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Figure 11-18 Pole Assembly. at ‘Locations of 'Large Angle Turns
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Figure 11-20  Stay Wire Supporting A Dead-End Pole
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Figure 11-19 shows the top of the pole at which the distribution line
will be con_nectéd with an Undel'gl‘ound cable or cables leading to
_factoriés or other similar establishments. ‘The dead end pole should
be provided with a stay wire on the opposite side of the distribution
line. G@Given in TFigure 11-20 is the method of Installation of such a

wire,
11-4-5 _Distribution‘ Contrel Board

A control 'b_oard for the operation of the three dist'r'i_butioh cireuits
will be installed at the proposed power plant of this Project.

The board will be connected with the eircuit breakers through a bus
line. The circuit breakers could be actua.ted either by hand through
the board or automatically on a. signal indicating the oeccurience of
abnormality, such as excess current or excess voltage within or out~
side the system. The board will be equipped with _in_struﬁuents to-
monitor ;homent-by~fnoment changes in current “and voltage of distribu-
tio_n"lines,: annu’neiétors and alarm lafnps to giv.'e an alai’m for'iéh}"r.
abnormal ‘pheriomenon.  Figure 11-21 shows the front view of the con-

" trol board.
11-4-6  Switehgear and ‘Auxiliary Power Board

A circuit breaker will be installed for each circuit and it will be
connected with ‘an outgoing éat_ﬂe through a bus line. A switchgear
will consist of a circuit breaker, a disconnecting switceh (to be opened
by’ hand for ‘maintenance and inspection), and a current transformer
(to be connected with an ammeter), and its panel will be equipped

with ‘-di.s_play lamps.

An auxiliary power board will be provided for disconnecting switches,
potéhtial trénsforfners, arresters, efc'., and it.'w'ill bé equipped with
display lamps, overcurrent relays and directional ground protection
relays. Figure 13-22 shows the front view of the board and one-line
diagram of the connection. '
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Figure 11-22 Arrangement of the Metal-Clad Switchgear



The circuit breakers will be of the fdllowingspecifioatidn_s:'

" Type: Vacuum type ' ' o
'Ope'rat'it')h' duty: Open‘-:l min—_Close/Open—3min«Clee/Open
Rated voltage: 24 kV. ° .
Rated circuit breaking current: 16 kA -
Rated current: - 630A
Rated break tinﬂe: 5 eycles'

Figure 11-23 shows the cross sectional profile of the switchgear.
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12-1

12. CONSTRUCTION WORKS

o .General

Plants for the PI‘dject shall be constructed at the following four places,

”according to the conclusion in Chapter 6;

(1) - At Sengeti:

. ‘Natural gas production plant
. Natural gas pfetreatment faeility

. LPG recovery plant
(2) - BetWeeh Sengeti and Payo Selincah:

.. Natural gas pipeline
{(3) Payo Selincah:

. Power station
(4) Jambi City area:

. Power transmission and distribution lines
Operation - of these .facilities has cloée relation each other, for
example, natural gas supply by the pipeline shall be made available
before starting the operation of the power station and also LPG can
be recovered from condensate to be supplied from the natural gas pro-
duction plant- and the natural gas' pretreatment facility. Therefore,

these works shall be done in parallel at four places and shall be
scheduled that each work'-eomp}etes timely .in concert with other works.

Jambi- city and its surrbu’nding$ are consisted of'Swamp and low hill
less than 30 meters in aititude from sea level. The land is formed
with thick alluvial s'oil, which consist of sand layers sandwiched by

clay layers.
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12-2

12-2-1

Surface of the land-is covered by clay in peneral and it turns muddy
in rainy season. There al"e_ swamp on north bank of th_e Batarig Hari
river, where will be flooded when the river swells, -Therefore, con-
struction w_orks shall be carried out mainly in dry season to avoid

disturbance caused by rain.

A paved road connects Jambi and Palembang, however, for transporta-
tion from Jakartas, it is recommendable to use the Batang Hari river
with flat barge, especially in case of_‘ transportation of heavy equip-
ment and materials. The Batang:- Hari: river: has 5. -meter depth and
100 meter width up to Jambi port even. in - dry -s_eaSon. ._Itr swells 8
meters in rainy season, when. 3,000 DWT ship can' ‘sail alongside the
pier of Jambi pert. The pier can not be used in dry'season'. Flat
bérge comes to a quay -at Sengeti only in high “water season of the

river.

A bfidge is currently under construction ~at the down stream of
Sengeti guay, however, barges can pass under the bridge, with cargo
7.5 meter high from the water level, even in flooded season. Trans-
portation shall be planned to concentrate at the period whén the river

swells, in order to utilize barges.
Natural Gas Pretreatment Facility and LPG Recovery Plant {(at Sengeti)

Outline

At Sengeti, the natural gas pretreatment facility, theLP.G.reéovery
plant and the .auxiliary_. facilities will be constr'_uefed. In addition to
the above, the existing nétural gas production plant.and the gas oil
separation plant will be repaifed; .although. they are _excluded in this.
project. | . | ' Co

Most of the new eguipment will be imported taking-the f_dr_m- of skid-
mounted or package units. Therefore, the ;m'ai'n'_cons_truction works

would be transportation and instaliation of these units,
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12-2-2 Tt‘ansportaiion and Storage of Equipment and Materials

- Equipment- and materials shall be:transported by barge .on the Batang
Hari' river to ‘Sengeti during the -‘s‘welling season of the river, i.e. the
énd_ of rainy:séason. After iinl_oaded at the existing quay, the equip-
ment- and materials will be transported to the plant site by truck.
‘Main-road- to Sengeti area is a road of 3 meter width, but unpaved.
The éity authorities have 'a plan to construct a 2-lane-paved-road by
the time of cbméletion_ of the bridge across the Ba_ta_ng Hari river.

~ The materials ,wil'l“be trahsported using the new. road-mentioned above

" .and fan--aéc_e’ss road .connecting .-the new road to the plant site. Since
the access road having 300 meter length will also be used for trans-
portation of. LPG'eylinder after the completion.of co_nstructi'on, it
shall be paved with macadam, Jambi area does not produce' any rock
nor rubbie.,.therefore.'macadam shall be made artificially from ' sand
and cement; R _ .

Imported - equipment ~shall be transferred from ship to barge and
importing procedures _sh'a!lr be cleared at Jakarta port, and then

- transported to Sengeti.. ,

- The natural .gas,pretreatmeht_ facility and LPG recovery plant will be
‘imported taking the form of-a skid—niount_ed unit.- The unit will be
divided into several pieces for easy tranéportation to the plant site.
‘Since - there are: no storehouses' in Sengeti, the bu,i.ldings such as
office, control room, warehouse:will be constructed first and used as

femporary storehouse for equipment and materials.
12-2-3 = Electricity and Water Supply -

The diesel e'ngin_e—driven power genei’atbr to be installed in the LPG
recovery plant. will be used for supply -of eleciricity reguired for the
construction 'work. o |

The -well ~water, planned to be used for fire fighting water, will be

used for the construction work.
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12-2-4 Foundations

-Foundationé' shall be completed during: the dry ‘season . one year before
the instaliation. works of equipment start. - There are almost no con-
‘struction machines available 'in' Jambi area for the project and all
necessary maéhines shall be tran’spbrtéd by barge from Jakarta dwing
the rainy'seasén.when-river water rises, before commencement of con-

- -struction works.

Reinforced concrete or macadam ring foundation will be: constructed
as foundation for newly installing equipment. As mentioned before,
macedam shall be made artificially.:

12-2-5 1Installation, Piping and Instrumentation .

The skid-mounted unit, being divided and transported, will be re-
assembled .at site ‘and installed on the foundation. -After installa-
tion, all equipment will be connected by piping: Distortion of the
position of eguipment in the skid-mounted unit caused b'y installation
work will be adjusted by' connecting _Spobl pipes. ~ Then all equipment
and pipings will. be tested hydraulically.

Inétrumentation work will be started in parallel with piping works, and
instruments will be connected to equipment and pipings after hydraulic
test. :

Installation, piping and instrumentation shall be started in May when
rainy season ends, and shall be completed before the end of September,

narnely, before rainy season comes back.
12-2-6  Test Operation'and. Commissioning.
‘Rotating: machinery such as power generator and pumps shall be tested

of their running conditions at the manufactures' factories: so as fo

avoid independént running test at site.
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12-3

12-3-1

The test operation and commissioning of the natural gas production
plant' and pretreatment plant will be carried out with burning pas at

‘the flare stack. Pressures and temperatures of the plants and flow

rates will be measured . and the gas will be analyzed. The commis-
sioning of the LPG recovery plant will be followed, and production of
LPG mee’ti'ng the s{ne’cification and safety operation will be confirmed.
Natural Gas Pipeline

Qutline

The ‘natural gas pipeline is constructed for the purpose of sending the
gas produced and pretreated at’ Sengetl, for distance of 20 kilometers

" to the proposed power station at Payo Selincah.

Pipeline is. to be constructed with 6 iﬁches nominal size and Sch. 40
seamless steel pipe and be buried underground for safety. How.ev.er if
it runs more than 30 meter apart from any building, as mentioned in
Item 9-1-4 2), it can be placed above ground. 6 meters wide foot
path shall be construeted along t'he'rig:ht of way in swamp area. The
path shall be about 1.5 meters higher from the water level at flood,
and pipeline is burted at its center. Typical examples of pipeline

construction are shown in Figure 12-1.

‘The. p]pellne passes through the swamp in the north bank area of the
river, and crosses the river at east of the clly, then passes the city

area to the power station . at Payo Selmeah as shown in Figuré 12-2.

Specialized pipeline  construction machines are sometimes utilized

for time saving, however in this project, 20 km distance is not so

long to require  specialized machines.  The pipeline shall be con-

structed by - conventional cdhétru’ctipn machines and local labor,

because construction period is sufficient for conventional works.
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12-3-2

12-3-3

Loeal Survey

Piping route between Sengeti and the prqpoé_;ed_ power station shall be
selected based on land surve:y, then permission of land owner and

_consent of neighﬁoring peoples for installation of pipeline shall be

obtained. Based on the measurement of piping route, permanent right
of way shall be acqunred for the finalized piping route.

Crossmg point of ‘the river’ shall be selected after conductmg field
survey, legardmg geographlcal shape of “the rlver bottom, river width,
conditions of bo_ttom sediment, water flow velocity and so on, in

order to establish pipe laying plan across the 1‘_i,ve1‘.

The pipeline route shall be planh'ed as éhoﬁ é§ possible, however, in
view of easy access during construetion and '-ma_inten'aric'e, it is also
necessary to provide as many access points by truek as possible.
Therefore, the pi'p.eline shall pass the route connecting these access

peints by the sh'ortest line.
Preparation of Right of Way

Right of way shall be cleared and leveled Foot path shall be con-
structed in swampy area as mentioned in Sub- sectlon 12-3-1. When it
is necessary for the construction work, temporary access road shall be

constructed.

Concrete pit_ for block valve shall be prepared- at both sides of the
crossing point of the Batang Hari river. A fixing point of the winch
also shall be consti‘u_cted at the point for river crossing pipeline lay-

ing as explained in Sub-section 12-3-12.



12-3-4 Delivery of Pibing Materials

~ Piping materials shall be transported by barge, then -by truck to

temporary store houses for- equipment and materials. Two material

“stock yards shall be provided, because the gas pipeline is divided into

two sections by the river.” One stockyard shall be at Sengeti and the
other at the proposed power station site. All pipeline works shall be
carried out by the direction from these two stock bases. Pipes shall

be -carefully handled with appropriate- lifting " gears .to avoid any

.permanent deformation or damages.

12-3-5 Diteh

12-3-6

Piping route shall be determined after measurement and marking pil'es
shall be installed along the center of the right of way af every 50 to
100 meter distance.. Pipe diteh shall be excavated in about 1.2 meters
depth, in which the pipe shall ‘be laid and covered by sofl with thick-
ness of more than 0.9 meter, in general. _Howaver the depth shall be
modified according to environment. Width of the:ditch shall allow 15
cm space at each side of the pipe, therefore overall width of the
diteh shal! be about 0.5 meter.

‘Welding

Pipes shall be welded together by electric arc welding. Welding shall
be conformed with ASME Pressure Vessel Code IX or API standard
11.04, and welders shall be qualified for above mentioned code or

standard.

Sampling X-ray test shall be carried out on welded connections accord-

~ing to ANSI B 31.8, which defines sampling numbers for different type

~of diétricts,' In spite of the above, river crossing pipe  and pipe

-passing: 'thrbugh densely populéted area shall be 100% tested of the

connections:-by X-ray.
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12-3-7 Bending

"Pipeline shall not be -allowed bending by curvatuve of less than 18
times of - pipe diameter. ~When it is 'necessary-to.,behd smaller

“eurvaturé than above, hot bended pipe shall be prepared in.a factory.
12-3-8 Corrosion Protection Coating -

Pipe shall’ be  coated with  corrosion prevention film before burying.
Tape of the film shall be manually wound-over pipes at site. Coating
shall be tested by holiday tester after winding. -

12-3-8 Burying

‘Pipeline shall be covered firstly with soft screened soil and then
buried with ordinary soil in order to avoid damage on the C_oating.
Soil * shall be caf’efully_ refilled over theé pipe to recover natural
condition. - Refuse of works shall be ‘cleaned and not be left on the

right of way.
12-3-10 Cleaning of Pipeline

After numbers of pipe are connected, inside of some section of pipe-
line or total length of pipeline shall be cleaned with cleaning pig to

remove debris and rust.
12-3-11 Hydraulie Test

Hydraulic test shall be conducted after completion. of pipeii,ne..
'.Inhi'bitor shall ‘be added to water for the test, in order to prevent
corrosion. Plpehne shall be. confirmed that there ‘will be no leakage
with 53 kg/cm G pressure for a perlod of 24: ‘hours, according fto
ANSI B 31.8. During the test, utmost attention shall be pald for the
safety of workers and peoples living near- the. plpehne

Inside of the pipeline shall be dried by introducing hot air after the -

test.  Pipeline shall be sealed with nitrogen gas after pipeline is

i2—10



completely dried, and sealing shall be kept upto the time of
commencement of operation. :

12-3-12 River Crossing

. Pipeline will cross the Batang Hari _rivér twice, width of which will
‘be about 500 meters at the candidate 'p__di_nt of crossing, because there
is an island in- the river. Because it is too expensive to provide
supporting bridge for th.e'pip_eiiné, it is planned to lay the pipel'ine at
bottom of the river. In order to p.reve'nt damage by ship's anchor,
the pipeline shall be buried in a ditch: dug at its bottom by a river

- bottom dredger.

