (203-231 V), the
corresponding sermissible voltage spreads at various points on the distribu-
tion aystem may be determined by using voltage drops indicated below for each
sepment of the system, The total drop permitted at point of service under
maximum load conditions should be the maximum voltage delivered to the
customer nearest the bulk power supply point (substation) and the minimum
voltage deliveread to thy customer fartherest from the substation, Regulating
equipment used on the system will have a voltage regulating relay with a
bandwidth setting that can control feeder voltage to plus or minus 1, 0 V
(220 V base), Therefore, maximum voltage drop which may be allocated
to the various parts of the disctribution system will be (231-203) - (2 x 1,0) =
26,0V, The lollowing drops may allow some variations in regulator settinpgs,

VOLTAGE DROPS - MAXIMUM LOAD CONDITIONS

System Component Maximum Voltage Percent Voltage
Drop (220 V base) Drop (approximate)

Substation or plant regulated bus (output)
to primary terminals of last

distribution transformer 14,0 6, 37
Distribution transformenr 3.0 1. 36
Secondary and service 6,5 2,95
Total at consumer's meter rAedils 10, 68
Consumer's interior wiring 5.0 2. 27
Total at utilization point 28,5 3 12, 95

VOLTAGE LEVELS AND SPREADS - 220 V BASE

Location Voltage Levels (volts) Voltage Spread
Minimum Maximum ( volts)
Substation transformer 208 242 34
(unregulated)
Substation or plant bus 2206, 5 231 4.5

(roegulated)
Distribution transformer primary

torminals (last transformer) 214, 5 231 Iy
Service point (consumer's meter) 207 231 28
Paoint of utilization 198 231 13
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d, The above normal voltage levels, espocially those at point of
service and point of utilization, are the basis fop system desipgn; and the
system should be operated within these limits so that the consumer!s
oquipment will pive satisfactory service, These levels are based on the
following:

(1) Substation or plant outgoing bus voltage is regulated with a voltape
bandwidth setting not exceeding 1 V on a 220 V base,

(2) Values used in above tables arw centor values of the regulator
bandwidth,

(3) Only sustained voltages apply to table values, Variations of short
duration (switching, motor starting, elc,) are not considered,

(4) Input voltages to bulk power supply point (subtation) are kept within
prescribed limits so that regulating equipment can operate its

prescribed limits, + 10% of normal operating voltage,

6, [Feeder Loadin g,

In determining feeder loadings, initial construction cost and quality of
service desired are the most important factors to be considered, These
considerations gencrally tend (o oppose cach other, in that lower construction
costs will dictate heavily loaded feeders, while improved service requires
more feeders lightly loaded, A compromise which allows initial costs, losses,
and vol't.;n_uv regulation to determine the loading has proven to be an adequate
solution, i

In rural areas where initial load density on the order of 10 to 12 KVA per
square kilometer with an annual load growth of 5%, it appears that feeder loading
will be determined by voltage drop and desired reliability, Reliability will he
determined by feeder length and number of sectionalizing points, Feedoers,
of course, would be voltage limited and with allowable voltage drops described
above in Section 5,8,4/0 AWG-AAAC three-phase, four-wire feeder operating
at 90% power factor and 13, 8/23.9 KV with uniformly distributed load will have
A capacity of 80925 KW-kilometers,

With a feeder rating of 6,0 MW the feeder would have a length of approximate-
ly 25 kilometers from source to last iransformer, Assuming a rectangular
feeder area with a main feeder 17 kilometers in length with laterals on cach side
of the main, B kilometers in length wonld make a feeder area of some 272 square
kilometers, The load would be approximately 22, 06 KVA/square kilometer which
wottld he satisfactory for 15 vears based on 5% annual growth of an initial load
of about 11 KVA per square kilometer,




The above loads are tctal loads per square kilometer and a coincidence
factor should be applied when calculating definitive conductor sizes to food

an area,

Actual physical layout of a system, with bulk power points located outside
the service area, could change feeder areas which in turn could change optimum
wire size and feeder loading, However, [or nurpose of this study actual feeder
arcas and layouts are used, To provide for emergencies or short-time overload
conditions, feeders or lines may be operated up to 90% of the thermal capability
of the conductor, without loss of service life of the conductor,

7, [Transformers and Secondary Systems,

The initial load density in KVA/square kilometers enumerated above may
be also stated as being about 14 KVA/line kilometer. This initial load densily
may be used for design of the secondary system provided a growth factor and
coincidence factor is applied, The optimum transformer spacing could then be
c¢etermined by the maximum length of a given secondary conductor operating with
tha maximum permissible voltage drop (6.5 V), With an initial load density of
14 KVA/line kilometer and a coincidence factor of 0,90 and with an annual growth
rate of 5%, the load density in 15 years would be 14 x 0,9 x (1 + 0,05)15 = 26, 19,
KVA/line kilometer, 25 KVA transformer may be adopted as a base size unit,

It may be assumed that a balanced uniform load on a three-wire secondary
will be fed two ways from each transformer and that a peak rating of 150% of the
individual transformer rating can be safely used for design, With this assumption
and using a 25 KVA transformer (22,5 KW at 90% power factor), optimum
transformer spacings with various size conductors may be: ~

Wire Size

UNIFORM

DISTRIBUTED

LLOAD

Voltago
Drop Volts
220 V base)

KW -Meters
90% P, F,
J-wire,
Single-phase

Load KW
(1/2 the 150%
rating of

25 KVA
transformer)

Optimum
Length of
Secondary
(meters)

Optimum
Trans-
former
Spacing
Ametevs)

"4 AAAC 5.5 3170 18,75 169 138
2 AAAC 5,5 4745 18,758 256 512
i1/n AAAC 5.5 7116 18,75 180 760
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To maintain a reasonable balance between number of transformers and
secondary conductor size and to allow use of one size lavger trangformer
(37,5 KVA) over base size (25 KVA), throce-wire secondary system of
#1/0 AAAC phase wires with neutral sized accovding to primary system
requirements should be used, Maximum length of secondasy system (trans-
former to last consumer) should not excecd 380 meters, Transformers should
be located vsing the moment arm method to find a load center,

Along primary lines, effort should be made to place transformers on the
optimum spacing of approximately 750 meters, In this way transformers may
be chanped out as the load develops to a maximum of 34, 5 KVA units without
relocating or respacing, When load increases beyond the 37,5 KVA capability
another transformer may be inntalled between existing units cutting the
secondary confuctors on intermediate poles, This will give additional capacity
with minimum expense,

Transformer selection should be according to:
(1) Thermal capability (maximum load without damage to insulation),
(b) Voltage drop (adequate voltage under maximum load), and

(¢) Fconomics (annual costs),

Single-phase transformer installations meecting this criteria should be
sized according to this table:

Rating Maximum Peak Load ¥  Minimum Feonomic Minimum Economie
6590 Pormitted Loading (IKVA) Loading KVA
(KVA) (KVA) 30% Load Factor (peak) o

Annual Average Load

10 15. 8 - -

15 23,7 4,9 16,3
25 3949 5, 4 18,0
7.5 59, 25 10,3 34,3
A0 79 11. 8 19.3

e — e+ . i ——— —— ———

According to ASNI €57, 92, with an ambient temperature of 400C a peak of
Lo 58 rating is permitted for one hour following 50% equivalent load in percent
of rated KVA overy 24 hours with no loss of transformer life expectancy,

8, Services,

Services lor residential and small commercial customers should bhe
multiplex, selt=supporting, service drop cable, Cable should have a bare
ACSHE neutral moessenger, with stranded all=aluminum cross linked polyethylene
insulated (600 V) phase conductors, Duplex cable should be sized 6 AWG and

! AW, Iriplox and quadruplex cable should he 8 zod 4,2, |[u. or 2/0 AWG,
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Choice of number of service wires should follow maximum loadings pive:
in Section 3 above, '"Service Voltages (Norainal) with the Use and Maximum

l.oadings'',

9. Voltage Regulation,

Bulk power source (substation bus) should be regulated by tap changing
under load equipment, integrally a part of the step-down transformers,
Generating plants will regulate their 20 KV buses by varying machine voltapes,
Step-up transformers will be furnished with off load hipyh tension-taps, It is
anticipated in the initial stage design of the ruralsystem that no line type
regulating cquipment will be needed since line lenuths and loads tend to keep
the system within acceptable voltage limits,

When system loads and line lengths grow to the extent that acceptable
voltage limits are exceeded, then line regulators gencrally applied with shunt
capacitor banls should be installed, Sinple-phase, outdoor, step-type, platform
mounted units should be used, banked for three-phase vperation, with by -pass
switches,

10, Capacitor Banks,

Line-type shunt capacitor banks, switched and unswitched, may be used to
improve power fact* thereby reducing losses, The initial system should be
designed for prowth, and while capacitors will improve voltage and increase
line capacity, in the carly years use of capacitor banks solely for this purpose
appears to be unnec essary and the installation expense does not appear justified,

l

As load grows in future years, capacitor installation for voltage improvement
end capacity release should be considered and compared with costs of additional
f[eeder construction, or additional substation capacity,