There are several methods for laying pipeline in the rivef_ such- as
floating -pipe method, pipe laying ship method and bottom pulling
method. Floating pipe method is not suitable because of high water
flow velocity., and also pipe laying ship is too expensive to hire for
this operation in this case. Botto’rﬁ pulling method is most

recommended to be adopted for this case.

A winch shall be fixed at a bank ir_l_'_b'rder to pull the pipeline which
is welded tbgether at the oppoéite,__bahk of the river, as shown in
Figure 12—3, The pipe end shall be tightly elosed in order to avoid
river watér. intrusion, and also the piper_ of the river crossing portion
shall be heavy -enough not to float in water nor move in the river

current.
12-3-13 Road Crossing
Steel casing shall be provided at the crdssing point of main road as

shown in Figure 12-4, in order to prevent over-stress on the pipeline

caused by traffic of heavy vehicles.
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12-4

12-4-1

' Pow.er Plant

Outline

Construction works of the power plant will become critical pass in
the whole project schedule, becaus"é‘large ~and heavy pieces of equip-
ment such as dual-fuel engines shall be installed.

Equipment to be installed in the building afe;

1}  Dual-fue] engines and generat_ors
2)  Auxiliaries of engines

3) Panels for generator and electric distribution
Equipment to be installed outside of the building are;

4)  Engine cooling system (radiators) _
5)  Air intake and gas exhaust system (filters and silencers)

5) Transformers
And also folloiwin'gs shall be provided in the power station area;

7)  Fuel oil storage tank
8) Water supply system (well, pumps and head tank) -

9) Electrie utitities

Most of these equipmenf including engines, génerators,"fauxiliaries and
SO on are impoi’ted. Heaviest piece, namely engine' and generator,
shall be packaged within a weight limit of transportation of 8 tons

per axis.

In the past, 12 axes trucks are used in- the roads. of Jdambi . drea,
therefore, the weight of one cargo WiII_ be limited practically less
than 90 tons per piece. _The'ehginé-shail' be overhauled p'eri'odica]'ly
by extracting pistons after _détéching 'cylinder.heads. An o.verheac.l
travelling crane and- . maintenance space .shal'i ‘be provided . in the

building for the p'urpose.
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Site of the proposed power stat'ion shall be'seieeted at east part of
the city in accordance' w'ith". the conclusion in Section 6-3. The loca-
tion shall be near the existing Payo Selincah pbwer station and apart
from any residence more than 300 meters. The site shall be about
120 meters x 80 meters flat area, Figure 12-5 shows an éxamp_le of

'generhl arrangement. of the station.

Foundation of ‘the engines shall be strong enough for the continuous
operation, because 'moving parts of thé engines and generators require
precise .alignment. - An'example of engine and generator foundation is
shown in Figure 12-6. L ' ' '

Piles of the foundation shall support engine, generator and their
foundation, total of which are about 500.tons. Size and numbers of
piles shall be decided by examining boring data after survey.

12-4-2 Local Survey

The site area shall be measured after a ﬁroposed site is selected.
Boring sample shail be taken from several points of the site for soil
strength - test.  Boring depth is recommended. to be more than 50

meters, in order to ob_'taih data for piling.

Land shall be acquired for: the site and ae'ces_siro;.id' aécording to the
plan and the results of. méasubement.' thle.foﬁte to the site from
the Jambi.port _shall be (f:h_éiéked for the transporftati'on of 90 fons cargo
by the trailer. Reinforcement of br’i_dges and repair of road pavement
shall be plannéd and executed 'aecordingly.

' There is no adequaté faeility to handle 90 tons cargo ét .Jambi' port.
Temporary pier mentioned in Sub-section 14-4-8 shall 'be prepared.

| Location of the pief shall be.selected after conduciing survey around
the coast of the port area, Permit of the port authority shall be
obfained for the construction of the temporary pier.
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12-4-3

12-4-4

12-4-5

Land Preparation

As land prepalatmn of the power station site con31sts an lmportant '
part of ecritical pass in the oonstruction schedule of the project, it

shall be done efflmently by using consttuctlon machmes.

It is not antlelpated to move huge amounl of earth for levelmg of
the site, becau.se the land 1s not so steep ‘in the avea. - However, it
is necessary to estlmate amount of the earth to be removed from the -
site for leveling, and to plan where removed earth shall be disposed
and how it shall be transported. The leveling work shall be started
immediately after the rainy se'asoh _en’ds and be completed within short

period of time.
Ac.cess Road

An access road shall be constructed before the land leveling work is
commenced. The road will be used for the transporiation of fuel oil
after commencement of commercial operation.  The road shall be

paved with artificial macadam.
Foundation

Four engine foundat'ioh's' as shown in, Figure'lz—ﬁ shall bé constructed,
The works shall be done by utll!zmg constructlon machmes in- order to
shorten construction pemod They shall be compieted before the ramy
season starts. Foundatlon work for the bmldmg and other equ1pment
shall be started in parallel with the_ engmg foundatlon works, however
these -works shall be planned not to disturb smooth execution of

engine foundation works.

The other foundations shall be compleied in the. same ‘time or before
completion of engine foundations. _ Engme foundation shall be remm
forced by steel rods, and shall be strong enough to support the heavy

vibrating machines.
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12-4-6

12-4-7

Building

A steel framed structure is considered for the buiiciing as mentioned
in Sub—s-ection'_:"_l'()i—fl—z so that the construction period can be shorten
by utilizing this construction method. Engine noise attemzation by
closed engine .i:room is not so practical in this area in view of its
climate, "ther‘élfore machine  noise pollution for residénce shall be
avolded by pfbviding a distance of more than 300 meters from the
proposéd power station to th_é neares‘t resic{ential -area. Control

panels of generators and electric distribution lﬂahels" shhil_be located

in the room divided from the engine space by noise atténuating' wall.

Electric and Water Supply -

A well and pumps with water storage he.ad tank shall be provided at
the site, beca{iSe there is no public water supply a&"ailable. The
water storage will also be served for firé fightiﬁg pUi'pose If water
qu'aiity is not suitable to be used as cooling water for engines,

appropriate treatment shall be considered.

Electricity for construction works will be supplied - from existing
distribution lines in Payo Selincah. It is= ne'cessary to'.install poles
and a'tfansformer for this purpose. The above faéilities shall be
modified to be used as a part of electric utility Upjon 'complefion of

the proposed power station.

12-4-8 ‘Temporary Pier

Because there is no 'ade:Qufite "fé(iility to unload the cargo of the engine
at -Jambi port, it shall be 'transpor:ted by trailer on barge. A’ tempor:ary
pier to land the trailer frb’fn .the barge shall be built in the port area.
rPhé':piel‘ shall be c_(“)n';;._tr'u'é_ged'by_é‘iahd bags and steel piles as shown in
Figﬂn‘e 12-7. Pier shall be: construéted an’y time before the transportation,
therefore it can be const:‘ucted by erane ship in high water season of the
_rlver ’ '

The pier shall be removed completely after the transportation operation

for the project is compieted, when the port authority requests to remove.
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12-4-9  Transportation .

‘Main equipment such as engines are imported. These equipment shall
b:‘e shipped - to. Jakarta for clearing importation procedures, then
transported. to Jambi 'by flat ,bafge. ~As;an alternative, th'e_.equipment
can be transpbrted_--from Singapore, because sea distance - from
Singapore to Jambi is less than the distance from. Jakarta to Jambi.
This alternative”is worth evaluating for saving transportation . time
and cost.' Furthermore Singapore is a candidaté'country-,to export
some eduipment required for the project. Bintan island near Singapore
is ‘one of the new Industrial areas: in Indonesia where some of equip-
. ment are manufactured. Import,prbcedures_' shall be clearéed at Jambi

or at Bintan island in this case.

The 12 axes trailer shall be placed on. the barge. The cargo engine
shall be loaded on the trailer, which is placed on the barge before-
hand. The barge shall travel sea route and ascend the Batang Hari
river to the temporary piel‘ at Jambi, then the trailer is cornnect to
a tractor. for landing. The car'go of ‘the engine shall be transported
to the site on the same trailer. Load shall be carefully distributed
not to create a lo_ad more than 8 tons on any one axis. Trailers ‘and
tractors shall be arranged in Jakarta or Singapore and returned to

the original port by barge after completion of transportation.
12-4-10 Installation

Engines, generators, 'auki_liaries and panels are installed un'det' the
roof, therefore- their _aSserribly, and adjustinent works can be extended

-.to rainy season. - Engine and generator.--shall be aligned after instal-
lation. . Oil or water flushing shall be carried out for cleaning of pipe
connections. - Instruments shall ‘be attachied after installation of each
equipment and piping. E_leétric wires shall be connected after instal-

~lation of equipment and pipings,.and shall be cbnfirmed its -insulation
by test.
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Radiators, “air intakes and gas exhausts, transformers, fuel stb’r’agé
tank and so on shall be installed outside of the bliilding. These out-
door -equipment shall" be Installed:before rainy season ‘comes. - Water
Supply and electricity supply shall be completed after the land level-
ing and completed timely f(‘)b the construction w0rks. ““When water
quality is not satisfactory for radiator, ‘adequate treatment facility
shall be added. o

12-4-11 Trial ‘Operation

12-5

12-5-1

Engine and auxiliary éhall be adjusted at: low speed and gradually take
load for running-in. ' Official tt‘ial.shall' be -carried out in completely
adjusted cond_itibn. Performance of the ‘‘engine shiall be m'eas'uf't_éd
during the trial 6peration by using instruments. provided for the power
station. These insttuments shall be.calibrated before the trial oper-
ation. Local vperators shall be trained through the trial ‘for commis-
sioning. =I_t. shall be confirmed that commissibning of the power

station can be carried out by local operators hefore the hand over of

‘the proposed power station.

Electiric Lines
Qutline

The proposed power station increases supply of electricity by about
17,000 kW in Jambi. This electricity will be distributed mainly. to .
industries in ‘the  east area of the city - diring déytime'- and to.
residences in the south west: area at night ‘as -mentioned in Section
6-3. ‘Connection- - between the3powér stations (Interéonnecfion),

connection between the power station and the switching station and

“distribution lines shall ‘be constructed for' the purpose: -

As it is not so easy .to changé gas supply rate to the proposed pdwer'
station frequently, the power station will be .o'perated for base lo_ad.'
About 300 meters tie line shall be provided between the proposed sta-
tion and the existing Payo Selincah power station for parallel running
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12-5-2

12-6

and intércha’nge of 'power sﬁpply. _About 9 km tie line shall be con-
structed betWéen the switching station at the city center and the power
station ih Payo Selincah, for sending electricity to the south west
Idt“ea"of the city. These two lines will be constructed by underground

cable, 1t will be ﬁecessary to add a total of five feeders to cover

the deman_d' of the 'city. It is planned that those feeders wiil be the
type of overhead cable. Other distribution lines shall be- provided

before commencement of operation of the proposed power station.

‘However these are not included in this plan. It shall be reviewed by

PLN in co’njunctioln with their Jambi electrification plan, because all

electric lines will be constructéd by PLN.

Material and Erection

It is planned to apply PLN standard for electric cable, pole and
insulator. Erection works also conform to PLN's practice, in order to
keep uniformity with other electric lines in the ecity and for easy
maintenance. Tie lines shall be completed before the power station
trial operation, because il is necessary to take load.

Schedule

Construction schedule ‘is planned considering following two points:

1) QOutdoor works_shall be done in dry season; between the end of
April .and the end of September.

2) Transportation by barge shall be concentrated between March

and May during water rises in the Batang Hari river.

A Gunt chart for the construction works is shown in Figure 12-8.
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Figure 12-8 Construction Schedule

............ Year . . EiISt Vear. _ Second Year s .Ihlrd Year, ,meFoqnyumxganwwmem
Month 1123056178 9. 101112 11213 435 5@7 B9 10111‘21 2:3 43526‘7 89 1011121 2314567 69101112
_ _ Basic Design |
Basic Design L2277 Shipment ,
Engihe Desiel : Transportation
. n :
Power Station gin® 63’5”: - _ ':Ziﬁﬁlnstallatjon- :
~Generator Design Lﬁéﬁﬁfﬁzél' 2 Piping & Instrumentation
Assenbdly H -1 .
Lland Preparation o Test Commissioning
gULiIility Set U :
¥ -7_-_-_-;_-_-;-_—§—_-_. f‘py_ndat 10N
E::::é:; 27:'].::5:'].‘:;:;:::! |
Erection
Electric Transmission Line _ Route Survey N
L Plan Test
Negotiation
Bor 108 (3 e | Y18t v 5L
Land Survey e “SUNTURTIII Sainidas
Preliminary Fivtes Rouse
Su rvey Open Temporary Oftice
SEHGET!
Gathering Station — Land Preparation
Gas 0il Separating Plant Inspeciion of | |
| Existing Equipment po-usabie bavivact Foundatior Workover of Wells
Cas Pretreatment Plant | ufituty Set Up Repair of Used Eduipment
~ Design |
|27, Manufagture Transportation
LPG Recovery Plant _ | i 1 _Instaliation
. - ' [nstrumentation
Design - ' '
| é@nufacture CoMmfssioning
Gas Transmission Line .
. Transpor|t

Preparation of Rou

Le
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12-7

Scheduling of Construction Machines

From the viewpoint of development of local economy, a large number
of local labor might be used instead of use of construction machines.
However, long 1‘ainy'.season.‘limits period of the. construction works.
It is' indispensable to introduce construction machines for smooth
execution of the constructﬁnu'wprks; Construction Inachineé are not
avallable in Jambi area and shall be transported from Jekarta. It is
difficult to plan utilization of construction machines at this stage.
Following - explanations are given for tentﬁtiverpurpose. Machines to

be used at each place of works are fbllo'wihgs:
1) - Payo Selincah: - power station:

truck crane about 100 t

- welding machine
fork lift

1

piling hanmer about 3,600 kg-cm 1
backhoe 0.3 m3 H
bulldozer 1
road roller about 10 t 1
small corpactor 2
concrete mixer- 3.0 m3 2
| 5

2

2) Sengetir natural gas production plant, pretreatment facllity and
~ LPG ‘reco'very plant

bu}ldozer |

truck crane - about 20 t
con_c_rfeté mixer 1.0 n13
welder

fork 1ift
concrete cutter (manual)

P G DD b
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3) Between Senget! and Payo Selincah: natural gés ‘pipeline

bulldoZer _ _ !
“truck for pipes = - (4WD) 1
‘tiuck for earth’ (4WD) 2
tr’u';ék erane 2t 2
road Foller ‘ 1
“welding machine _ 5
winch (6,200 kg driven by diesel)’ 1
river bottom dredger =1
portable generator © 100 kVA 2

Some of fork lifts shown above are used continuously after the con-
struction for transportatiori of materials and pr’dduc_t's. A Gunt chart

of the schedule for construction machines is shown in Figure 12-9.
12-8 Supervisors
12-8-1 Outline

Supervisors"shali be dispatched as. shown in Figure 12-10. Perform-

ance expected to each su‘per‘visor will be explained as follows:
12-8-2 Survey for Basic Design

(1) Indonesian enterprise shall be basically responsible for selec-
tion and aquisition of land where the plants and the pipeline in
this projé'ct ‘are constructed. However a consultant to advise for -
these activities shall be dispatched. He also acts as an adviser

for obtaining necessary soil data to design fouridations.
(2)  Inspection of existing equipment
A consultant shall be dispatched for the inspection of the exist-

ing equipment in Sénge'ti. : Method.of insp_ection,- evaluation of the

result and advice how to repair will be given by him,
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Figure 12-9 Schedule of Utilization of Construction Machines

Year -  First Year. .seeond Year . : Thxrd Year _ fourth Year

.........................................................................................................................................................................................................................................

Month | 1234 56§7§8§-91011§12_1§2 3458? 891011§121 234 55?8910§115§121 234 56789101@12

Power Station
Trailer (10 - 12 Axles) o
Truck Crane (80 t) ' | =mn

Piting Hammer : ' _ B N m—
Bultldozer ' . | v
Backhoe . ' : e
‘Roadroller : ' i Y wowmn
Compactor - 2!::1-
Concrete Mixer (3m®) | _ 2 :
Wetder ' QY 7721 L LT AL,
Forklift 2 FIETTHETHHTHTHEETS..

Gas Gathering Station | |
Bulldozer | A
Truck Crane (20t) 1 B : 1 ==
Concrete Mixer (im®) ' PANN 2 3
Velder | _
Forklift _ . 1 TS ' | MMM EEHrESy
Concrete Cutter | | 163 | N _
Portable Generator (100kVA) | B===4 : = =

LPG Recovery Plant 1 o
Bulldozer , | o
Truck Crane (20t) | - - - 1B
gg?ggite neixer (in®) e | 3 e
Forklift ' : TS ] M O OOHOhREhrry

Gas Transmission Line
Truck (4WD/4t)
Truck (4¥D/4t)

IC:::::ijF Materal
2 C———=31 for Earth
5 -

Welder : : -

Portable Generator CIOOkVA) : _ ' 2 E== —
Builldozer _ _ : : _ | e
Readroller ' ' ' R Y- _
Winch (3,000kg) : _ : - 1=

Piling Hammer : _ | - 3
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Figure 12-10 Schedule of Supervisor Dispatch

| Flf‘st vear | Sesond Year . - Third ‘.'.’..eal‘ el QUEEN Near

Vear e EinSE ..
| ' 1112123455;758591'011121 23456?89101112

Month '152 3:4 5;6;7 Bigi011i12/1:2:i3i 4 :516:7:8 9i10
Civil : Liaison & Consultafion -Liaisbn & Consultdtion
A—— i ' : x ,
Consultant — ' ' .
| ngpection
Contractor
| | Civil
Civil Work | ]
Piping of [Engine
_ VT | :

1-Piping Eng.
L]nstaiiation
"2tMechanical Eng.

Qngyne“&bA

installation

Generator Installiation
CEEENEA | (B Vectric Eng.

Instrumentatlion '
_ :
i-Instrument Eng.
Chemical Equip. Installiation
e e
1- Chemacal Eng.

Gas Trans. Pi
mmmm&mmmw%mmmmz |
. -l-Piplng Eng.

.Gas Trans Piping _
- Civ) Eng.
Commissioning

Engine .
mmmﬁwwmwm

I-ﬂechanical Eng.

Trial & Commissioning
‘Engine Commissioning
T .
1-Electrical Eng.

Gas Processing Plants Commissioning

s

Natural

1-Chemical Eng.
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(3)  As an alternative for above (1) and (2), PLN and PERTAMINA can
undertake all these works by their own specialists and provide all

. the neeeséary _data.and-infb_rmation for the basic design.

12-8-3 Foundations and Buildings

. ‘A--supe_rvisbr -shail be dispétched from the contractor to advise con-

struction . methods of foundations and buildings and also to attend

inspection._of the foun.dations-dur'ing the construction and at completion,

"This supervisor can be dispatched from a local affiliate of the con-

tractor or entrusted local contractor.

12-8-4 Installation

Two - mec_haﬁic&l engineers shall be  dispatched as supervisors from
engine - maker. They shall - witness transportation -of engines and
superﬁis'e. installation works of the engines and auxiliaries. Alignment,
hydraulic test, result of flushing and ete.,.shall be confirmed-by them.
These two engineéfs shall work by two shifts, when It is necessary
to keep construction schedule, because the engine installation is a key

process in the critical pass of the project schedule.

12~-8-5 Piping attached to Enginés

12-8-8

A piping engineer shall be dispatched for supervising piping works
attached to the engines and the auxiliaries including connection to

tanks and instruments.
Generator and Panels
An electrical engineér shall be dispatched by engine maker or
generator maker, Electric wiring for generators and panels shall be

supervised and electric isolation after the wiring shall be tested by

him.: -
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12-8-7 Instrumentation

Anv.éngi'neeb specialized for - instrumentation  shall ' be “dispatched for
_ supefvising installation of control  panels, instrumentations and con-
 trol equipment, _ _ '

He is basically responsible for.instrumentation of the natural gas pre-

treatment facility, the LPG recovery plant ‘and’ the gas pipeline,

however, he -shall also assist ~engineers - for the power station

construction.
12-8-8 Natural Gas Pretreatment Facility and LPG Reéovery: Plant |

An engineer specialized for chemical equipment installation shall be
dis.patched for s,upe'rvising installation of the natural gés pretreatmérit
facility and the LPG recovery plant. Hydrahlie_ tests and confirmation
after cleaning 'shall be attended by him. He shall supervise test
- operation of the facility and shall be responsible for commissioning of
the facility.

12-8-8 Natural Gas Pipeline

A pipeline engineer shall be dispatched for supervising material trans-
portation, welding and installation. He shall witness cleaning and
hydraulic test of the pipeline.

In addition to. above mentioned engineer, & civil engineer shall be
dispatched for supervising preparation of right of way and burying the
pipéline in the way. He shall also supervise ecrossing river works of

the pipeline.

12-8-10 Trial and Commissioning
A mechanical engineer and an electrical engineer shall _bé di'sp:atched
for supervising adjustment of the enginés, their auxiliaries and the

generators.  After the trial oper:ation, ‘these engineers . shall train

local operdtors and put the power station into commission.
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About one month of overlappging period is taken for transferring duties

.to local operators by installation engineérs.
12-8-11 Coordination

It is necessary to coordinate construction works at four locations

mentioned in Section 12-1.

A cobrdihator ‘shall be dispétched for controlling the progress of
works and acting . quickly for any accidental delay'in order to keep
the . construction ‘schedule.  He shall coordinate to secure utilities
such as w:atei‘ supply and electricity, and to obtain timely permis-
sions of transportation by aufhorities, advising to the contractor and

other local agencies,
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13. CONSTRUCTION COST.

13-1. - Scope of Construction Cost

The preoject is planned to supply electricity and LP.G for Jambi City,
by utilizing natural.gas produced at- Sengeti:  Consequently, the cost
. :required to accomplish above purpose is estimated as the construction
- cost of. the project, |
There are used equipm'e:n_t for oil and condensate production ‘in Sengeti,
wﬁiéh have not been ixsé_d since February 1982. These used .equipmeht
need repair, replacement of parts. -and restoration of instrumentation
" - before ;restarti'ng -the 'p_roddétion of gas. However, the éxpenses for
these works are not included .in the cost of ._the project. The cost for
flare staéks is not included, but the cost for new connection pipework
from the:natural gas pretreatment plant to the flare stack is included.
The . cost for low -v'ql-t'age lines after pole transformer is not included,
‘because '.t.he cost of. thés'e lines ére ‘borne by consumers directly.
Intercohnect_ion, connection and méin distribution lines are inch.i_'ded
in the project cost.

As ‘a result, the costs for the. following items are “estimated:

1) Natural gas preireatment plant
2} LPG Recovery plant

3} Natural gas pipeline

4) Power station

5) Transmission and distribution lines

. The cost is estimated based on the'cdnceptual designs mentioned ‘in
Chapters 7, 8, 9, lﬂ and III_respe_ctiver and construction works as
mentioned in Chapter 12. o
Values‘:'of the cost are indicated by Japanese Yen. Exchange rates

with Indoﬁesian Ruplah. (Rp) and U.S.Dollars are as shown below:

U.5.Dollars 1.00 = Rp 1,665 = Japanese Yeh 128.08
Japanese Yen 1.00 = Rp 13.0
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The cost is indicated By the value on February/March 1988. Forelgn
portion: is estimated based on international market price when they
are imported from industrial countries including Japan, U.S.A.,
Europeaﬁ countries and NIES. Local portion Is estimated based on
_domestic market price in Indanesia.

Price of equipment ‘and- services. is liable - to change by ‘economical
conditions and sometimes 'by'-competitionr_amo'ng sdppliers. The cost -is
estimated based on competitive prices obtained through information by

‘suppliers. -

Custom duties are supposed to: be exempted for. all ‘the imported
equipment. and materials because goods ‘imported are th(_)se'whi'ch are

not manufactured in Indonesia.

It is possible to transport equipment and ‘materials using Indonesian
flag vessels, however in view of flexibility of shipping arrangements,
ocean shipment by foreign flag vessels are considered and ocean

freight charges are estimated by foreign curréney portion.

PERTAMINA and PLN are deemed as enterprises to own and manage
the plants after their construetion. - Internal expenses .of these enter-
prises are not included in the cost. Expenses originated by Indonesian
central government end the loeal government are also not included in

the cost.

Consequently, costs for improvement of publie road and public utilities
are not included in the estimation. Engineering, supervising, adminis-
tration -and land- aquisition of transmission lines are undertaken by

PLN, and costs for these items are not: included in the estimation.



13-2

13-2-1

Cost Caleulation

“Natural Gas pretreatment Plant and LPG Recovery Plant

“The:. natural gas pretreatment plant and the LPG recovery plant are

~ installed in the same site. There are many common equipment and

works for these two plants, for example, electric generator, water
saippl& and so on. The cost of these common facilities is calculated
and distributed proportionally - to the - ratio of  costs hfu:]ependentlyr
required and estimated for each plant: Table 13-1 and 13-2 show
the cost of the ec;wpment proper to the natural gas pretreatment
plant and the LPG recovery plant respectlvely Table 13-3 shows the
cost "of the common portlon and Table 13 4 shows the cost of plants
after adjustment for common facilities.

The_ cost for spare parts for three year operation is included.

"The cost of the facilities for the natural gas pretreatment plant and

the LPGil'ecoire1'y "plaht.ar'e estimated based on the conceptual designs
as explained in Chapters" 7 and 8 and per construetion works explained
in Seéction 12-2.