Fotal capacity of fixed capacitor banks on a feeder or substation bus should
not be more than required to correct power to a value approaching unity, at
light load conditions,

Total capacity of switched capacitor banks on a feeder or substation bus
should not be more than the additional quantity of capacitors required to corroct
power factor at peak load to a value approaching unity,

Capacitor banks should be group protectod by expulsion fuse cut=outs, and
lHghtning arresters, one per phase with co-ordinated fuse links, Fuses should
have a continuous rating of not less than 1, 35 times rated bank cur rent, with a
total clearing characteristic not exceeding zone | standard capacitor case
rupture curves as shown in NEMA Std, CP=-1, Fault currents at point of
capacitor installation should be ascertained and fuse clearing times carefully

checkod with caso rupture curvaos,
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"he application of capacity banks to the systoem should be made in
conjunciion with voltage regulating equipment, if such equipment is required,

11, Lightning Protection (Arresters),

Selection of arrester voltage ratings should be based on line-to-ground
(not line-to-neutral) voltages existing on the system under fault conditions,

T'he system to be protected is solidly grounded with four-wire, multigrounded,
common neutral lines, The voltage impressed across the unfaulted phases
line-to-pround will, therefore, be only a percentage of tho line-to=line voltages,
under fault conditions.

Based on IEEFE Transactions Paper T1TP-452, which details experience and
practice for sclecting arrestor ratings, an 18 KV arrester should be used on
four-wire, multigrounded, common neutral distribution lines, maximum voltage
13,8/23,9 KV,

Use of 18 KV arresters commercially produced according to ANSI C62, |
will provide acceptable protection for 125 KV BIL distribution equipment,

In locating arresters on the distribution system, all line leads and ground
leads connecting the arrester to the system and the pretected equipment must be
as short as possible to reduce the impedance paths of surge current during
lightning discharge, Voltage acro«s leads could completely nullify the
protective charactoristics of the srester; thorefuie, precautions should be
taken to keep leads short,

~
Location Remarks
Overhead transformors Connect to each source high voltage phase

wire, Ground lead solidly interconnected
to common neutral, transformer tank and
transformor socondary neutral,

Capacitor banks wnswitched Connect to each source high voltage phase
wire of banks with 500 KVAR rating or lons,
Banks of higher capacity do not neod protec-
tion since a surge of magnitude to charge the
bank is unlikely, Ground leads solidly
interc onnected to common neutral, capacitor
cascs and bank ground,

Capacitor banks switehed Same an for capacitor banks unawitchod,

oxcept install on all banks regardless of
capacily,
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Regulators, line type Mount on regulators and connect to each
high voltage phase, line and load side,
Ground lead solidly connected to common
neutral and equipment ground,

It is'believed that with high speed breakers set for an instantancous
reclosure that arvesters placed along the lines for line protection are not

required.

12, Fused Cut-outs and Fuses,

Open, drop-out expulsion type fused cut-outs should be used » rated 190 amps,
minimum, 26 KV maximum, 125 KV BIl, 7000 amps, symmetrical and
6000 amps, assymetrical interrupting capacity (minimum).

Fused cut-outs should be used for capacitor bank protection, protection of
single-phase taps at inain feeder tap points, and sectionalizing points,

Fuses should be NEMA ratings type "T'" to obtain satisfactory coordinating
characteristics,

13, Sectionalizing and Switching.

Coordinated automatic sectionalizing devices should be used on all primary
distribution circuits, Automatic reclosing devices should be used where
appropriate,

Radial three~phage feeders and major three-phase taps, whick cannot be
looped, may use three single-phase reclosers of appropriate fize as required
toprotect important areas,

Fused cut-outs should be used on single-phase taps for coordinated
protection of the system, Cut-outs should be equipped with hooks so that they
w 11 be "load break" when used with a portable load break tool, No fused
cut-outs should be used in a three-phase circuit, However, cut-outs equipped
with solid disconnecting switch blade may be used in lightly loaded three-phase
circuits for manual sectionalizing,

A sectionalizing plan for vach feeder should be made using acceptable
methods to determine short circuits and scctionalizing points,

in applying sectionalizing devices, it should be rem ‘mbered that the
"sectionalizing factor', a factor less than unity , directly affects the service
reliability of the feeder, Dopending upon cirvcuit length the followi ng general
considerations will be helpful, Since each feeder configuracdon presents
difforent problems, good judgement must be exercised in each case to achieve

boest results,
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a, Four reclosers or other automatic sectionalizing dovices in serios
on a circuit usually are considered adequat, depending upon line length,
in order to obtain reliable coordination, Non-automatic devices such as
disconnect switches, spaced between automatic devices, will be helpful in
system opevations to minimize circuit outage during nermanent faults,

b, Branch lines connectad to the main circuit vary in their importance
to service reliability depending upon length and at what point they are connectod
to the main circuit, They are the most vulnerable to faults alfecting service
reliability, Therefore, every branch circuit should be sectionalized repardloss
of length or connected load, The objective of sectionalizing branch circuits is
to protect the main trunk circuit against permanent outage,

¢, Lateral circuits connected to branch circuits are usually referred to as
sacond, third, or fourth line sections and have a successively lesser possibility
of impairing service reliability, They can be correspondingly longer in length
or exposure befora a sectionalizing device is justified,

d. Any branch or lateral circuit exposed to unusually hazardous conditions
should be sectionalized with an automatic device,

¢, Where a main trunk line is bifurcated (extending in two different directions),
automatic sectionalizing devices, preferably reclosers, should be used to
sectionalize each of the circuits at the junction point,

f, All sectionalizing locations should be casily accessible,

. Sectionalizing devices should be located 80 as to minimize gorvice
interruption to important loads; i, e,, if a sectionalizing device is to be located
near an important load, it should be placed beyond that load,

hy When any changes are mado to the system, such as additions or
revigions of line or increase in size of the substations, a supplementa ry study
should be made to keep the sectionalizing program up to date and to see that
rating of devices is still adequate, Periodic checks of peak loads on sectional -
izing devices should be made, to ensure that overloads do not ocenr with load
growth,

14, Grounding.,

All poles should have a ground assembly (driven or butt wrapped) with the

common system neutral tied to this assembly,
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A minimum of three driven grounds per kilometer will be used to make
the system "offectively grounded' according to NESGC rules, Driven grounds
should be 5/8" x 8" « 0" galvanized rods and should have a resistance of less
than 10 ohms individually, isolated and nat connected to the grounding system,
alter installation, If this resistance is nof obtained, additional sections should
be driven to a greater depth, Driven prounds should be used at all poles on
which transformers, capacitor banks, regulators, reclosers, switches or
arresters are installed, Driven grounds are also to be used at all secondary
deadends,

In addition to above grounding all down guy s without strain insulators are to
be connected to the common neuts al system, All down guys are to be securely

bonded to their anchor rods, using anchor rod bonding clamps,

15, Conductors, Type and Kind, Economic Size,

Present pricing determinations indicate that AAG (all Aluminum Cable)
and AAAC (AL, 6201 Alloy Cable) bare conductors should bo used for primary
and secondary lines,

Considering kwh losses and estimated construction costs, using annual cost
rates and growth factors applicable to rural systems, it is believed that the
following vizes may be accepted as standards for use as line conductors on
rural systems in Indonesia, It furthor uses conductors which have been
extensively utilized in Central Java, thus precluding introducing another type
and size of conductors,

Use Phase Size of Conductors ~
A ot Phases Neutral
Main feeders 3 477 /KCMI L 4/0 AWG
Main {ceders } 470 AWG 1/0 AWCG
Laterals 3 2 AWG 4 AWG
Taps ] 2 AWG 4 AWG
Taps ] 4 AWG 4 AWG

For sorvice conductors these sizes should he adeqrate:

Sizo, Type SW-Mators
# O iplox 175
L Duplex AL
(| Triplox 600
2 Iriplox 000
ak Quadruplex 1,200
'V 1/0 Quadruplex 2, 000
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Mechanical Design Considerations,

All mechanical design should be in accordance with REEA Bulettin 160-2,
"Distributicn Line Design (Mechanical), " This REA Bulletin is based on
ANSI Bulletiin C-2-1977 Electrie Code of the U, S, A, However, certain changes
described below should be made in loadings to conform with Indonesian weather
conditions,

All construction should be in accordance with RIEA Form 803, "Specifications
and Drawings for 14,4/24,9 KV Line Construction, "

Both of the above published documents have been tried and tested y updated
from experience, and have been the basis of constructing hundreds of thousands

of kilometers of low investment, high reliability, ecconomical electric lines,

Indonesian Conditions,

From available weather records of Indone sia a maximum design wind
velocity (actual) of 80 kilometers per hour (22,25 meters/second) appears to be
satisfactory, This is equivalent to approximately 50 milrs per hour, Using
acceptable pressure-velocity formula, these wind pressures may be used for an
"Indonesian Loading Zone'" in the line design standards mentioned above,

Cylindrical surfaces:
P = 0.0025V% = 0,00025(50)2 = 6,25 pounds/sq. ft.