Table 13-1 Cost Estimation of Natural Gas Pretreatment Plant Equipment

{Unit: Thousand Yen)

. S Cost . :

[tems - Description g Remarks
Foreign | Local

Drum 0.6mp x 1.8m CS 850 0 1.1 ton

| Heat Exchanger | 1 x 8.0 m’ CS/SUS 1,400 0 1.2 ton
Purps 11 x50 1/he x.21 kg/cm2 1,000 0

0.5 kw

Total | 3,250 0
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Table 13-2° Cost Estimation of LPG Recovery Plant Equipment

(Unit: Thousand Yen)

| T | Tost —
Items ' " Deseription C Remarks
: S 1 e Foreign | Local -
Towers - 1 x Deethanizer CS :
0.25/0.4'mp x 13.4m
1 x Debutanizer. CS .| R
0.45 x 11.9m : 8,000 0 8.8 ton
| Drums 2x.0.6mhx 1.8m ' _ . ‘
' 1x 0.5md x 1.5m 2,000 0 3.1 ton
Heat Exchanger | 1.5m,18m7,5m, 2m® CS
4w’ 18w | 1
CS/al-fin with fan . .| §,800 - 0
P.ui?ps 2% Tm/hr x 3 kg/c'r'nz'
2 x 3m/hr x 3 kg/em> | 4,000 | 0
LPG Botttling 10 t/8 hr
Tank 2 x 20 ton _ 32,0001 0
Odorant 1,000 0
Hot Oi1 Supply 16,000 | - 0
Laborat'ory ' I0,000 . 0
Total 82,800 | 0
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Table 13-3

Cosl Estimation of Other LEquipment and Works in Sengeti

(Unit: Thousand Yen)

Cost

Items Description _ Remarks
: ; Foreign | Local
Erection 3,250 M-H -
Crane 30 days 0 14,200
Bui lding Total 600 m 0 | 54,000
Civil Fouridation 150 m’
Pavament 3,000m” & etc. o | s2,000
Structure 30 ton 4,500 0
Piping 50 ton 20,000 5,800
Electrical 2 x 125 KW Generatlor
System Fuel Oil Tank
Distribution Panels _
& etc. 20,000 12,800
Instrunents Indicators, Controllers
Control Valves Corp. .
Air System 30,400 6,000
Water .Supply Purps & Head Tank
System & ete. 5,000 5,000
Painting 0 1,500
Total 79,900 151,360




“Table 13—4 Cost of Natural Gas Pretreatment and LPG Recovery

(Unit: Thousand Yen)

Natural Gas
Pretreatment Plant

LPG Recovery Pl_an't

Foreign Local ~ Foreign Local
Equipment 3,250 0 82,800 0
o (3.8%) (96.2%) :
Others 3,000 5,800 76,900 145,500
Tatal 6,250 5,800 159,700

145,500
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13-2-2 Natural Gas Pipeline

"Seamless pipes are-imported and used for the entire length of the

‘natural  gas: pibeline;'-- Contruction works " are  undertaken by 100&1'_

enterprises.

Table 13-5 Shows the cost.estimation of material and .constrl'mtion ‘works

for the -pipeline..

Acquisition and  transportation of - soil Ifor' the construction of foot

path mentioned in Sectjon 12-3 are included in civil works;

As'sumihg' erﬁpIOyment of qualified welders is :possible -in:Indonesia, all

construction. works are considered as local portion.

Table 13-5 Cost Estimation of Pipeline

{Unit: 'I_‘housand Yen)

Cost

Items Deseription Remarks
Foreigh | Local ' '
Piping Pipes, Flange 68,400 0 570 ton
' 20 km
Other Material | Valves, Coatings & ete. | 17,100 0
Civil Works Land Preparation & etc. 0 | 26,900
Erection Work |Welding, Cleaning, Test :
& ete, 0. 124,000
Total 85,500 | 50,900
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13-2-3

Power Station

Dual-fuel engines ~and all other: equipmént for-the péw_er.‘ station are

imported,. except -transformers.

are undertaken by Indonesian enterprises

-Building construction and civil works

.Expense for engine miaker's technicians to earry out engme installa-

tion works is included in ‘the forelgn portion in: the ereetion cost,

The : cost

Chapter 10.

is' estimated based: on :the - conceptual design explalned in

‘The cost for. spare parts for three years. operation are

included in the cost estlmatlon

Table 13-6 shows the cost of equ1pment bulldmg and construetton works.

"Table 13-6 Cost Estimation of Power Station

" (Unit: Thousand Yen)
Cost
Items Description Remarks
: Foreign | Loeal
Main Engines _ [4 x 5,000 kW
& Auxiliaries Dual-Fuel Engine 1,900,000 - 0
Main Generators | 4 x 6,250 KVA 0
Transformers _ _
& Panels 330,000 45,000
Other Facili- |Main Fuel 'Tank
ties 1 x 1,000 kI
Water Supply,
Incinerator Workshop = '
| Machines 30,000 0
Civil Works '-‘Foun'datioris &
Pavement 01 117,000
Bui ldings Main 1,400 i
Others 200 m 0 146,000
Erection Local 30,000 M-H
Foreign 15,000 M-H . :
Machine 150 days 255,000 92,000
Totatl 12,515,000 | 400,000
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13-2-4 Transmission and Distribution Lines -

~The cost of a 0.3 km"interconnection between the proposed power

‘station and the existing Payo Selincah power station, 9 km connection

between ‘the Payo Selincah power station and thé Kantor switching

station ‘and 5 distvibut_ioﬁ lines of about 3 ¥m' each are estimated.

The cost for switeh ge:al‘s and siitomatic pole switches netessary for

the above lines are also estimated.

shown in Table 13-7.

The resull of the estimation is

The cost is estimated based on the conceptual design mentioned in
Chapter 11. | ' '

Table 13-7 Cost Estimation of Transinission Line

(Unit: Thousand Yen)

. S Cost
[tems Description - 4 .Remarks
Foreign Loecal
Inter Connec- 20 kV 38 U.G. 5 . Inel.
tion Line 0.3 km x LPE 325 mn ] 1,600 Erection
Connection Line | 20 kV 3%  U.G. 9 - Inel.-”
9.0 kin x LPE 400 mm 0 59,000 Erection
Distribution 20 kv 34 O.H. o] | Inel..
Lines 5% 3.0 km 6,300 18,000 Erection
‘Switch Gears 1 x 7 Feeder
o 1 x 5 Feeder : .t Inel.
plus auxiliary Panel 48,200 6,200 Ere_ction
Automatic Pole" . - incl.
Switches 10 switches . 17,2060 100 Erection
Total 71,700 84,900
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13-2-56  Ocean Freight and Insurance

Ocean freight and insurance are es_tirhated using in house data,
The coé_t for loading of__c&:'gqs_to ocean "goiifg'vessel and unloading to
barge .alongside the vessel is included in the ocean freight charge.
Insurance _éovers_ marine transportation for the imported g_oods.

The result of the estimation is shown in Table 13—;8.-

Table 13-8 Ocean Freipht & Insurance

{Unit: Thousand Yen)

‘ _ : : Cost . o
ITtems Deseription Remarks
Foreign Local '
Equipmént to about 150 ton _
Sengeti ~ value 165,950 8,300 0 5.0 %
. Pretreatment _ ' ‘ 300 0.
. LPG : 8,000 0
Pipeline about 600 ton o ;
' value 85,500 13,000 0 3.5%
Power Station about 800 ton ' : :
S value 2,515,000 102,000 0 4.0 %
Electric Line | value 71,700 2,500 S0 3.5 %
Total \ "115,800 0
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13-2-6 Ih}‘and “Transportation

_:I‘r‘énsportn_tio'n by barge to Jambi and Sengeti after -imfgortation at
. Jakarta and land . transportation to the site after arrival at the port
of Jambi: and Sengeti is estimated, based on. the concept mentioned in
- Chaptler 12, __ ) _
Four 12 axles trallers are assumed ‘to ‘be arranged- from outside of
Indonesia, ‘concequently rent of them.is included in the foreign portion.
The cost for construction of the temporary piér is included In the local
pobtibn. The result of the estimation is shown in Table 13-9.

Table 13-9 Inland Transportution Cost

{Unit: Thousand Yen)

Cost

Items ~ Description ' Remarks
Foreign Local
Equipment to SRS :
Senget'i about 200 ton 0 4,000 | Barge
. Pretreatment ‘ _ .0 200 :
LG 0 3,800
Pipeline about 600 ton : 0 3,500 Barge
Power Station |Main Engine about 500t
Others about 500t - Barge
Temporary Pier and
100 t Trailor _ Trailor
4 x 14 days 55,000 . 54,000
Electric Line o | 0 1,000 | Barge
Total '} 55,000 | 62,500
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13-2-7 Engineering Fee

Engineering fee ‘comprises cost for planning ‘and-: designi‘nglf plarit. The

cost for designing each’ equipment is not included ‘as - engineering fee,

but included in: the cost listed ag-equipment. .. -

In principle, planning and basic design of plaits are included in

“the foreign portion and detailed design in the l.or‘:al_ portion.’

The result of the estimation is shown in Table 13-10.

Table 13-10 Engineering Fee

~ (Unit: Thousand Yen)
Cost
Items Description Remarks
' Foreign | Loeal
Equipment to Foreign : 3,125 M-H 25,000 | - -
Senget i Loeal 2,000 M-H - - 5,000
. Pretreatment 1,000 : -
. LFG 24,000 5,000
Pipeline Foreign : 500 M-H 4,000 -
: Local’ 1,200 M-H - 3,000
Power Station | Foreign : 8,000 MH 4,000 - -
Basic Design Foreign : 12,000 M-H 150,000 -
: Local 4,000 M-H - 20,000
(Land Survey)
Total 243,000 | 28,000
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13-2-8 Supervising Fee
~Supervising fee is calculated based on the planning in Section 12-10.
-Expénses' for: local: personnel are included as the local portion. 'Travel

ekpense Is:assumed tentatively as 300,000 yen for each round trip.
Table 13-11 shows the calculation resuit.

. Table 13-11 Supervising Fee

(Unit: Thousand Yen)

. . :C.o'st :
Ttems- - ° . . Description : : L Remarks
' Foreign Local
(Sengeti) 8.5 MM, 2 Travels 21,850 1,800
. Pretreatment | 0.33 M-M, 0.08 Travel | 849 0
. LRG 8.17 M-M, 1.92 Travel 21,001 0
: . - | Assist 9 M-M x 2 0 1,800
Pipeline 7.0 MM, 1 Travel 17,800 0
S 7.0 M-M(Local,Civil)+ |- 3
-l Assist T MM x 2 0 2,800
Power Station |31 MM, 8 Travels | 79,500 0
Consultant . |27 M-M, 4 Travels | 68,700 0
: Assist 27 M-M 0 2,700
Total - 188,250 7,300
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13-2-9

Acquisition Cost of Land

Price of the land in Jambi area may not be expensive compaied with -

that of other areas in Indongsia, because demand of ‘land utilization is

still in low level. However by the. same reason, market price of land

is seemed not yet 'establishéd to be used for estimation in -ordinary
way. - : ' | ) _ _

A'ssuming_ full collaboration he extended by land owners who. under-
strand public contributions of the project, the land acquisition éost is
esti_mate'd. Table 13-12 shows the result.  Areas to be acquired are
pased on plan showed in Chapter 11. _ '

The land for the natural gas' pretreatment plant an.d the LPG recovery
plant is possessed by PERTAM_INA, however the cost of the land is
estimated in balance to other plént ‘and is included in the cost.

Table 13-12 Land Acquisit'ion Cost

(Unit: Thousand Yen)

Items Description

Cost T :
Remarks

Forelgn Loecal

(Sengeti) 8,000 o | 21,000
. Pretreatment 4] 2,000
. PG :

Pipeline 200,000 m° 0 | 38,000

Power Station 9,600 m 0 12,300

0 18,000

2

2

Total | 0 71,300
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13-2-10

Administration Cost

' _Adljh'ini_st'ration cost compi'ises' the indirect cost such as main office

13-2-31

13-3

expenses, cost for inventory, guarantee. works and so on for the
compames who wili furnish the equ1pment ‘and the services for the

prOJect

='I‘he admmlstratlon cost is esl1mated about 6 percent of the total cost

except the land acquisition, the contingency and the administration

cost itself.
‘Contingency

Cost is estimated based .on the .conceptual demgns in this report,

however it is not avmdable to under estxmate the cost because there

_a_re_two sorts of _dlfflcultl_es, one caused by _lack of detalled

specification and the other caused by uncertainty of the cost
ihfdrmétion. -In.order: to cover the risk, 2 to 10% contingency is
added on the cost, after exercising -gdod judgment for applicable
percentage of the contingency: for each item.

There are some uncertainty for the land acquisition cost, however it
is not added because of difficulty to assume under the current situa-

tlon descrlbed in Sectlon 13-2-9.
Sumr_ﬁary '

Table 13-13 shbws the summary of the cost estimation.

The  construction ‘cost in total is;

Foreign portion: Japanese Yen 3,750,016,000
| = U.S.Doliars 29,278,700

Local por.tion: ' Japéhese Yen 923,800,000

o = Rp 12,009,400,000

As 1t ts assumed to utlhae Indoneslan techno}ogy and products to the
- maximum possnble extent, the result of the cost estimation shows

relatlvely hlgher iocal portion than d_ther projects experienced in

Indonesm
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14. OPERATION PLAN

An enterprise to implement and manage the project is yet to be decided.
.H.o'we‘v_ér,‘ if prac_tid_al capability: :for -planning,. production, sales and mainte-
nance is consider‘ed, in addition to sécuring of_t:‘ain_ed personnel, the most
desirable scheme will be that PLN will own and operate the power plant and
PERTAMINA ‘will,‘own'and operate the- natural gas treatment facilities ihcluding
LPG Recovery Plant. ' -

The ‘discussion hereunder is based on the understanding that the proposed
plants are managed ar_ld'ogei'ated! by PLN and PERTAMINA as presumed as

above,

14.1  Operation Plan

.The.-f_o_llowing operation plan is contempiated for the major facilities
.of this project, which are scheduled to start operation in April, 1995,

(1) Power Plant

The continuous (')peréting output of dual-fuel engine generators
for 'th‘e' _proposed power plant, namely, the normai capacity of
| the p.ower plant is 85% of the rated plant capacity, but the con-
t'inuous___op_erat'ion for = .ceriain:period of time at 90% of the

rated output is possible and will not pose any problems.

_As deseribed in C_hagite_r &, the propbsed power plant is planned
-to,bé-.used_ .85 4. bas_e. load power plant.‘ and the demand at t'he
outlet of the power plant:is forecast in 1995 to exceed 17 MW
. whieh “is .the. normal output of.the power plant. Therefore, the
.. proposed.-power .-pliant_'will,-,commehce its. oper‘atioﬁ at the output
. 6f_ 17 MW (4.25 MW x 4 sets). and will be kept at that output
tevel normally all the operating time. Each .of four installed
generating units requir'es maintenance period of twice a year,

each 20 days. In order not to ihterrupt the total operatibn of

-1



(2)

the power plant, maintenance work will be carried ‘out_one unit
at a time. While any one unit is withdrawn from operation for
the pufpose of maintenance, ‘the remaining three units will be
operated :at 90% .of the rated output of "rria'chi'n'és,'.' aiming to keep '

" power reduction. minimum. Figure 14-1 shows annual opetation

-plan of the power plant.

Therefore, the output of the proposed power plant is scheduled

as follows:

- Normalaopéfating period {205 'days):' 4.25 MW x 4 sets = 17 MW

- Maintenance period (160 days): 4.5 MW x 3 sets = 13.5 MW

Supply shortages for base load demand: during maintenance period
and for peak load demand will be covered by supplies from
PLTD Kasang, PLTD Payo Selincah or from a diesel power plant
of 5 MW x 2 sets pl'anned' by ‘PLN to commence its operation in

1992.

Daily 'operation control of these poweb plants is 'ma.naged by

PLTD Kasahg of PLN, as being done at present.
Natural gas production facility, prétreating facility and pipeline
Main purpose of operation of these facilities is to supply fuel

gas to the power plant:-

Therefore, i't_s processing gas rate varies corresponding to the

- required fuel gas rate by the power plant and ‘the processing gas

rate will be’ 80% of ndrmal-'flow rate during the maintenance
periodbf the power plant.

If gas flow_'_ rate is remained unchanged ‘during maintenance
pe.riod to ease operation, approximat‘elyf?o% of the gas has to
be flared and this is hot recommendable 1n view of effective use

and conservation of natural resources,
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14-2

(3) LPG Recovery Plant

Since the raw material for' this LPG Recovary Plant is the con-
‘densate produced at the naturai gas. prooessmg facilities where
natural gas is treated to fuel gas for ‘the proposed power plant,
,_LPG productlon rate will vary, conreqpondmg to’ output of the power
plant as followa '

Normal operating time of power plant: 9.03 tons per- day

"During'hiaintenance period Of_powet';'p'lant: 7.94 toris_'p_er day

Although it is p0351b1e to operate the power plant contmuously,
it s necessary to cease operatnon of LPG uecovery Plant -once:
2 year fo_r a-duration of 30 days for ‘the purppse of mamtenan_ce
work ' o
'It is possxble to. carry out a mamtenance work of the LPG Plant
.concurrently with that of the power plant to max1mlze LPG pro—
~duction. If maintenance IS planned as above operatlng days - at
9.03 tons per day and at 7.24 tons per day are 205 days and 130
"_days respectlvely, and total LPG - productlon will be 2,792 tons
per yem ' ' R .
.-_Whlle LPG plant is not operated rav@r' material condensate will
" be _sen_t_ to oil storage tank via Medium andeow Pressure Sepa-
rétdrs' in.the existing GOSP. If there is trouble in LPG
Re’(‘:tjvery'Plé_nt, the condensate will be handled in the same

© manner.

- Organization and Personnel

Scenes bf operation of this project are divided in two places, namely,
Payo Selincah where the power plant is located and Sen'geti. where
the LPG Recovery Plant is installed. 'I_‘herefore, it is necessary to
divide numbers of operating personnel :in.toi two:.org'anizafib.ns '..for' two
locations. Since kind of plant is different in itself, completely

separate two organizations are required.
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() ‘Power Plant E

Figure 14-2 shows the organization and numbers of personnel
required for operation of the proposed power plant. .

Plant 1
Manager

._\rmmber of personnel

Chief
Engineer

Engineer| 4%

Operator| 8%*%* Guardsman| 3

¥ + 1 person ¥ 4 shifts

Xk . 2 persons X 4 shifts

' Figure 14-2 . Organization Chart of Power Plant
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_A's has already been explained, control of transmission of elec-
tricity among all power planis is managed -and carried out by
PLTD Kasang, so the organization required in:the proposed power
plant  wili mainiy ‘be "operatlng"persoﬁnel for the générating
fa'cility. It is assumed that maintehande'persmmel required
for maintenance wbrk of the px‘oposéd power plant will be assisted -

by experienced maintenance personnel of_ other power plants.

Natural Gas related Facilities

2)
Figure 14-3 shows the organization and number of personnel
required for operation of the natural gas pi-etreating facility,
the "LPG Recovery Plant and auxiliary facilities being
constructed at Senpeti area. ' o
Plant '1
Manager
1
\ nummber of personnel
Engi 2 Administration 2
ngineer| Clerk
Laboratory| Shift | ,4
Analyst Foreman
. LPG Bottling . ' :
Operator| g Operator 4 Guardsman| 3

* : 1 person ¥ 4 shifts

* X

: 2 persons ¥ 4 shifts

Figure 14-3 “Organization Chart: of Natural Gas Processing Plants
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14-3

In Sengeti area, there exists wellhead faéility and GOSP which
~are not operated at present._: When this project is implemented,
these 'fﬁcilities will have to be operated. However, since these
. facilities are outside of scope of work for this project, oper-
ating  personnel . for those facilities are mnot included in this
Figure, -
It is possible IfOII‘. personnel required: for this project to take care
operation of the existiﬁg facilitiés, as number of operators as
planned as above will not increase even -if operation of the
existing facilities is included. . It is planned that maintenance
personnei fof the facilities in Sengeti will be assisted by mainte-

nance personnel from similar. facilities such as Kenall Asam.

~ Operation Supervision and Training Plan

This project. handles natural gas and LPG which are inherently risky
substances and possesses & high .sgicial responsibility - to supply
electriéity to the society. Therefore, the operation should be carried
out efficiently and safely without inter'r'l.lptionf In order to satisfy
their requirements, all,operéting personnel should be trained thoroughiy,
so that each member does fecognizé his .responsibility and is well versed
to his own duty of operation. -

Ope.rator's'for each facility should be trained ovefseas or in similar
plant domestically prior to commencement of operation, in addition to

training by supervisors dispatched from foreign countries.

(1) Power. Plant e
Dual-fuel engines will be adopted for this project. The mechani-
cal features are very similar to those of diesel engine, thus it is
planned fo employ experien_ced operators of diesel engine generator,
Therefore, main purpose of training is to. understand difference
of - operation of du_al—fdel engine generator from that of diesel

. engine generator and its training program is described hereunder.
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‘(a) Training in the country of supply of the -generator - '

Objective: .
To ‘uriderstand ‘mechanical ~features ~and operation
characteristics of the dual-fuel engine generator
Trainee: '
1' - mechanical engineer
l- 'electrical engineer
Duration: -
One mcihth.prim- to commissioning.
- Loeation: S _
" Factory of the manufacturer of the generator eguipment
and of its users : '
Trainef:

Engineers of the manufacturers of the generator eduipment
(b) ‘Training at jobsite

Objective:
To 'master actual operation of the dual-fuel engine
- generator
Trainée:
All operating personnél
Duration:’ '
During comm'ission_ing period
Location: _
In the proposed power plant at Payo Selincah
Trainer:

-Commissioning supervisors
(2) Natural Gas related Facilities
Since the natural gas related facilities handle high pressure
natural gas and LPG"_which are-inherently risky r_haterials, 'training

to aim at safe operation of the plant is particularly required.
Fortunately, PERTAMINA who is supposed to own and operaté these
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facllities possesses many -of ‘similar facilities in various places in
the Republic. Therefore, ‘it is very feasible to recruit experi-
enced operators and also it is possible to train operators at
some of the existing 'plants‘priol‘ to completion of construction of
the"{:‘tl'ant: contemplated in' this project.

(a) Education and training of engineer

Objective:
To understand actual operation of production and treat-
“ment of natural gas, LPG recovery, LPG filling.
Trainee: '
2 .engineers
Duration:
2 months
.Loca_tion:
- Plants of PERTAMINA
Trainer:
Engineers of PERTAMINA

b) Understanding of operation manual

Objective:
To master operation method by complete understanding
of operafion manual.
- Trainee: .
All operators
Duration:
“I'wo months pr’iorto commencement of commissioning
Locations:
Office at Sengeti
Lécturer:' |
E'nginéers of the entity
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(e) Education and-Tréining by. Supervisors

Objective: oo : :
‘To learn 'actu_afl operation, especially start-up and shut-
down operation and operation procedure for emergency
cases. |

Trainee: . .-

All operators

Duration: o
During commissioning period

Location: :

Plants riewly erected at Sengeti

Lecturer:

Commissioning supervisors

Please refer to Figures 12-2 and 12-3 in Chapter 12, regérding dispatehing

schedule of supervisors.
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15-1

15, “TOTAL INVESTMENT COST

General :

In f_his Chapter, the total investment cost required to implement this

- project.is ealculated':by;_éom’p_utihg pre—operétion cost, initial working -

" capital .and interest during construction, based on the investment cost

deseribed in-Chapter 13 and the construetion schedule rﬁ_ention’ed in
Chapter 12.. In computing the total. investment cost, the following

premises are used in accordance with the discussion with BPPT,

(1) Conversion Rate of Currencies
It is difficult to foresee future conversion rate of currencies.
Therefotre, the conversion rates prevailed at the time of Februa-
ry, 1988, when field survey was conducted, is applied for this
feasibility study.
1 .U;S.Dollar = 1,6_65 Indonesian Rp = 128 Japanese Yen

(2) Price Escalation

Alll_'ébst are c:alculatéid__by the present value of 1988 and escala-

“tion is not applied..
(3) Tax

Imp:ort duty is exempted for all impdrted materials and eqi.xip~

'men_t for this project,

" {4). Source of Funds

It is assumed that the funds to cover the foreign portion will
be financed by long term loan of appropriate loan conditions and
the funds for the domestic portion will be covéred by own equity.
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‘For the purpose of  conducting financial analysis, two interest
rates are introduced, namely, Case 1 with annual interest rate
of 12% and Case 2 with 3.5% (Refer to Chapter 16 for detail).

(5) Construction Perjod
_ Although the construction .period is defined as 22 months in
Chapter 12 CONSTRUCTION WORK, - a -contruction period of 24
months (2 .years) is adopted for the purpose of conducting the
financial analysis.
15-2 Summary of Total Investment Cost
Summary of the total inveSUnent bost_baséd on the financial sources

as defined above is shown in Tables 15-1 and 15-2.

Table 15-1 Total Investment Cost (Case 1)

(Un_it; Million Yen)

Foreign |  Local Total
Portion __Portion
Plant Construction Cost : -
~Land Acquisition 0.00 _ 71.30 71.30
~Plant 2,838.15 | 687.10 3,526.25
Ocean Freight & 115.80 - 0.00¢ 115.80
Insurance .
Inland Transportation 55.00 62.50 117.50
Engineering Fee 243.00 28.00 - . 271.00
Supervising Fee 188.25 7.30 195.55
Adninistration Cost 228.42 0.00 229.42
Contingeney - _ . : 80.490 © . .B7.60. . 148.00
Sub-total 3,750.02' -923.80 4,673.82
Pre-operation Cost 1.40 | #si26- ] 0 47.66.
Initial Working Capital 0.00 19.24 . 19024
Interest during Construction _ 496.747_7 000 |- 496.74
Total R 9 4,248.16 | 989.30° | 5,237.46
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Table 15-2 Total Investment Cost (Case 2)

{Unit: ‘Million Yen)

“Foreign | Leeal |  Total
Portion Portion '
Plant Cbnstruqtlon Cost o
Land AcquISItlon - 0:00 71.30 71.30
Plant. -~ =5 : : 2,838,157 687.10 -} - 3,525.25
Ocean Flelght & . _ 115.80 0.00 115.80
Insurance ' o
Inland Transportation - 55.00 6250 117.50
Engineering Fee 243.00 28.00 271.00
Supervising Fee . 188.25 7.30 185.55
Administration Cost - - 229,42 - 0.00 - 229.42
-Cont ingency o , 80.40 - 67.60 148.00
Sub-total : 3,750.02 | © 923.80 | 4,673.82
Pre-operation Cost | 1.40 4626 47,66
.Initial Working Capital _ G.00 19.24 19.24
Interest during Construction 139.84 _ 6.00 139.84
Tatal - 3,881.25 | ~ 989.30 4,880.56

15-3  Plant Construction Cost

Plant -construction costs are consisted:of the following items (For
detail, refer to Chapter 13). '

(1) Land Cost
" The following costs for acq'uisi_tion of land are estimated.

Land for the natural gas pretreating plant and the LPG Recovery Plant
8,000 m’ -
Land for the pipeline }aymg
' 120,000 m
Land for the power plant.
9,600 m

2 .

2
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o)

(3)

()

(5)

(7

Plaﬁt Cost

All 'necessar_y costs for materials equipment construction ma-
'terials and equipment, land preparation, - foundatlon work, instal-
latlon works and so on are estlmated for “construction of the
natura] gas pretreatment facﬂlty, the LPG Recovery Piant the

_plpellne_, the power plant and the transmlsmon lines.