'lat surfaces: e
P = 0,0004V% = 0, llll-l{ﬁnlz = 10 pounds/sq, [t,

Design temporatures according to Indonesian conditions may be:

Maximum tensions in conductors - GOOF (150C)
Minimal vertical clearances - 90°9F (3390)

With the modifications above and no ice loading, REA Bulletin 160 -2 can be
used for mechanical line di Hgn in Indonesia, This can be obtained from:
Rural Electrification Administration, U, S, Department of Agriculture,
Washington 20250, D, C,, U.8§

']
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MATERIALS AND EQUIPMENT,

1,

dource, Type, Procurement, and Handl Ing,

Adequate supply of proper materials and equipment 1z esgential to time-
1y and low=-cost constructlion, All materials and equipment must conform
Lo predetermined standards and speelflecatlions to assure hipgh quallty
and safe constructlion, compatibillity of' components, and lowest prieing
through larpe orders,

A detalled "[1ab of Approved Matervials" has been developed over a
perlod of many years by the Rural Electrification Adminlstration, in
Washiniton, D.C., for the rural electrle systems in the U,8.A. With
very flew changes, to accomodate diffferences in Indonesian fyequenclen
and required transformer ratings, these standarnda should be used, 'Ihe
publication 1s KEA Bulletin 43=5,

standard ldentifiecation of ftems faclillitates the use of standamd invi-
tation-to-bld forms and simplifies price comparison on blddlig by
suppliera, astocking, handling, ete,

WnrehousIng the quantity of materials to be uged In this electrification
program promises to be a monumental task, so eareful acheduling of de-
liveries ls werth conalderation.

Certaln materluls must be cbtained fram oversens sources, However, ine-
veatimtlion hag determined that limited 2cunts of other materials of
sufficlent size and quallty may be cbtalned loenlly. ne cblective for
an extended rural electrificatlion progmrws would be the ereation of a
market to utilize new lines of production In Indonesin, ‘his would
provide additional Jjob opportunities,

™

.....

equiipment are detalled below,

A survey of the wood pole potentinl avallable In Indonesia was made Lo
detormine the feasiblllity ol wing wood poles for supports for the miral
electric lines, Conventimmally, ateel poles have been uned for thins
purpodge In the majority of the Indonealan conatiotion, However, ateel
poles represont a total fmport of the basie mterinl with only n nmll
poreentame of value added by locnl mrnuft cture, Wood poles, on the

thar hand, repretent utilization of n domeatie renewnble reacirce of

indonesin which rquitres enly about 20 pereent Inported ocommxiity (wood
preservmtive) to convert 1t Into a long=1mting wood pole. Furthes
¢ producticy of wood poles 1o o ruml Indimtiy, Poles are peosm In
rurnl areas and thelr mnufaeture el treateent o be geecanl inhed In
the ey Iuvenn., AT s e progunt len of wood poles would inerenne the
Inecer of 1ural people wd 1n turn enable theas poeple Lo have
oI hoavadlable to epend In eudplinge thelr homes Lo ute olsotrlie
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Indoneaia has a transmipration program In opemtlon, e of* the st
problems of transmlpration 1s to provide employment for the moved clt -
zens, By establishing a new Industry In these areas, these people
could be self-sufficient, This would hopefully be an Incentlve to

4 transmigration, With these factora, the asurvey of the woord pole con-
cept was explored,

. One of the other prime factors to be conaldered was the cost aavings
which could be accomplished, BSteel poles coat In the nelphbortiood of
US3150 to US$200, Wood poles hopefully could be produced for 1/3 to 1/4
thly amount, Steel poles required pertodie malntenance to prolong thel
useful llfe, They should be heavily painted prior to installation and
repalnted on a 3-to-S-year cycle, e palnting of steel poles i coti=
ventionally an extemal protection, However, corrosion inside the stee|
pole should not be 1mored. To achleve the maximum 11ife from a ateel
pole, 1t should be painted Intemally with an apoxy=type paint to piv=-
vent thls Intermal corvosio,

in a simllar fashion, wood poles munt be properly treated initial ly nand
1¢

mlven e dle supplomental treatmenta at the pround 1ine to extergd

" .
thi: '.-‘H\.

Yy
useful 1lfe, 'These coneepta are amply proven in the U,
™e fnctors to be eonsldered are:

i 8 iypes of wood avallable,

b, The atrength of these wood epecles when converted Into polea,

P The harvestling capabllity avallable,
1 e treatability of the wood,
- "
reating and manufacturing capnbl ity avallelle,
.+ Antlelpated production capability,

eain In the nntural econye-
Ity of' a apecific specle
lea mye wunlly mixed con-
ne nnd handlinge pi Dionn, =
" the speclies, the harvesting
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Of the woods avallable, the best prospect 1s rasanala (altingla
axenlsa), The averape breaking strength ls 9,000 psl, 'Ihis ls a
plantation-grown tree In West Java, Many of the plantatlions have
prown past the pole stagme, but quantitles of pole-slzed tinber are

s avallable, Harvesting 1s by manual means, and transportation to the
road site 1s by manpower or by anlmal power. Harvesting wlll be

1imlted to the drv geason and will not be avallable durlng rlce
harvesta.

Tis wood, when dried, ls conventionally treated to 2.5 cm penetra-
tion, In our opinion, this is a marginal treatment for poles In
the troples., Thare are two plants whlch we visited In West Java,
which are not creating rasamala using a cold penta chlorophenol so-
Jution. In order to treat wlth cold pep the poles must be alr drled
to flber satuwration, This deylng therefore limlts the productlon
time to the diy scason,

(ne treating plant in Clkampek, West Java, has two cylinders -- a 15
m, % 2 m. ¢ylinder for pep and a 12 m. x 2 m. cylinder for cca,
Usually they treat poles In thelr 15 m, eylinder at the rate of about
50 poles per charge. ‘they can treat one charge per shift,  Presum-
ably they can run 3 shifts per day and average U days per week, 'The
maxlmum production will therefore be 600 poles per week for 6 months
’ out of the year of 15,600 pules per year. ‘Tils is the total maximum
product lon and does not provide for any major breakdowns or delays
ecaused by harvesting or force majeure, Whlle they have not done so to
date, they can treat poles in the 12 m, cylinder with cca.

e other treating plant 1s located at Clpatat, West Java, This plant al-
a0 treats rasamala with pep Ina 24 m, x 1,9 m. ceylinder. Many of the
comments on the Clkampet plant are applleable here. Thelr capaclty s
60-80 poles per charge. e maximum capaclty for this phant would be:

70 poles average per charge.
3 charmes per day.,

I days per week,
26 weeks per year,

21,340 maximum pole ecapaclty.

In the case of both plants, about 33 to 50 percent of the max lmim oi-
paelty stould be antlelpated as reallstlc,

In Medan, Sumatra, three specles are avallable:d

. i, damar laut = shorea ellipltics = av. breaking strength 15,000 pai.
o vorulng - diptocarpus wabure! = av, breakdneg strength 13,000 pal,
: tusam = pinug meskuill = av. breakling strenpth 8,000 pal.
amar 1aut and kerulne are natural specles whlle Ltuanm 1o plentation
gy 1aut ond korulne are harveasted ard produced Into poles by
v oonpnry with a treating plant al Medan, Sumatrn,
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This company 1s repularly producing poles at the rate of about 10
poles per charge In thelr 1,5 m, x 15 m, cylinder. Using the factor
applled to the West Java plants, the maximum antlelpated product:ion
would be 12,500 poles with a realistic productlon of 1/3 or 1/2 this
quantity.

Tusam 1s not reptlarly produced Into poles but is avallable from the
area around Lake Toba, Harvesting of' tusam poles wlll be selectlive
as the shape os not always pood, the trees are often on slopes, and
heavy cutting is not allowed as erosion must be avolded,

In Kallmantan, three specles are avallable f'or consideration:

a, anthocephalus cabamba - fiber stress - 7,000 psi.

b. eucalyptus deglupta - fiber stress - 10,000 psi.

C, ulim eusldeozyton zwapesi - av. breaking strength 10,000 psl.

Anthocephalus grows naturally and in plantatlons. FEucalyptus 1s prown
In plantations, Both species will grow from seed to pole size in 3-5
years, 'The outer 2.5 to 4 em. of eucalyptus 1s treatable and will

mike a good pole If properly handled. Anthocephalus is fully treatable
and has a plth center which will dry and fall out. 'his will facllitate
drying and treatment. 'The wood 1s not as strong as other woods sugest -
ed but can be compensated for by sliphtly larger clreumferences, 'The
wood 18 llght, which 1s a positlve factor In road transportation and
construction.

Ulin 1s a restrlcted specles and can be cut only as a native industry.
The wood 1s heavy and naturally durable. It cannot be treated success-
fully but the natural durability appears adaquate, The supply is 1im-
Ited and the quantities and avallabllity may be difficult to predlct
and achedule,

Fucalyptus and anthocephalus are grown by a large timber corporation,
The productlon facllitlies appear to be excellent and could be conslid-
ered as a most dependable source of supply. lopging facilities oper-
ate year around and are modern and heavlly mechanized, Shipment of
poles coan be arranged py water to ports in the areas where conatruetion
g belng done, A treating plant would be required. This could be fab-
rleated, shipped, and Installed in 6-8 months. 'Ihe installation of an
automated cea treating plant capable of treating § charges of poles per
day could more than supply the estimated needs of projects under con-
slderation., A plant capable of supplylng l0 to 50,000 poles per year
ghould be encouragred,

The forestry service and treating plants both report that prices for
wiven poles on the stum have decreased markedly in the last few montha.
Hecent ordera filled by exlsting treating plants conflim the~e reports.
we have used such prieing In our mterial estimates. Conpetitive bid-
ding w'th more suppllers offering, will 1o doubt further lower prices,
we thereforme recommend that wood pole prvduetion should be encouragred,
Murther, to gupply quantities required foe the rural and other prograns
=
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we recannend expanslon of treating facllitles, 1t la our bellef' that
auf'flelent Interest has been generated among companles wlth tinber
concesslons to Inastall btreating plants and enter the treated pole
business,

We coneluded that when procurement of treated poles ls Inltlated,
price wlll be reasonable and timely dellveries of requlred quantities
can be accomplivhied, Poles should be procured locally according to
APA amd ANST speclflcatlons, using local woods discussed above,

Cross Arms and Anchor [ops,

Treated eross arms and anchor logs should be procured locally accord-
Ing to REA standands, using local woods,

Line Conductors and Service Cables,

As decerlbed elsewhere, bare all-aluminum cable and aluninum alloy
(6201) should be used for line conductors. Idkewisc, twisted, self-
supporting copvice cable, all-aluminum, with bare ACSR neutrals should
be used,

A large loeal well deslmed wire and cable fabrieating plant with two
separate units, one for cooper and one for alumlnum, 1s presently op-
erating in Jakarta, The aluminum sectlon has a capability of producing
concentrically stranded conductors throuph medlium clrcular mil sizes
from imported standard rod slizes and core wire. S8lze capablility ls
well above any requivement for this ruaral program, Both ACSR and all-
aluminum types of eable have been produced In llmited quantities for
local customers. Presently 40 tons of all-aluminum cable is belng fab-
ricated for PIN, Ox1ip (AWG 4/0) all-aluminum cable was belng stranded
during our vi o it, ~

e f'inal cabling machine, working one 8-hour shift, can produce some
«,000 tong of cable per year, Dependent upon orders, this fabricator

15 wllling to work additlonal shifts and even Install additiomal cabling
machines In existing lactory space, providing business warrants such in-
stallatlons, It appears with present equipment and proper supply of

raw material the plant could fabricate some 5,000 - 6,000 tons of alumi-
num condugtars and cable per vear,

Aluninum alloy conductor (6201-T81) 1. belng produced on a trial basis,
to ascertaln 1 a quelity product can be fabrleated, Final detennination
on abllity Lo produ uhilg type of conductor has not been made,

Multiplex service cable up to AYG 1/0 size using bare ACSR neturnl and
conventlal black polyethivlene insulated solld or stranded aluninum pow-
er conductorn has been successfully fabrieated in this plant, No XLP
Insulated multiplex servies eable has been manufactired,

ihe managing divector was of the opinton that he could be conpetitive
with the wordd markot on ACAR and all=nluminum ""l'l", '”.,.v!.],u] noevesc e
raw materials could he imported "duty free". lle further stated he felt.

for th!'s mmal pr my, #ince orelm currency 18 avallabhle, that row
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materials (rod and core wire) mlght be Nimlshed In bond to his plant
for fabriecating lnto cable of varlous slzes and types, He was of the
oplinlon that converting ruplah to procure ray materialg could result
In higher finlshed product costs,

his plant 1s the only one in Indehesla prescntly produclng aluminum
conductionrs,

Lt 15 suppested Lhat peocurement of' conductors and service cable
should be attempted uaing two methods, viz:

a,  Advertlse and recelve blds for conplete conductor and service
cable requlroments, CIEF Indoneslan portas, from forelm sources
(Code 9U1 countries).

5y Slmultaneously advertise and recelve bilds (CIF Indonesian ports)
for necessnry raw mteriala (rod, core wire, and Insulation) to
produce the amount of conductor and eable required In a, above,
At same time recelve bld(s) from local fabricators for handling
o -materials, fabricating, and packing the amount of* conductor
and eable requlred In a, above,

Tis will obtaln the cheapest price for the mterial and could well
help establish a loeal industry.

Hoevenue Meberd.,

Watthour meters minufactured according to Amerlean National Standmids
Inatitute (ANSI) publiecatlons have rating and charactertstics far in
exeess of most Indoneslan tural consumersa' needs., Meter requirements
for tome 97% of the services In this program would be single-phase,
two=-wire 220 volt, 10 ampere, 50 hertz. 'The meters speclfled should
be those usineg less stringent overload, thermal, nnd power f{actor
characterlietics than requlired by ANSI. It 1s belleved adequate meters
manufaeturc d Lo other than ANSI atandards, which will have character-

latlcs compatable with the Intern o service , can be procured {or some
505 of the cost of an AMST meter. Meters for large loads and all pow-
er maters should be | | according to ANST publleation for 50

pertz, 1o conform with princlplea stated elsewhere in this report, no
foad limltera should be purchased or installed,

ALl other materinls and equipment should be purchased using atandard
0O and orelm iree procuremnt procedurea. Mo loenl Industrlen

ere fownd producing aceeptable materlale, with the posgible axception
" tranafommors,. A transformer plant producing three-phase distribution

nits was vinlved and foind to be producine quallity products wilnge mods-
em ond adequate productd il preenits, 'Mils plant hos no englncoringe
En'f por oo, mod e prodocing eaulpment aceording to "borrowed" deslsma.
L precent this plint cmmot pr o pultable single=phnse Lranaformerns

! { i f’ fpetint dealma.  Howevar, this plant has the capabill-
I T iree for distmibution teansfommera In future yenrs,




PART F

PRICL..G

ESTTHMATING COST OF MATERTALS



PRICING = ESTIMATING COST OF DISTRIBUTION SYSTEM MATERIALS.

Material costs have been developed, delivered to warchouses

in Indonesia, by determining the costs In currencics expended,
U. §, <dollars and Indonesian Rupiah, Proccedures and methods
used are briefly described,

While it 1Is known that Code 941 countrics may furnish materials,
only United States manufacturers' prices have been used, The
use of these prices for estimates is considered loglical as no
published prices are avallable from Code 941 country supplicrs,
Further, recent bid openings in Indonesia indicate that while
Code 941 suppliers have expressed interest, no bids were ro-
ceived, It can be shown In other arcas that prices quoted
from Code 941 suppliers vary with the "time'" of bidding and are
often 30 = 407 below other bidders. It i8 not known whether
such offers, if accepted, were delivered and if the material
quality delivered is as specified, While quality materials at
lower prices are highly desirable, it is not felt that expor-
ience in Indonesia on electrical materials procurement, using
USAID regulations and procedurcs, warrants use of these lower
prices for cost estimates,

Material prices used are published list prices of suppliers ad-
justed by their current (Spring 1977) discount sheets, It is to
be expected at time of bidding that there will be some additional
reduction in base price (FOB factory) depending on quantity re=-
quircd, manufacturing plant, load, shipping schedules, cte,
These "rveductions!", if they are made, ecnnot be reduced to con=
crete terms and therefore are not consideved in estimating
materfial costs, Prices uvsed are from these nanufacturers:

Product Suppliers
Line harvdware, insulators A. I, Chance Co,
Conductor ftittings, cte, Joslyn Mlg. & Supply Co,

MeGraw=Edison Co.
Transformers y Meters, meloer

sockets, instrument transformers, General Electric Co,

repgulators, street 'ighting Westinghouse Electric Corp,

Fixtures

Non=NEMA standard wotthoury moters Ta=Tung Enpgr. Co.,Talped,
Talwan

Bypaus switches Kearney=Nationnl

Alrbreak switches Kearnoy=National

Westinghouse Electric Covp.




Reclosers, scctionalizers McGraw=Edison Co,

Arrestors Genceral Electric
Westinghouse Electric Corp.

Connectors and splices Burndy Corp.