Ocean Freight and Insurance -

Ocean freight and insurance fee are estimated to transport the
equipment and materials on surface from the source of origin to
the port of disembarkation of Jakarta.

Inland Trarisportation

Necessary inland transportation cost is estimated to transport

the equipment and materials from Jakarta to plant sites.
Engineering Fee

Design fee and survey cost for the project -are estimated. How-
ever, the design fee for individual equipment is included in the
cost of the equipment.

Supervising Fee

Cost for supervisors and their travell'ing expenses are estimated,
-who will be dispatched to job sites to supervise the installation
work and operation training.

Adminjstration Charge

Administration charge - is estimated to cover head office fee,

interest, compensation work, insurance fee for employee dis-

- patched for oversea job and so on.
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. {8) - Contingency

Contingency 'is calculated and includéed in order to cover
unknown factors ~which may cause overrun of & budget estimated

by the conceptual design stage.

Pre-operation Cost

"~ Prior ' to commencement- of operation, various costs and expenses will

be required. The following costs are estimated for the project.

- (1) - Training Cost (Oversea)

“The following costs - are -estimated as the  foreign currency
portion ‘for “training of two persons for a period of one month in
the country where the equipment is' to be manufactured, to learn

operation of the dual-fuel engine er the power plant.

Travelling cost: ¥300,000 x 2 persons.= ¥600,000.
Living expense: Y400,000/M.M x 2M x IM = Y¥800,000

(2) Training Cost (Domestic in Indonesia)

One year prior to commencement of 'dp'er'ation_, necessary persons
for: operat.ion will ‘be employed and be trained. For t_his'project,
600 million Rupiah (about -46 Million Yen) are estimated to train
n‘eée’ssary number of. operators. For detail of the labour. cost, refer
to Chapter 16 FINANCIAL ANALYSIS.

(3) Commissioning Cost

The first one month of 4 month trial operation and commissioning
' perio_d will .be spent to operate 'fhe dual-fuel engihe on diesel mode
without imposing ‘any load (LPG will not be recovered as a mat-
ter of course). Remaining 3 months will be used to operate the
' engine at 50% load (on gaé consumptidh basis) for commissioning

purpose.
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15-6

Costs for raw materials consumed during the 3 month period are
- considered ‘compensated by revenue of final products  of elec-
tricity and LPG. Labour cost for this period is estimated in (2)

‘above and not counted as the cdmmissio’ning cost,
Initial Working Capital

Some sort of the cost are prepared to maintain sméoth:operation of

- plant, before commencement of operation.. The.cost of spare parts

and - purchase pric'e_df raw materials are. usually included. - However,
the cost of spare part is included in the investment cost for this
project and raw material “will be ‘readily . available -.in'_g.fhis case.
Therefore, the amount of 200 Million Rupiah (about 15.4 Million Yen)
to: purchase’ dlesel oil of full volume of the storage tank (1,000 kilo

‘liter) is. considered as the initial working capital; in addition to 50

Million Rupiah {about 3.85 Million Yen) to cover the labour cost for

cne month period.’
Interest- during Construetion
Interest dur'ing construction of the plant is estimated based on the

dishursement schédule for the: plant cost. For the purpose of con-

ducting the financial analysis for this study, the payment is

~scheduled to. make 15% of the econtract amount at the time of com-

mencement of' construction, 15% afteriﬁ. months; 40% after 12 months,
25% after 18 months, 5% at the ‘time of complet.ion of.,constr'uction (24
months after ‘commencement of donstruction). - Tables  15-3 and 15-4
show the payment schedule of the total investment .cost during the

plant construction -period,.
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16. FINANCIAL ANALYSIS

16-1  Method of Financial Analysis

In this 'study, evaluations of LPG recovery project and electric power
generation project are conducted based on the following assumptions.

PER"I‘.AMINA owns and op:er'ates the facilities of natural gas produc-

tion, pretreatment, LPG recovery and gas pipeline.

PLN owns and operates the poﬁrer plant and transmission and distribu-

tion lines.

In the evaluation of LPG recovery project, firstly, the production cost
of LPG is. calculated based on 'the._investment cost and the ‘operation
cost, and the results are summarized in a form of Production Cost
Accounting Table. In case that the calculated production cost is
adequately cheaper than the wholesale price at which PERTAMINA
‘sells LPG to retailers, following financial statements are prepared and

Financial Internal Rate of Return (FIRR) is calculated.

. Profit and Loss Statement
. Fund Flow Table
. Balance Sheet

In case that the production cost is higher than the wholesale price,

" LPG selling brié‘é at which inyestment' cost can be covered is calculated.

On thé other héﬁd,_’ the major' objective of the financial analysis of
~ the 'élebtrié power generétio_n' projié_ot' is to caleulate the recommend-
a"bzlé"'__ fuel gas 'pr'_icé:'at;_the' inlet of the power plant. Concretely, the
abdve fi.nar_lcial‘s”tate'l_'nents are prépaz_‘ed'-for‘ three - cases of fuel gas
prices and F.IRR is calculated. * In addition, a comparison of generat-
ing cost with diesel power'plant, that - is considered to be the most

realistic alternative at this stage, is conducted.
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16-2  Major Premises for Financial Analysis

This section describes the basie data and c’onditions for financial

analysis.
(v Pr:oject Life

Construction Period: Z years
. Operation. Period; 20 years

{2) Price Base

All prices and costs such as investment cost, producfion costs
and sales prices are caleulated at the fixed pr'icé in February
1988, and price'esc_a_lation is not in_corpt.)r'ated. The gal.culation
is made- in.-local currency, and the foreign currency portion is

converted by using the followir_lg exchange rate. _

US$1 = 1,665 Rp
1 Yen = 13.0 Rp. . .

(3) Operation and Sales Plan
(a) Power Plant

Based on the "Operation Plan" menticned in Chapter 14, the
power plant. Will be operated at 17.0 MW for 205 days and
at 13.5 MW for 160 days. ‘The energy, deducting a 'station_
service enérgy (5%) and transmission and disfribution losses
(10%) from the genervated energy, is regarded as energy be-
ing sold. The selling price of eléct_r}iéity is. set at 100 Rp/
kWh based on the average selling price at Jambi City and

surrounding &reas.

16--2



(b) LPG .Recovery Plant

-The . recovered LPG. is  sold in_Jaﬂibi area, However,

surplus LPG is sent to Palembang during the period when
production exceeds the d'em_and in Jambi. Table 16-1 shows

the summary of sales plan prepared based on the results of

the market study.

Table 16-1 Sales Plan of LPG
{Unit: tons/year)

Jambi C.i'ty :Pi:llmbaﬁg_ Total

1st-year 1,563 | 1,229 2,792
2nd-year 1,725 1,087 2, 'f92
3rd-year 1,016 876 2,792

~ 4th-year 2,132 660 2,792
Sth-year 2,389 403 - |° 2,792
Bth-year 2,691 100 | 2,792
. 7t.hfyear and .after 2,792 . .0 2,792

Marketing of LPG is entrusted to the domestic sales

~ department of PERTAMINA (PDN). LPG is to be delivered

to PDN at 240 US$/ton at a gate of the plant, and PDN

sells ‘the LPG to retailers at 500 Rp/kg (300 US$/ton). In

this case, the gross profit of PDN is 25% of ex-factory
price of their purchasing price. The salés_ price for
Palembang is set a 75 Rp/kg (45 US$/ton) by deducting
transportation cost from Jambi to Palembang (125 Rp/ke;
75 US$/ton) from transfer:price (200 Rp/kg; 120 US$/ton)

at” which the production department of PERTAMINA sells
LPG to PDN. | | |
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(5) Income Tax

The féllowing income tax’is.levied on this ‘projeci based on the
National Taxation System enforced in 1984: '

Taxed Income (Million Iig) - © Tax Rate (%)
Upto 10 : 15
Over 10 to 50 25
Beyond 50 S 35

In case that loss is counted, the loss can be carried forward for

5 years.’
(6) Depreciation

- The bases for depreciation are as follows:

Ttem Method for Depretiation
Machinery & Equipment 10 %, Declining Balance
Building o 5 %, Declining Balance
Pt'e—o'peration Cost 50 %, Declining Balance
Interest during Construction 50 %, Declining Ba_lancé

(7) Working Capital

Working capital is the, fund required, for the continuation of
daily operation. = In this study,  the working capital is defined as
the balance by deducting the current liability from the current

assets as shown below. .
(a) Current Assets
. Cash

The amount to cover the labor cost for one month is re-

served as cash,
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- Account Receivable
Sale revenue of one month is counted to be account receiva-
ble assuming .that sales -proceeds of LPG and electricity
will be collected one month after the sales.

. Raw Material Inventory _
1,000 kiloliters of diesel oil is reserved at the power plant
as inventory.

(b) Current Liabilities

. Account Payable
The equivalent- of one month of costs for fuel and utilities

are counted as account payable.
{(8) Financihg'Plan

The fmancmg plan for the executlon of th]S project is not fixed
yet. In this Chapter based on the calculatlon results of "Total
Capital Investment" mentioned in Chapter 15, it is assumed that
_;20% of the plant investment -cost is c'ovet'éd by! the"own fund
and 80% is covered by the l"on_g—te'r'n'i loan, 'Th'e'_ finaﬁeing condi-
tions of 1ong—t'erm.-loén.is sét‘ as follows in. accdrdance with the
discussion with BPPT.

_ _ Casge-1  Case-2
Interest 12 % 3.5 %
Installments, times 206 18

. Repayment, years 10 o 18
. Grace Period, .yéai's ' 0 | 7

In case that _shortage of fund is occurred after the start- up of
plant operation, the shortage will be covered by the equity and
pald off when surplus becomes positive,
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16-3 Total Capital Requirement
Althoﬁgh’ ‘the ‘total costs’ for ‘the entire project is calculated in
Chapter 15 "TOTAL INVESTMENT. ~COST", in: this Chapter, capital
costs for LPG recovery project and the electric power generation
-project (including transmission “lines) are  calculated in order . to
-evaluate the profitabilities of ‘each project. In caleulating the capital
cost ‘for each project, the costs for basic design and consulting are
allocated in proportion to the plant cost. Tables 16-2 and 16-3 show
the breakdown of total capital investment for two cases of financing
conditions. o
Table 16-2 Total Capital Investment (Case-1)
(Unit: Million Rp)
Plant Investment Cost

Total

Power Station & Transmission Line _ 51,375.79
Natural Gas Pretreatment & Pipeline 1 3,337.92
Sub=total ‘ S 60,759.61
Pre-operation Cost _
LPG Recovery Plant = : L : 277.86
Power Statlon & Transmission Llne _ 272.28
Natural Gas Pretreatment & Pipeline _ 65.46
Sub-total S 619.60
Initial Working Capital
LPG Recovery Plant : 23.15
Power Station & Transm1ssmn Line 221.17
Natural Gas Pretreatment & Pipeline 5.79
‘Sub-total - 250.11
Interest during Construction ,
LPG Recovery Plant : 6540.69
Power Station & Transmission Lme 5,444.35
Natural Gas Pretreatment & Pipeline 3563.72.
Sub-total 6,438.76
LPG Recovery. Plant : : ' o . 6,987.60
Power Station & Transmission Lme o 57,313.59
Natural Gas Pretreatment & Plpelme_ ' ' 3,766.89
Sub-total _ 68,068.08

LPG Recovery Plant ' 6,045.90
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~Table 16-3 - Total Capital Requirement (Case-2)

(Unit: Million Rp)

Plant Investrment Cost : ' .
LPG Recovery Plant.: - : ' “6,045.80

Power Station & Transmission Line , C §1,375.79
Natural Gas’ Pretreatment & Plpelme _ 3,337.92
Sub-total - r ' 60,759.61
Pre-operation Cost - o
LPG Recovery Plant 277.86
Power Station & Transmission Line . _ 272.28
Natural Gas Pietrealment & Pipeline 693.46
. Sub- total - B619.60
Initial Working Capital : :
LPG Recovery Plant o 23,15
Power- Station & Tr ansmission Lme 221.17
Natural Gas Pretreatment & Pipeline 5.79
Sub—total' . 250.11
Intelest during Construction
LPG Recovery Plant _ 180.36
Power Station & Transmission Line 1,532.64
Natural Gas Pretreatment & Ptpel;ne ' 99.58
- Sub-total : 1,812.58
Total S ' .
LFG. Recovery Plant '6,527.27
Power Station & Transmission Lme 53,401.88
Natural Gas Pretreatment & Pipeline 3,512.75
Sub-total . : 63,441.90

16-4 Operation Expenses

Followings are costs and expenses necessary for LPG recovery and

power generation.
(1) Raw Materials
'(a‘). LPG.- Re’c.ov'ér'y'
" Condensate '[_"equi'r.éd' for ‘the .:jeqo'very of LPG is 2.35 toﬁs/

ton.LPG. The price of the condensate supplied from GOSP

is set at zero because of the following reasons.
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Condensate should be-. transported ' to Palembang because
there is no demand in Jambi.

. LPG fraction will be volatilized during transportation, if
LPG is not recovered by this pro;ect

. Separated gas and llqlJld at LPG recovery plant are effec-
twely used as fuel gas an_d naﬁp:al gas_olme respectwely
In' view of the above, in this 'project, unusable  by-product

is used as a raw material to LPG project.
(b) Power Generation

The required fuel gas and diesel oil for power generatlon-_
by ‘using dual-fuel engme are as follows: '
Fuel Gas: 1.30 x 10° MMBTU/year

Diesel Qil: 4,413 kiloliters/year

The pmce of fuel gas is not. fixed yet. 'I‘herefore the
fmanmal analysis is conducted for the follong three

cases of gas price in order to calculate the recommendable

price. .

. Case-A: 2.53 US$/MMBTU (4,212.45 Rp/MMBTU)
. Case-B: 2.10 US$/MMBTU (3,496.50 Rp/MMBTU)
. Case-C: 1.50 US$/MMBTU (2,487.50 Rp/MMBTU)

(2) Utilities
(a) LPG Recovery

The required utility at LPG recovery plant is only fuel gas
for a power unit and for a hot oil facility, and a part of
fuel gas for the power plant is used as a. thlllty gas.. The
requirement of utility gas is 70 MMBTU/ton of LPG and
the price is set at 2.1 US$/MMBTU_, which is the middle

case of 3 set prices mentioned above.
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- {b) Power Generation

At the powei‘ plant, electricity is required for lighting and
- power som-eés.of auxiliary :equipment, -and power loss is
-occurred at transformers.  In UﬁSuStudy, thé total amount

of the. abo_\'fe-‘:consumptio_n--.a'nd loss (station service energy)
is estimated to be 5% of total generating éhergy. The
~.main consumable goods at the power station is lubricating

oil.. -The unit consumption and unit price of lubricating oil
~are 1.65 liter/MWh and 1,501.5 Rp/liter, respectively.

(3) Labor Cost

‘Based- on the "Operation Plan" mentioned in Chapt.er 14, the fol-

lowing labor cost including allowance are. calculated.

Table 16-4 Labor Cost

Unit: US$/year

Natural Gas Proéessing Plants _
Plant Manager (1 Peréon) 21,000
Engineer ( 9 persons) |  .100,800 .
Operator ) _ ( 8 persons) 67,200
LPG Bottling Operator { 4 persons) 11,200
Guardsman ( 3 persons) - 8,400
Sub-total {25 persons) 208,600

- Power Plant
" plant Manager (1 Person) 21,000
Engineer { & persons) 56,000
Operator { 8 persons) 67,200
Guardsman { 3 persons) 8,400
‘Sub-total (17 persons) |- 152,600
Total: : : (42 persons) |~ 361,200

16—9



16-5

16-5-1

To allocate the labor cost of hatural gas proc'essing plant's (Pre-
treatment, LPG recovery and pipeline) to each plant is rather
difficult, therefore, in this' study, 80% of the labor .cost is
allocated to LPG =:ré00very plant and 20% are allocated to other
plants. Based on the above, the required annual labor cost of

~this project is summarized ss follows:

'LPG recovery plant: 166,880 US$ = 277.8 MMRp

Power plant: 152,600 US$ = 254.0 MMRp ‘ -

Pretreatment facil_ity and pipeline: 41,720 US$ = 69.5 MMRp

(4) Maintenance Cost

The cost for maintenance of LPG recovery plant:is set to 3% of
the plant cost. Maintenance cost of the power plant is estimated
to be 13 Rp/kWh (1,761 MMRp/year).

() Insurance Cost

The annual insurance costs of LPG recovery plant and the power

pla'nt are set. to 0.5% of each plant cost,
Result of Financial Analysis
L.PG Recovery Plant
The results of financial andiysis based on the above premises are sum-
marized in the following financial statements ‘attached at the end of
this report.
- Production Cost Accounting Table (Tables A-2 and A-6)
- Profit and Loss Statement (Tables A-3 and A-7)

- Fund Flow Table (T'ables A-4 and A-8)
- Balance Sheet (Tables A-5 and A-9)
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The summary of each f{inancial statement and overall evaluations are
givén in the followings:

(1) Production Cost Accounting Table

“The average production costs. for 20 years ‘are 218 US$/ton in
Case-1 of normal city bank interest rate and 204 US$/ton in
Case-2 financed by soft loan. In both cases, calculated pro-

duction cost is cheaper t'ha_n sales price.
(2) Profit and Loss Statement

_ In both cases, sales revenue can not cover the production cost
for some years after start-up of commercial operation. In Case-
1, sum of profit after tax for 20 years is negative owing to the
limitation of loss earry forward for 5 years. .In Case-2, profit-
ability of project is sound in total, and the sum of prbfits_after

tax amounts to 800 million Rp.
(3) Fund Flow Table

In Case?l, 's_hortage of fund is occurred because cash is not suf-
fi'cient.for ‘repayment on long-term loan. Even ‘if the annual
shortage is compensate by the own fund or funds of no interest,
cash ' position is negative through the operation period. In
Case-2, shortage of loss ocecurs at the first year of operation.
However, surplus cash is expected from the secdnd year and the
good profitability can be ekpected. _Follb'Wi’ngs are calculated
FIRR for two cases (N.R. means negative return).

ROI (before/tax) . 3.6% - 3.6%
- ROI (after/tax) 2.0 2.0

ROE (before/tax) _ N.R.. 7.5

ROE (after/tax) N.R. 4.4
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16-5-2

(4) Balance Sheet

In Case-1, cash on_hand_i's' minus throughout the op'erat‘lon period.
In such a financial situation, plant operation can.not be con-
tinued. On the other ﬁahd_, in Case-2, balance of long-term loan |
- amounting to 1-,400 million Rp' will remain at ‘the end of oper-
ation. HoWe\_fe'r it can be repaid by the appropriation of reserved
cash amounting to 2,300 million Rp.

(5) Overall Evaluation

In Case-1, this project is not viable due to a shortage of fund
for the repayment of long-term loan. _In-CaSe—z, although shortage
| ~of ,fund occurs at the first year, cash surplus can’ be expected
from the '_seéond year and the profitability of the p'roject ‘is

favorable.
Power Plant

Following financial statements for 6 cases are prepared and attached
at the end of this Report.

- Production Cost Accounting Table (Tables A-10, 14, 18, 22, 26 and 30)
- Profit and Loss Statement (Tables A-11, -15; 19, 23, 27 and 31)

- Fund Flow Table (Tables A-12, 16, 20, 24, 28 and 32)

- Balance Sheet (Tables A-13, 17, 21, 25, 29 and 33)

- The summary of eaéh financial statement. and overall evaluations are

given in the followin'g:
(1) Production Cost Accounting Table

Unit generating cost for each case are shown in Table 16-5.
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. “Table 16-5 - Comparison of Generating Costs

Case Interest .Gas Price |Unit Generating Cost

T (6| (S/METO) | (Rp/kwn)
A o120 ] e | s

1.8 | 12.0 C2.10 | 89
- 1-C 12.0 ~1.50 79

2-A | 3.5 2.53 o om

2-B 3.5 2.0 | 8s

2-C | 3.5 1.50 75

(2) Profit and Loss Statement

In" every case, sales revenue can not cou;er the operation cost
for some years after the start-up of commercial operation.
Under the current taxation system at which ‘loss carry forward
is limited for 5 years, the cases sum of profits after tax amount
to plus are only Case 1-C and 2-C.

B €} Fﬁn'd Flow Tabie

In'Cés:es lf'A,'B.. ¢ and "2-A, the operation of power plant is
difficult as the independent " profil organization due to the
shortage of fund. |
in Case ZQB,'long—term' loan can be rvepaid by the application of
reserved cash during the grace period. In Case 2-C, shortage of
“fundis not oceurred. ' |
 Table 16-6 shows the caleculated FIRR for 6 cases.
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Table 16-6 Internal Rate of Return (Power Plant)

~(Unit: %)
ROI (B/Tax) | ROI (A/Tax) | RUE (B/Tax) | ROE (A/Tax)

Case 1-A 0.0 "~ N.R. " N.R. | NR.
Case 1-B 2.9 1.6 N.R. N.R.
Case 1-C 6.2 4.2 1.9 ' N.R,
Case 2-A 0.0 N.R. N.R. ' N.R.
Case 2-B 2.9 1.6 7.6 ' 3.9
Case 2-C 6.2 4.2 991 20.7

N.R.: Negative Return

(4) Balance Sheet

Judging from the projected bélancé r_she_et, in. Cases 1-A, B, C
and 2-A, opération of fhe power plant is n.ot justifiable. In
Cases 2-B- and. 2-C, the project is considered to be financi.ally
feasible, and balance of 1ong—térm loan at the end of operation
can be repaid by the appropriation of reserved cash which

exceeds the balance of loan,
(5) Overall Evaluation

In view of the ‘abbve, the project is not f_inéncially feasible in
case that gas :Qi’ice is 2.53 U_S$/.'MM.BTU .and/_c_)r_. ordin.ary éity
bank loen is  applied. However, in c_'ase'_that the gas price
cheaper than 2.1 US$/MMBTU and soft loan is appl.ied to this
project, thé power plant can be op_er.ated 'withou.t the introduc-

tion of external funds.
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16-6 - Comparison with Diesel Power Plant -
16-6-1 Major Premises

In principle, mechanism of dual-fuel engine ié same as diesel engine.
Therefore, financial analysis of diesel power plant can be done by the
same Way, while the fuel consumption volume and the plant cost are
naturally different from the gas power plant. '

Major differences are given below.

- Dual-Fuel - _ ‘Diesel .
Engine Price ©1,900.0 MMY 1,425.0 MMY
Fuel (HSD) Tank Capacity 1,000 kl 1 unit 1,000 kI 3 units
Fuel (HSD) Tank Cost 30.0 MM¥ ©90.0 MMY.
Fuel Gas Consumption 1,262,698 MMBTU/y -

Fuel (HSD) Consumption 4,413 klfy 32,845 kl/y

Furthermore, corresponding to the capacity of fuel tank, .three times
of diesel oil should be reserved at the commencement of operation,
Therefore, the initial working capital for fuel oil becomes three

times.
16-2-2 Results of Analysis

Same kinds of financial statements as the dual-fuel engine power plant
‘are prepared and attached at fhe end of this Report.

Unit generating costs for Case-1 and Case-2 are 94 Rp/kWh and 90
Rp/kWh, respectively. Cbmp’arison of generating cost with the dual-fuel
enginé plant and variation of Return on Investment (ROI) due to the

change -of gas price. are summarized in Figure 16-1.
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Figure 16-1 Comparison of Generating Cost

As shown in the:above figure, the electricity can be -generated at the
price cheaper than that of the diesel plant if the gés price is set
below 2.43 US$/MMBTU.
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16-7

Sensit_ivity Analysis

"W'ith the above case as the base, & study is ‘made to evaluate the
1nf1uence of . the \rm'iatlon of the pLesumed conditions on the profit-

abillty of the pl‘()]ect '[‘he analyms is conduoted only for Case-1

regarding loan condltlon because profttablllty of the pro]eot in Case-1
of normal city bank loan interest is not good. Regarding fuel gas
price, Case-B (2.1 US$/MMBTU) is applied to the analysis because this

.price seems to be recommendable from the financial point of view.

(1) Establishment of Parameter
The ‘follow'ing 'paraméters and ranges of variation are considered:

(8) Construciion Cost of LPG Recovery Plant
© Variation of -20% to +20% to the base case

() LPG Sales Price |
Variation of -20%, to +20% to the base case

(¢) Construction Cost of Power Plant
Varintion of ~20% to +20% to the base case

(d) A\{érs}_lge Selling Price of ‘Electricity
Vartation of -10% to +20% to the base case

(e) Gross Pt‘odﬁction _
Variation of -10%. and -5% to the base case

(2) Results of Sensitivity Analysis

The results of sensitivity analysis are shown in Table 16-7,
Figures 16-2 and 16-3.
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Table 16-7 Summary of Sensitivity "Analysis

{(Unit: %)
Parameter’ | ROI (B/Tax) | ROI (A/Tax) |ROE (B/Tax)'| ROE (A/Tax)
LPG Recovery Plant
(a) Plaﬁ.tCost - _
- 20 % 6.5 - 4.5 15.6 132
- 10 % 1.9 3.2 11.5 8.0
Base Case 3.6 2.0 7.5 4.4
+ 10 % 2.4 1.0 3.1 N.R
+ 20 % 1.3 0.0 N.R N.R
(b) Product Price
- 20 % N.R. N.R. N.R. N.R.
- 10 % 1.4 0.2 N.R, N.R.
Base Case 3.6 2.0 . 7.5 4.4
+ 10 % 5.5 3.6 13.3 10.9
+ 20 % 7.2 5.0 18.2 15.9
Power Plant
(e) Plant Cost
- 20 % 5.3 | 3.5 18.7 17.2
- 10 % 4.0 2.5 13.3 11.4
Base Case 2.9 1.6 7.6 3.9
+ 10 % 1.9 0.7 N.R. N.R.
+ 20 % 1.0 N.R. N.R. N.R.
(d} Electricity Rate
- 20 % N.R N.R. N.R, N.R.
- 10 % 1.2 0.1" N.R. N.R.
Base Case 2.9 1.6 7.6 3.9
+ 10 % 5.9 3.9 20.9 19.5
+ 20 % 8.5 5.9 ‘30.3_ 28.4
{f} Gross Production _
S10°% 1.7 0.6 N.R. N.R
- 5% 2.3 1.1 3.6 N.R
Base Case 2.9 1.6 7.6 3.9

N.R:: Negative Return
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Figui‘é 16-2° Summary of Sensitivity Analysis {LPG Recovery Plant)
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(a) Construction Cost of LPG Recovery Plant

If the.plant cost increases by 10% compared with the base
case, ROI (b,ef:ore tax) and ROE (befo;;é'tax) will decrease
by 1.2% and 4.6_9’6,, respectively.. Further, in the above' case
are_s_erve'd' cash .at the enq of - operation wili be Jower than

_the balance of long-term loan.
(b). LPG Sales Price

~As shown in Table -16-7, the fluctuation of the product
price. . have :signifiéant effect - upon:. the prbfitabllity. if
LPQG: price . is set at 90% of .the.-hase case, .the reserved
cash at the .end. of. operation  will be lower than the

balance of long-term loan.
(¢) Construction Cost of Power Plant

If the plant construction cost increases by 10%, the
balance of long-term loan exceeds the reserved cash at the
"end of operation. Therefore, introduction of external funds

. dis required for-the repayment of the long-term loan.
- -.(d) Average Selling Price of Electricity

If average, se_l_lin_g'pri'ee_'fallsrto 90 Rp/kWh by the increase
of small- customers, operat'ion'_ of .the power plant cannot be
continued: as an ihdepend_ent;profi_t organization. On the

..other hand, if average séllihg price raises to 120 Rp/kWh
by the increase of big customers or revision of electricify
rates, finahcia_l situation - of the power plant is improved

. considerably.
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(e) Gross Production

- "The power ‘plant " is projected ‘to operate’ e.o.htinuously at a
“high 'opet*étib'n ‘rate,’ 'rea'sdhébly gchievdble from the techni-
. cdl viewpoint. Therefore, ‘it ‘1§ not realistic to consider
that the ‘power plant ¢an generate more energy continuously
than prosumed level: - On the other hand, if gross production .
decreases, financial situation will be- deteriorated as shown
in Table 16-7. In order to cope with the high' demand con-
tinuous bpe_l‘_ation for the proposed power plant. after:. the
‘implementation of this -project,. the operators should be
trained thoroughly to the first® class level and appropriate
maintenance work should be done timely to achieve the con-

tinuous opeération as scheduled. -
16-8 Summary of Financial AﬁalySis

Followings are evaluation and conclusion of this project.