Conductors and service drep Alcoa Conductor Products Co,
cables Southwire Co,

Cross arms local producers

Poles and anchor logs local producers

Costs for export packing and delivery to port were added where
appropriate to obtain an FOB port price. Most materials are
quoted with an Eastern and Western Zone price with freipght
allowed to destination within those zones. Since Eastern Zone
prices are the lower priced and conference ocean frelipght rates
to Indonesia from Atlantic=Gulf ports are roughly the same as
from West Coast ports, Eastern Zone pricing is used, Export
packing is quoted at approximately 5% of factory cost on many
items and this adder is used where appropriate,

Cost to export (a U.S5, dollar cost) consiste of these expenses -

Spring 1977 average rates shown are used:

a. Port brokevs's fee = % of 17 of commodity cost FOB port,

b. Port handling costs, stevedoring = US $7 per cubic foot
measurement of shipment, This does not include heavy lifts
which are not anticipated for these materials,

¢e Ocecan freight - US §125 per shipping unit, 2,000 pounds or
40 cuble feet, whichever produces most revenue for carrier.

d., Marine insurance = 1%% o C&F price for Insulators, trang-
formers, meters, regulators, ete.,
3/4 of 1% of C&F price for hardware, conductors, cte.

¢, Demurrage charpges are not anticlipated or used sinee 15 days
it port are "no charge',




Cost to import (an Indonesian rupiah cost) consists of these
expenses, pathered from local Indonesian sources and believed
valid for this estimate:

a. Port broker's fue = Estimated at Rp 15,000/MI' which in-
cludes all documentation and clearance as duty free mer-
chandisc,

b, Port handling costs, stevedoring = From shipside to ware-
house and inspection area, Rp 4,000/MI,

¢, Heavy lifts - Charges are made for use of port ¢ ‘anes, ote,
at varying rates, according to character or size of 1ifting
equipment, No costs are anticipated for heavy lifts on
material to be imported,

d. Warehouse charges - |
Outdoor kp 70/M3/day.
Indoor (roof covered) Rp ]0(]/!‘1"/!]“)’ ;

Bonded Rp 175/}13/:Iny.

Above rates applv for 12 days, After 12 days rates are
increased 100Z as a penalty, which we understand does not
apply on USAID materials, Most materials (except corru-
pated packed matorial) will use outdoor rate for 12 davs
only or Rp 840/M”, For corrugated packed mnturiql indoor
rate will be used for 12 days only or Rp 1,200/M°.

¢. Loading for inland transport frem port - After clearance
trom port (customy or warchouse area) stevedores load mer-
chandise to owner's trucks, with rent of fork lifts, ete,
To load a 5 to 6 ron truck, use Rp 3,000/MT as an average

coste,

These lmport costs assume no customs dut ies, per se, but various
stamp charges will no doubt acerue with each shipment, No de-
finftive value can be assessed to these charges and they are not
included in the estimated material costs used in this report,

Materials will be ifmpovted through several different ports on
different Iglands of Indonesia. For material prieing at any
‘.J:]"!'hl‘.l!!liil. .‘lUr-l-'-”-.;- i' :I“'-l- conts h:l\"' I'lt‘lt‘ ”I'I‘II('(' ".lq nny

Indonesfian port,




To transport materials from port to a central warchouse a
price of Rp 6,000 per metric ton has been used, This cost

is based on uL{liziup large open-bodied 5 to 6 ton trucks., An
average of 50 km is used as the distance between port and cen-
tral warchouse,

Cost of distributing materials to individual projects from

central warchouses will be estimated as a job cost for the in-
dividual project,

To {llustrate costing methods ugsed and described above:

INSULATOR, PIN TYPE, ANSI 56-1,
\nln lul D, BROWN PORCELATN

Material cost:

Unit 100 pieces

Shipping weight, export packed 875 pounds (0,4375 tons)

Volume, export packed 32 cu, ft, (0.8 shipping
cube)
List price, Pastern zone
delivery UsSS587
Discount none

r

Export packing 5% of net price US§29,35

Cost FOB U,S, port US5616.35




Export Cost:

Uus

3

Port broker's fees, % of 1% of FOB cost

Stevedoring US $7 per 40 cu, [t, (shipping cube)

Ocean freight, US §125 per 40 cu,ft,
(shipping cube)

Marine insurance, 1.% of C & F cost

Total export cost us
Import Cost:
Port broker's fees, Rp 15,000/MT

Stevedoring Rp 4,000/MT

Warehousing at port, Rp 1,200 M3
Loading on truck at port, Rp 3,000/MT
Total import cost
Inland freight:

* to warchouse, Rp 6,000/MT

1.54

§

(4

5,60

100,00

9.04

L e

$116,18

r

-
B

Rp 5,955

1,588
1,088

1,191

Rp 9,822

Rp 2,382

Total cost for insulators, pin type, FOB Indonesian warchouse:

Rupiah US3 US§ Equivalent
Material cost - 616,35 616,35
Export cost - 116,18 116,18
Import cost 9,822 - 23.67
Inland transport 525382« Pl SN LL
Total cost per 12,204 732,53 761,94

1010 p[r era

Due to the mass of the calculation sheets used they are retained in
the [Lles ot SAID/Jakarta, Costs shown are brought forward to the
"linft Cont" shoets for variovs construction assembliesn,

F=5




PART G

LABOR COSTS



G. LABOR COSTS,

1. General.

Labor rates In Indonesia for various work classifications
have no '"going'" price, In fact, depending upon source of infor=-
mation, wages vary from 'mothing' to unbelievable highs. Appar=-
ently base wages for similar work vary between government enter-
prises and private concerns. It is reported that wage levels as
well as benefits depend largely upon whether the employer is
foreign or domestic and the type of financing of the project or
business == overseas or local,

There are very few formal labor laws and regulations in Indo-
nesia, Those which exist have not been codified, making exact con-
ditions and benefits difficult to assess and apply. Generally
"Labor Law'" is considered to be a collection of written regulations
and unwritten customs and practices dealing with working for pay,
either in cash or kind. 1t has been said that Indonesian Labor
Law is most interested in these aspects of employment:

a. Making a work agreement,

b. Work obligations of employment,

¢. Employers' obligations to employees both during and

after the period of their work,

d. Termination of employment,

¢. Settlement of labor disputes.

There are several publications in English which have gathered
much of the pertinent information currently in use concerning labor,
The 1974 publication of the Padjadjaran University Law School,
Bandung, title "Labor Law', part of a series titled "Survey of
Indonesian Economic Law'", has been freely used to ascertain labor
practices to estimate labor costs for thls study,

Minimum or fixed wage rates are not proscribed by law, but
wage rates contained In collective labor agreements have in several
instances boen extended to workers who are not part of the collective
agreements, Generally unions do not exist, except in foreipn or
very large entoerprises,

The above statements are recited for background only and
are not to be construed as criticisms or that changes are sugpested,
However Information gathered along with the above tatementn is
being used to estimated total wages and salaries for both construction
and operating personnel on the project,

G=1




2, Rate of Pay for Construction Employees,

In this rural electrification program, construostion will
be accomplished on four different islands of In”onesia, In three
locations very little, iI any, construction of v.is type has been
done, We therefore assume all skilled and gemi=skilled personnel
for these locations will come from other areas, Compensation for
these workers must be adjusted accordingly, These base rates are
used in the table below, and include wages paid In cash, housing,
and ration allowance, buc not "beneflits' or expenses away from
place of employment,

Monthly Base Pay (Rupiah)

Classification entral Java Outer 1slands
General Foreman 78,000 80,000
Foreman 68,000 70,000
Sttilled Worker, lst Class 48,000 49,000
Skilled Worker, 2nd Class 48,000 39,000
Skilled Worker, Apprentice 31,000 30,000
Heavy Equipment Operator 35,000 33,000
Truck Driver 34,000 32,000
Pick=up or Car Driver 31,000 29,000
Laborer 28,000 26,000

Article 4 of Regulation No, 9=1964 of the Minister of Labor

defines wages as:

a. Wages paid In cash,

b, Cost of rations supplied free of charge.

¢. Cost of housing furnished free of cin rge.

d, Cost of medical treatment etc, provided free of charge
¢, Other allowances-vix vacation, bonus, severance pay, ecte,

These ftems have become standard compensation for workers
and may be pald In cash or kind (limlited to housing, food, ete.).
Emplovers use various methods of application but most construction
flrms prefor, when possible, to pay ftems a, b, and ¢ In cash. When
the job site Is too far from villages, camps arve established and
employeos' monthly cash payments are reduced, The base rates In the
above table will, however, cover costs to the employer using elther
mothod to coppensate for rations and quarters,

Various regulations require payments for vacation, bonus, ete.
naed on lenpth of service. For construction workers it is belleved

the folloving ‘hedule of payment will savliafy |'|-||l|i|'1-t:~|-nt', ol




items d and e, These payments are proscribed by Law 1/1951 and
Law 12/1964,

1l days/year

L month's salary/year

12 work days/year

57 of monthly wage

I month's salary/year of service

a, Paid holidays

b, Bonus (Lebaran)

¢, Paid vacation

d. Social Security Fund
¢, Termination pay

The above payments would be extra compensation for the
average employee, These added costs must be reduced to working
time rates for cach employee, Labor regulations define a month as
173 hours of work with a normal work week of no more than 40 hours
and no more than 7 hours cach day (Law 1/1951). The law provides
exceptions, but since for most exceptions overtime rates apply,
only the normal work week is considered hore.

Reducing these allowances to hourly working time rates:

a., Paid holidays 11 X 7 = 77 hours
b, Bonus 173 hours
¢, Vacation 12 X 7 = 84 hours
d, Terminal pay 173 hours

Total Hours Pay not worked = 507 hours/year

Total work hours in a year 12X173 = 2,076 hours.
Total productive hours In a year 2,076-77-84 = 1,915 hrs.

The percent of non-productive hours to productive hours,
using 507 X 100 works out at 26.487%.

1915

Adding the Secial Security Fund contribution of 5% to the
above ratlo glves a 31,487 additional cost which must be addoed Lo
the hourly rates, caleul ited using monthly rates In the table to
arrvive at true hourly labor costs,

When employees are requlred to work away (rom thelir home
area, a per diem allowance {8 pald in cash or kind to ecach employee,
On larie=gcale operation: camps are usually established, with the
employer providing at no cost to the coployee satinfactors Camp
type lodglings and prepared food, Under camp conditions no per diem
{8 pald In cash. It Is to be understood that base rates of pay in=-
cluding housing and ration allowance continue at the gsane lovel
when the coployee s worl ing away from his home arvea. Customs and
practices for cash payment of per diem allow Kp 1,800 to Rp 2,500
per employee depending upon hils work classiflcation., These amounts

(i=1}




are to be used in Chies study for those cmployees who will be
working away from their home areas,

3. Rate of Pay for Operating Personnael,

Tn caltculating pav for operating persomel the above rates
arc used Tor the ontire study, over the 15 year period,  Office
workers and clerical heln are not shown in the above schedules,
but they for the most part will be local people and wape rates
wvill be paid aceordinglv,  Since administrative and penerval ox-
peates are calealated in this stady on a fixed percentape of in-
vestment, small variations in office salaries will not appreciably
affect this stady,


http:111Lt.11

MANFOWER NEEDS FOR SYSTEM OPERATION

Construectlion Perlod:

At least one year before energlzation:
{ Title Nurber
General nmanager 1
Department heads:
Offlce servieces 1
Cornsumer gervices |
Fngelneoring |
Line department 1
cub=department heads:
Of'flce services 5
Consumer scrvices 2
5 nplnecring 3
Line department 2
Total 17
uring t /ey prior Lo energlzation:
1l gervices ')
| o onoyvl 3
el g ~
{ dennrtmeit 0
et B e e S 1R B 1] O AL Py 1 'l"'}' T
Al 1 e v 4 v i l:
_ Department
11"} Congumer
{0 rvice: Soervier nglnecring Line
- - -— - -— —— -— - B
(nf'ter piclent lon) Il | e 10
ifLor o rient | 2 |
"Y' g yorod et :. \ I 2 “
. A nel at I of thim! fNll operating year - 121,

G=5




COMPOSITE MANHOUR RATES-CONSTRUCTION
TYPE OF CREW RIGHT-OF-WAY CLEARING

LOCATION: CENTRAL JAVA

1y

] | S 0 =
z é 5 o . tZ: o X 3.-; i&:—l
) 2 > 2 e [t == i |1 S
@ T Fm eI 4 () 12) T |2
A )b ‘L;:., l.ut: ol gm -l
CLASSIFICATION z ¥ i Lz |<X reders 0 3 <
@ L 1y~ o '3 ws |4 Q :(‘JJE Ofa
l[ld g c Pﬁ bd o) () l;:l = - B S
> il ul = &5 =i | (0. | S
i T a0 MO | o=« [Ha 08 |20
UNI T EACH Rp Rp Rp Rp Rp Rp Rp
(1) (2) (3) (4) (5) (6) (7) (8) (9)
General Foreman 1/5| 78,000 451 | 142 - - 693 | 139
Foreman 1 | 68,000 393 | 124 - - O L788 I ND 1178
Lineman, 2nd Class 1 | 38,000 220 69 - - 289 | 289
Truck Driver 1 i 34,000 196 62 - - 258 | 258
Pickup Driver ' 1/5 | 31,000 179 56 - - 235 [wmmwelh 72
Laborers '40 | 28,000 162 51 - - 213 | 8520
|
LABOR TOTAL ¥ '&32/5I 7% : A ¥ 7% 9770
Trucks 1 7225,000 | 1301 | /7 ¥ 7741301 | 1301
- + ...... ‘ ...-.{,.,. / ";'4‘ SEN—
Pickup Truck 1/5 I| 135,000 1800 p "z e e 180 156
| 2
| y
LIl 5% 2t L o sttt e | ot ol A
| ’ 4 —
| E _. J[‘
GRAND TOTA L 7ZA s Z G AN1227

# | EXPENSE ALLOWANCE | WORK HOUR COLUMN (B)X 7 <40

didad -

(10) | MANHOUR COS5T/WORK HOUR = GRAND TOTAL COL (9)« L “HOR TOTAL COL.(2) |rp 259

(11) | AVEHAGE NON-PRODUCTIVE TIME (TRAVEL TIME - WEATHER-ETIC ) 23 %

(12| PRODUCTIVITY FACIOR 1.40
11 MANHOUR RATE /PRODUCTIVE MHOUR = LINE (10) X LINE (12) X H":ﬂ:}“ ) U | p 446
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COMPOSITE MANHOUR RATES-CONSTRUCTION
TYPE OF CREW POLE SETTING
LOCATION  CENTRAL JAVA
b I : Y S
-0 R SO B T -

© & o IS | it | B 07 B iy 3 298 | ma®
CLASSIFICATION | =2 S £ 7 022 AIGe s e g
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1 3 20 | 0 | o= |Wa RIGEOISIT

U NI T EACH Rp l Rp Rp Rp Rp Rp Rp

(1) (2) (3) (4) (5) (6) (7) (8) (9)
General Foreman 1/5. 78,000 | 451 | 142 - - 693 | 139
Foreman | 2 | 68,000 | 383 | 124 | - - | 517 |1034

Lineman, 2nd Class 1 38,000 | 220 | 69 - - 289 | 289
Lineman,Apprentice 2 31,000 179 [ e - | 235 | 470
Truck Driver (S92 E345000 196 | 62 - - 258 516

Pickup! Driver 2%s 31,000 179 | 56 | - = W23 5HIRR 17

Laborer 20 28,000 | 162 | 51 - - 213 ;4260

| I| ! : ! !
J '
i | l
| | |
| l i | 1
s S| ) ,

LABOR TOTAL 295 | JT he 7225
Trucks WItH gOTe. 171 | 325,000| 1879 |7 {7 /41879 [1879
Trucks with Winch @ | 295,000 | 1705 ; Nz / 1705 (1705
Pickup Trucks 2% 175,000 780 | | 4 780 1716

' ! | 1 -
| e et
GRAND TOTA | L ‘ i J : i ¥ i ]2522
M| EXPENSE ALLOWAN £ ) WORK HOUR 2 COLUMN (B)X 7 <40
(10) MANMOUR COST/ WORK HOUR GHAND 10TAL COL (9) « LABOR 10TAL COL (2) Hp 429
(11 AVERAGE NON=PHODUCTIVE TIME (THAVEL TIME -« WEATHER=EIC ) 21 "I
(1) PRODUCTIVITY FACTIOHR 1.40
11 MANHOUR EATL / PROD "WVE HOUR =2 LN (10) X LINE (12) X ““;I”[.'H ! * l-‘lr Hp 7:]'3
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COMPOSITE MANHOUR RATES-CONSTRUCTION
TYPE OF CREW - GUY & FRAMING

LOCATION ' CENTRAL JAVA

i i o Y
7 %) < S o w < 5 ~ 14
. T 2 'm 5 i 20 b (RO ‘
(¥ g 5~ ot ol & w g L % ()
CLASSIFICATION z g 2T IS | &% [Tz SN IRLSEE
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UNI T [iACHI Rp Rp Rp Rp Rp Rp Rp
(1) (2) | () () | (5) | «6) | (7 | (&) | (9)
General Foreman | 1/5| 78,000 | 451 [ 142 | - - 693 [ 139
Foreman L | 68,000 | 393 | 124 | - - 517 | 517
Lineman, lst Class 2 | 48,000 277 87 - - 364 | 728
Lineman, 2nd Clasq 1 | 38,000 220 69 - - 289 289
Lineman,Apprentice | 3 | 31,000 179 56 - - 235 | 705
Truck Driver 1 34,000 | 196 62 - - 258 | 258
; Sy

Pickup Driver /5| 31,000 179 56 - - 235 47

0|

i i e
o ; éasj f A v ; o
LABOR TOTAL - '
e — e ] L S ; 7 LN ‘ 2683
_TrUCkB F 1 ! 225'000 1301 ’. ”Vﬁfw.fj 1301 | 1301
Pickup Trucks 1/5/ 135,000 780 47 4 780 | 156
' | ! | 7 )
i 7
i - -
| - i
GHAND TOTA | { f “ ; 7 0100
b {7 ,,]
L LXPENSE ALl OWANCE f WORK HOUR z COLUMN {b)’- 7 40
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(11) | AVERAGE NON-PHODUCTIVE TIME (TRAVEL TIMi - WEATHER-ETC ) 23 %

(12) PRODUCTIVITIY FACTIOR 1.1‘0

11 MANHOUR RATE / PRODUCTIVE HOUR = LINE (10) X LINE (12) ll LINE L11) ¢ l} Rp B49

100
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COMPOSITE MANHOUR RATES-CONSTRUCTION
TYPE OF CREW cONDUGTOR STRINGING, SAGGING & CLLPPING
LOCATION: CENTRAL JAVA
V]
. P-’ o W) ‘2
' i l 5 & e ) gmﬁf g"‘ g
' | h b pue | i? |,:‘| = 8 & = (9]
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(1) (2) (3) (4) (5) (6) (7) (8) (9)
General Foreman 1/5 | 78,000 | 451 | 142 - - 693 | . 139
Foreman 2 63,000 393 | 124 - - 517 | 1034
Lineman, lst Class 5 48,000 277 | 87 - - 364 | 1820
Lineman, 2nd Class 6 38,000 3 220 | 69 - - 289 | 1734
Lineman,Apprenticell 31,000 | 179 56 - - 235 | 2585
Truck Driver 4 | 34,0000 | 196 | 62 - - 258 | 1032
Pickup Driver 31%/5(1°3150008 [W179° (N5 6 0 (A0S - 235 | 752
Laborer 10 28,000 | 162 l ST~ - | 213 | 2130
|
[
|
LAROR 1 )I:._.,H ;’.1 2/5, ‘ ; i % Z % 11326
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. | ) .
e ]
GHAND 10TA | | : | | 119330
#| EXPENSE ALLOWANCE J WORK HOUR = COLUMN (6)X 7 =40
(10) | MANHOUR COST/ WORK HOUR : GRAND TOTAL COL (9) = LABOR IOTAL COL (2) Inp 467
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(17) PRODUCTIVIYIY FACTIOHR
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COMPOSITE MANHOUR RATES-CONSTRUCTION

TYPE OF CREW TRANSFORMER , REGULATORS, & SECTIONAL-
IZING INSTALLATIONS
LOCATION  CENTRAL JAVA

e ju o ¥ & z
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(1} (2) | (3) (4) (5) (6) (7) (8) (9)
General Foreman 1/5: 78,000 451 | 142 - - 693 {1305
Foreman 1 | 68,000 393 | 124 - - 517 217
Lineman, lst uuqé 4 | 48,000 | 277 | 87 | - - 364 | 1456
Lineman Apprcntlcel 6 | 31,000 179 56 - - 235 | 1410_
Truck Driver 2 | 34,000 196 62 - - 258 | 516
Pickup Driver 1 1./5} 31,000 ' 179 56 - - 235 47
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Trucks 1 (225,000 (1301 | 7| I 101 [1301
Truck with Winchs| 1 295,000 1705 | I 41705 | 1705
Pickup Trucks 1/5 135,000 | 780 i ; i 780 156
| ! 2724 I
f | | A !
! 4 | ’ - —
| ‘ | A |
1 | L i | 'l
CRAND TOTA L §355 ! i I : l 7 | 731'17_
| FIPENSE ALLOV AN [fWORK MOUR = COLUMN (6G)X 7 =40
uLl MANHOUR COSTIWORK MDOUR ¢ GHRAND 10TAL COL ()= LADBOR TOTAL COL ) Hp 5{11
{11 INERAGE NON-PRODUCTIVE TiME (TRAVE L TIML - WEATHER=EIC) 23 *hs
(12) ] PRODCUCTIVITY FACIOR 1,40
: - . . ' LINTE 1 Ill '-1 "
11 MAYGER R BATE [ bany IVE HOUH = LINE (10} 2 LNt (13 "l 160 y l fp 932

G=10




COMPOSITE MANHOUR RATES-CONSTRUCTION
TYPE OF CREW METER & : SERVICE INSTALLATION
LOCATION CENTRAL JAVA
p L Ll :
S I'IE l': ;‘? tj W o é IEI
o = > g & u q 5 "~ X
! T 2 =2 B %) = S
. hs @m O v 52 ‘i + -
(W] > (P Ayl l;l!l 1% j I & w T'" x E
b CLASSIFICATION | =z 8 = B g S e B IS
x L Y~ s W = h o Ay (W) ? ~
L) Qm L > b > = 9= WSS
(44} é 1] vy ) u‘l -d 0 z
= | i w = o == |a & & :f“'('-,"'
e R al | W8 | 8% |88 |8 [288
MENRIRRT ACH | Hp Rp Rp Rp Rp Rp Rp
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FATIMATED CONSTRUCTION COB'S FOR DISTRIBUTION SYSTEMS.

A "standardd unit" or "standard kilometer!" approach was taken to arrlve at
catimated aystem constructlon costs,

Averame quantitles for a "standamd" kilometer were based on deslm cerlteria
(deserlibed eloewhore), nunber of' congumers, and terraln,

M eatimating total prices for these standard units, several steps were
taken to accurately cost these units., The method used to bulld-up this
prieing was oo ol lows:

A Material priees [1,0,8. Indonealan warvhouge (see Part I")
were applled to each distribution construction assenbly, 1.e, poles,
pole top asserblles, service assenblies, transformer assemblles, 'his
regulted in materlal costs per assenbly ns shown in columns (3), (H),
ad (5) of sheets titled "Unit Costs-Mid 1977", found in this section.

y abor ma ~hours for Installation, colum (6) of "Unit Costa-Mid 1977"
are derlvad from atandaxd hours comnenly used in the ceonastruction 1n-
dustry In the U.2.A. Labor rates colums (7) and (8) of "Unit Costs-
Mid 19777, are caleulated using camposlite man-hour rates for various
typae of erows needed to Inatall the different assenblles. Composite
vates are based on 1nbor rates in 'art G, Included In the composite
man=our rates are costa, Ineluding operating and mintenance for
equipment required by each crew., Slince actual productive man=hours
are wied, allowances have been made In mn-hour rates for non-productive
time (travel tim, weather, ete,), and a productivity factor 1s added,

Mis productivity factor adjusts the man=hours required in Indonesia to
the atwiiad mn-hours used, "Composlte Man-hour Rates-Constructlon'
nre ealeulated for different types of erews and are included in Part G,
Inb expenge, colum (9) of "Unit Costs-Mld 1977" Ineludes provision for
e and other incldential expenses not covered by material and labor
gta, 'Mhese expenzea Include of'ffce expensen, peneral overhead, amall

tonl 'y 1‘ "‘“'.'L'u"."‘ oo,

by Totnl rotalled cost of asserblies, columa (10), (11), and (12) of "Init
iea=M1d 1077" my uzed to doteymine "Standnrd Klloewter! and "Standarnd
thit" orices Aoenb ly custs are extended on price sheets entitled "Dig-

Cptbutlon dystem oot found in this seetion.

- a8 I ELA "Matribution Svatom Coot" shivets stondnrd kilometer or otil-
i unit 1 my uied In ealeulating digtribution syatem costa for
various operating venrs, Each year shows value of aystem ndded and 1n
st 110t v
antitios wed for derivine asyatem yearly coats my taken from "Distreibut lon
¢ Inerementa” W orepnryed from distreibut 1oy pyntoem rl".".h?l‘.‘ vl lowld
.  Dotribution nyats U pheots mubtotals are “sdjusted to location
ortaln construction memn. Thin ftem cares for additionnl expense for
11ine mtorial, moatly | 1 Numidnhed, to Jeb warehouwre, Sultihle adiugt=-
nte oy made in 1abor mmt for the additicnal compenantion required st




romote loent 'l-.‘.'l.'-. I':!H'_!'I"I"I‘]IU‘: coatn I'{'l]l ]f'mn] pnm]nn,'\]-h“-_ ii"'l'V[t.’t‘:\, l“]:'.'
are Included In "Digtributlon Syatem Costs!, Forelm engineering gervices
and tralning are, according to USAIDAT, a grant and should not be ineluded
in costs,

Costs shown will adequately congtruet the aystems del lneated for the enaulnge
J=year perlod, without escalation, provided all materials are contracted
prlor to March 1978,

The following tahles are the estimated construction unit cost

(as specified in REA form 803 = SPECIFICATIONS AND DRAWINGS FOR
14.4/24,9 KV LINE CONSTRUCTION) itemized in the following tables,
These construction unit costs are used to calculate the "STANDARD
KILOMETER" and "S'TANDARD UNIT'.
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PART 1

GENERAL PLANT



URNERAL PLANT,

hia 1tem of' eapital cost includes bulldings, vehlclen, tools, machines,
and equipment required for constructio and operation of the electric plant
a3 well as the handling of of'fice work,

cont eotlmites were obtalned from DGC and other local sources, and quantities
were based on the experience of competent electrification advisors in Indo-
nesin and elsewnere,

1, lendquartera Facilities,

he general offlee and headquarters support facilities should be lo=-
cated neme the power site selected by the board of directors and thelr
AKE ndvizors, No lesa than 3 hectares of land should be cbtuined, It
ahculd be altuated where Mature expansion 1s possible and where good,
avallable rights-of-way may be cbtained to carmy the feeder 1lines fMom
the power plant Into the diairibution aystem,

Gonslderation mut be glven to accesa by road, to adequate supply of
waten for use by the staff and for power plant cperation, ard to selec-
tion of a aite not subject to fooding or dralnage problem,

e adminlatrat lon bullding should contaln approximately 900 squary
reters of floor apace in order to provide the staff with both ndequate
and efficlent work space. A meeting room capable of seating 100 per=
song 1o dealmble, Doard and ataff meetings my be held in this room,
Commnity nervice and merber relations require a Mellity of this type.
The offiecs bullding mat be located scew distance from the power plant
to minimize nolse problems,

Fundds have been provided in the eapital budeet estimates for {nprove-
ments Lo the headqumters and power plant aite, It is anticipated that
tha architectural and swpervisory work will be done by the ARE M pro-

lu’: >l ?.Jl ”..l.l:r'.

in addition to the office bullding, funds have been budepted for a wire=
house with 500 square metern of enclosed floor space. Prevision in wade
far a pole yud and outdoor storam space for bulk items such as wi
o ia and Lranafonmors, and for a seall vehicle maintenance fmellity
with pasoline atorape, The entire cospound should be surrouyded by a
:.,.,.,‘I..lo T T

70

ffioe baatreent and Maniture,

——r == & —d== —eaae—————————r e

hila Inoludea both offios Neniture and of flee mehnes et 11ing,
Lyplis, mimsomaphing, eta. A larmge staff will be required to handle

¥ b i dnvolved In accepting the antleipated meber of msber appli=
eatics and meeberchip fees, processing a large neter of wiring loans
vl Biliinge the mesbore for electrie usnm and loan epaymnts, and pro-
paring reports o the board of direotors and to 170, Raxis have been
budmted for all required off'ioe moh'nes, Inoluding mechanteal billinge
Fnchiines, o mtol e ates of Ue enterprise,

I=1




§o Tools and Work Fquipment,

In onder to pertorm construction, operationa, and maintenanc @ work o
the power lines and in the power ;\];uﬂ. In a sale and eifielent marnnenr,

K pood tonls are a necesalty, Funds have been budpeted in suffie!ent
quantlties to purchase tools as required., It is agsumed that they will
be properly atored and cared for,

4. Test and Laboratory Faulpment,
I pood electrle service 1a to be delivervd to the menbera, voltape
mut be checked and repulated, lLoads on vartous lines muat be meas nvid
and balaneed, Power delivered must be measured by acocurate moters. All
of these functlons, and more, muat be checked by use of sophisticated
and precloely accurate test devicea, This work begina before the firat
meter 1s removed fyom the meter shop to be installed, Rmda are provided
for purchase of' these devices,
Aransportation Faulpment,
Transportation of mn and materials 1s o mador coat {tem durlng the cm=-
atruction and operational phases of an electrle service coopern ive,
2ii1 have been budpeted fur the following Initinl fieet;
L heavy truck for hauling equiprent and suppliea,
-t L line truck, equipped with "A-frame" and wineh for pole 1ine work,

1 oervice trucks, 370 ton, for use Juring the housewiring program
»
Al Anter og for cperation and min‘enance work an the ayatem,

it vana for peraonnel,

10 rotoreycles for patrolling lines, reading moters and collecting

‘ _l i . Ll 1
= '|
b rpnications Faulpment,

| ccemmnications between the headqumiters of'flce mnd persoinel in the

Fleld arve eanentinl to afficlency In detivering quality semiee to al|
ACELE  menharse, TR eapA c_l‘f'] ]T.- .1,.;_!,@“.}.. et "‘a"f"* £y B "y
' y 4 .. 3o A | 1 ||‘: ;!-11.. | ' !“."'"".- ’ [l,,‘ (e bins 1-!” 2t fw
t ey se ¥ s .J:'t"f v el POer | !'l."‘.’ 30 | 9-111) .“ll-il" r;{‘,i'--'_ 1 %e 1 adn
] ] 3
[ i N
b .
- -

A h"ai!q"ﬂrtt"f,ﬁ fﬂ(.“.l" Yy 'll ! looated e Lhe ;;..-,o}f\! nal Pertap

" e VISR el ¥nere ental b :g"! By ok e ﬁ‘,‘f‘!zhﬂi]f“ it 1r
wq 1 |: " i e cemyrit sl g "-f'-'u".’l! '*-1 :I 3o 3y .‘{J" *_'. > "!’l!""‘
1 RElle e gorvioe avva, Thetwlore Navks have besn bude=
, taff | i nr near the offioes,
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The PLN will order all construction materials required for
connecting 100,000 services during the first three vears
ol operation under the USAID loan, Funds have not heen
budgeted for a normal inventory, This will be a matter to
consider Lf a stock of materials are not on hand when cons
tract construction comes to an end,

Contingencles: Experience indicates that in developing
!'.“Ch an [‘};tlnnﬂivp vnll.rl\rls“ u"f“r‘l;‘.l.“ nl.‘t'tlﬁ ‘.lll nrlt“.'
Therefore, US§ 344,496 or Rp, 142,965,840 for contingencies
s budgeted,




PART J

HOUSFUIRING PROGRAM AND ESTIMATING COSTS



J.

HOUSEWIRING PROGRAM,

It is antiecipated that many houscholds in the poorer economic
arcas will fail to sign up for sevvice in the new distribution
system if they do not have cash favinzs on hand to pay for
the cost of wiring their premises, Most prospective consumers
are farm workers with very low income, They will require fi=-
nancial assistance L{f they are to prepare their houses with
the safety switch, wiring, and outlets for using electricity,

Lt should be noted that the PLN distribution system {8 expected
to pay for and own the service drop from the pole to the kilo=
watt=hour meter, and including the meter and the ground, Wires
to the safety switch and all wiring, outlets, connections, and
switches beyond the meter are provided and owme:d by the consumer,
All wiring and electrical appliances and equipment Installed

must meet standards set by PLN and be approved by PLN before the
service Is connected,

Because success of rural electrification is measured in part by
the percentage of houscholds which sign up to get electrical
service, it is important to make sure houses are wired on sched-
ule, and ready for connection,

It is recommended that PLN take two steps which will aseist in
obtaining a large sign=up when the electrie sysitem {8 getting
under way,

1, The cost of wiring a house should be kept as low as pos=
sible. To assist in this, PLN should examine the possi=
bility of ;:

a, HBulk purchasing of standard housewiring materials,

b, Arranging to train houscwiring electricians recrulted
locally in the service area, to individually contract
tor inatalling housewiring for consumers at a fixed
price.

. Adopting standard housewiring weciflecations,
To Insure that all wiring instal!itions are safe, there will
have to be an inspection and certifieation made before the

system will connect the service, This is an absolute require=
Bent to prevent flres and lose of 1ife, Competent inspection




must not be disregarvded, Any consumer who so desires may
arvange to have his wiring done hy private contractors other
than those trained under PLN auspices, buc it sust be subject
to the same inspection before the system will conneet the
service,

A aketch of a typical minimum housewiring installation, together
with a list of materials is provided below,

2, A program rhould be offered to provide low-interest loans
for housewiring which the system can extend to the pros=
pective consumers, Loans would bhe made for repayment
within 5 years, with an arrangement for repular monthly
payments at the same time collections are made for eleotri-
city used,

The loans would be made only to those potential consumers
who demonstrate a need for such assistance, Members would
generally be encouraged to pay for housewiring from their
own money In cash, Loans would cover only a basic instal-
lation with three ceiling lights and one convenience outlet,
Consumevs requiring larger installation should arrange
their own financing for additional facilicies,

A sum sufflcient to provide house=wiring loans through a
d=year period should be provided, By the fifch YEAr mem=
bera' repayments of principal and interest will make pos=-
sible a revolving fund for eredit in subsequent years to
take care of the needs of additional new members,
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TYPICAL HOUSE WIRING PLAN

ENTRANCE CAP

WIKE HOLDER

ENTRANCE CABLE

1S0~-180M

:
|

1500

GROUND WIRS BY CO-0P

GROUND LEVEL
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ENTRANCE CAP —-fa\
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METER -——--—c‘b

SAETY Swirtn u{n-ﬁi
FLELD CUTOUT BOx
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