(1) LPG Recovery Plant .
Since . caleulated average production cost of LPG is 204 US$/ton
for the interest rate of 3.5% p.a., LPG recovery plant is viable
if LPG can be sold at the presumed price of 240 US$/ton.
In" case that soft loan is applied to ‘this: project, a favorable
financial situation cean be expected and the long-term loan can
be repaid smoothly.-
If LPG demand in Jambi. district increases ‘greatly, the amount
of .LPG sold at a low price:in Palémbang will be decreased and
the profitability of this project will be improved considerably.
Accordingly, the study team considers that LPG recovery project

is fina'néially feasible, unless the premises used in -this study

change greatly in adverse direction.
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(2) Power Pla’n_t

In case that a soft loan is applied and fuel gas price is fixed
below 2.1 US$/MMBTU, the power plant can be operated without
the introduction of subsidy.

The electricity can be generated more economically than diesel
plant, if the gas price is set blow 2.43 US$/MMBTU.

If the above conditions are satisfiéd, the power plaht project is
considered to be financially feasible, while justification of the
basic infrastructure such as electrieity should not be done only

from the financial viewpoint.

As mentioned in the sensitivity analysis, if the gross p}'oduc_tion
is reduced due to some reason, accidents for example, the financial
situation is deteriorated. Therefore, at the executi_on of the
project, sufficient training for operators and appropriate mainte-
nance work should be programmed and carried out to achieve

the continuous power generation as scheduled.
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17.. ECONOMIC ANALYSIS

" General

This Chapter deseribes  how this ‘project contributes to Indonesian
national economy by the generation of electricity and LPG recovery.

In the economic analysis, by considering following ‘conditions in Indo-

nesia, contribution to saving of petroleum products is mainly inves-
~‘tigated: . Concretely; economic benefits and costs are evaluated and
‘Economic - Internal ‘Rate of Return (EIRR) is calculated.  Further

foreign curvency balance is also calculated.

'Indénesia' is one ‘of -the la‘rg'est-oil producing ebﬁnlriés‘ and the export

of petroleum products have been contributing to obtaining foreign cur-
rencies. Hdw‘ever; crude - 0il in Indonesm"qo‘htaiﬁs small amount of
middie “distilate such 'as ‘kerosene ‘and “diesel oil, and crude oil rich in
middle distilate is importéd unavoidably from other countries such as
Saudi Arabia.- Under these eircumstances, if ‘a power generatlon project
usmg unused naturaI gas is 1mplemented as an alternative of diesel
power plant diesel oil will be saved and the saving will contribute to

“national éconory.  The recovered LPG will be used as an alternative
= fuel of kerosene. ' '

- Economic. Benefit and Cost’

Although- the direct ‘benefits of this’ project are electric power and

LPG, the economic benefits are defined in this study as follows.

(1) ‘ Power Plant

Supply of electr1c1ty is “one of the basic infrastructure, and
| constructlon of a power plant is planned in Jambi to improve the
standard of  living and to prompte the development of the area.
At ‘this stage, diesel power plant is considered to be the most

reslistic alternative of this project.
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'l‘herefm-_e, if this project 1s. regarded as an alternative te'a__diesel
plant the economic benefit is defined as a saving of diesel oil.
The amount of diesel oil to be saved by the implementation of
this project is 28, 432 l{l/year The economic price of diesel -oil
is set at 0.14 US$/1 (233 Rp/l) which is the international price
of diesel oil at February, 1988.

(2) LPG Recovery'Plant

As mentioned in- Ch’apt'er 4 MARKET STUDY, the recovered LPG
_ 1s eonsu]eled as an- alternative fuel of kerosene. Therefore, the .
economic benefit -of -this project is defined as. a saving-of kerosene
The amount of kerosene to be t_eplaced by LPG is calculated by

the following formula consideringcalorific value of two fuels.

Kerosene Substitution Volume
= LPG Production:Volume X Calorific Value of LPG
= Calorific Value of Kerosene

= 2,792 t/y x 12,000 keal/kg + 11,125 keal/kg
= 3,012.t/y

The economic price o_f‘kerosene' is set_at'l?ﬁ US$/ton (283,052 Rp
fton} which is an international price of kerosene. In addition to’
the above, reduction of transportation cost of LPG is expected
as an economic benefit. The average:transpontation-cost:frem
Palembang to Jambi is 75 US$/ton, and the cost from Sengeti{ to
- Jambi is estimated to be 10 US$/ton. ,'Thet‘efore,the reduction
of transp_ortation cost is calculated to. be 65 US$/ton of LPG.
The annual saving of this cost is calculated . by mulﬁplying the

above cost {o sales volume in Jambi (Refer to Table 16-1). _
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17-2-2. _:Economic Cost

173

(1) Power Plant

.Since the power plant. is considered as a replacement of diesel

. bower plant. in this study,.'the;econoﬁiie Jéosts are di_fférenee of

.Increase of‘,the plant . cost, the ga's, cost and the insurance cost
linked with the plant cost, |

As mentioned  in Chéptez‘ 18, the _d_iffefen{)e of the_pianf cost is

415 million yen (5,395 million Rp), and the difference of the

‘insurance cost is__26.73 million Rp. The economic price of fuel

-éas_ Jds set at. equivalent _{0 the _h_eatihg_'value of crude oil, a_(nd-

the price is calculated by the following formu.la._ '

Gas Price = 15 US$/bbl : 159 }/bbl + 9,250 keal/l
x 252,000 kcal/MMBTU
= 2.57 US$/MMBTU

(2} LPG Recovery Plant

All costs except that for utility gas are considered.to be ‘equal
to the'éosts used in the financial aﬁélysis. The economic price
of the gas is evaluated to be equal to the above price (2.57 US$/
MMBTU). '

Economie I_nternaﬂ_ Rate of Return

Based on the economic benefits and costs described in the previous
section, Economic Internal Rate of Return (EIRR) has been calculated.
EIRR of the power generation project and LPG recovery project are

given below.

. Power Gene_rétion Project: 16.4%
. LPG Recovery Project : 5.5%
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17-4

The calculated EIRR of the power generation- project’ is hl"ghei' “than
ROI before tax in the financial analysis. The calculation result. that
EIRR is higher than ROl implies that the’ implementation of the pro-

~ ject has higher economical signi'fioa_nce to the national economy.

"LPG recovery is a dependent project on the p’oiver g’e'n'eration project,

and EIRR is not so’ high ‘due to its small ‘capacity. - However, &s men-
tioned 'iﬁ'the financial analysis, this project is aiming at the recovery
of volatile’ fraéti'qn being vaporized into 'atmqspﬁe‘re”if it is not re-

co\'fe_r'-éd by LPG 'f‘)lant,- and the significance to 'ppev'en"c the waste of

‘natural resources is great.

"Econofnic’ benefits ‘and costs for each year which are used as bases of

caleulating ‘EIRR' are shown in Tables 17-1 and 17-2.
Sensitivity Analysis

With the above case as the base, sensitivity analysis of EIRR is

carried out for the following parameters:

. Economie Investment Cost *20%
. Crude Oil Price. *20%

In the evaluation of the influence by changing the crude oil price,
economic prices of diesel oil, kerosene and fuel gas are considered to
change at the same rate as crude oil, because the prices of petroleum

products changes according to the fluctuation of crude oil price.
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The results of the sensitivity analysis arée summarized in Iigure 17-1.

EIRR(%)

20 POWER PLANT Crude Qil Price
Economic Investment
Cost
101
LPG RECOVERY Crude (il Price
Economic Investment
Cost
4] : i L [ N f

=20 . -10 0 +10 +29

Percentage of Variation(%)

- Figure 17-1 Results of Sensitivity Analysis
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17-5

Caleulation of Foreign Currency Balance .

* The contribution to foreign currency balance that may be expected by

the implementation of this project is calculated in the following man-

ner:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

All prices 'employed in this calculation are the constant price in
February, 1988. B

Al of the saving of diesel oil and S\ibstitute_c_i kerosene. are re-

garded as the substitute for the imported products.

Operation costs excluding fuel and raw material are regarded as

a local currency portion.

The borrowing of foreign loan is an inflow of the foreign cur-
rency, which will be offset in the same amount by the'repay-

ment for the investment cost.

The bepayment and interest on the foreign loan are an outflow

of foreign cuyrrency.

The balance of the foreign loan at the end of operation will be

repaid at that time.

Naturai gas pretreatment facility and p'ipéline are required to
supply a suitable fuel gas to the'p'owe.r' station. T_heref.ore,' the
interest and repayment on foreign loan related to these facilities
are incorporated into an outflow of the foreign currency of the

power generation project.

The results of the Toreign, currency balance are shown in _T'ables 17-3

(power generation project) and 17-4 (LPG recovery project). “The’

total foreign currency savings of the power generation project and

LPG recovery project aré 38 million U.S.Dollars and 6 million U.S.

Dollars, respectively.
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116

Qverall Evaluation

The objec’tlﬁes of this project are to generate electricity and to
recover LP.G from an unused natural gas. The economie benefits of
this project are sa\_fin-gs.of diesel oil and kerosene. The expected
economic effects of the power generation project and LPG recovery
project are 16.4% and 5.5% respectively. Turther, this project will
contribute to saving of foreign currency. The total foreign currency

saving on both projects amount to 44 million U.S.Dollars. Accdrding

- to the results of the economic analysis in this section, this project

can be concluded feasible.

On the other hand, lots of small-scale gas reservoirs similar to that

of Sengeti are scattered in Indonesia. If the validity of the de-
velopment of electric power by uéing small-scale natural gas is. proven
by the implementation of this project, rural electrification in great

many regions could be promoted encouraged by this project.

The study team believes that the implementation of this project has a

great social significance to the Republic of Indonesia.

17~11






APPENDIX - 1 : STUDY TEAM AND TFIELD SURVEY ITINERARY

(1) Members of the study team, their assignments and responsibilities are
as follows: -
- Name _ Assignment

Nobuo ISHII |
Team Leader

Kenji CHIMURA
Market

- Takehiko' MASUDA. . , o
. o - Qil Gas Production and Pipeline

Kunio KAWADA
LPG Plant

Kunio TAKAHASHI
Power Plant

- Sadakazu HASEGAWA = o _ ,
: ' Power Transmission and Distribution

Kazuo YAMANE .
' Cost Estimation and Infrastructure

Yoshitaka IMAEDA

Economic Analysis

Domestic supporting member is as follows:

‘_ ‘Name Assignment

Yuzuru KENMOCHI ‘ .
. Gas Reservoir Analysis -



{2)  Field Survey Itinerary

Fiéld survey was conducted from January 31 to February 28, 1988 by

the following schedule.

Date Place

Jan. 31, Sun, Jakarta

Feb,

Feb.

Feb,

Feb,

Feb.

Feb.

Feb.

‘Mon.

‘Tue,

Wed.

Thu.

Fri.

Sai.

Bui.  Jakarta - Jambi

Activity, visit to

Move from Tokyo to Jakarta

Visit to JICA Office/Embassy of Japan

Meeting with BPPT for scheduie

Meeting with BPPT,

. Presentation and discussion of Incep-

tion Report, Meeting with Ministry of
Mining and Energy

Meeting -with MIGAS,
Meeting with BPPT

Analysis of Data of PLN and PERTA-

- MINA

Visit to local contractor

Meeting with PERTAMINA (E&P)
Visit to JETRO Jakarta Office

Discussion of Project Scheme

Trip to Jambi .

'Meeting with BAPPEDA for schedule



Date Place - Activity, visit to

Feb. 8, Mon. Jambi : C o
T Courtesy call to Vice Governor of Jambi
Province and Meeting with Development
Department of Jambi Province
Meeting with PERTAMINA, Jambi

Feb. 9, Tue. _ . : '
o . Site visit to Sengetl Gas Field and Gas
Gathering Station, Pipeline route, Power
Transmission Line route

~Feb. 10, Wed. - o
" Discussion with PERTAMINA, Jambi
Discussion with PLN, Jambi

Feb. 11, Thu. . . '

" Discussion with BAPPEDA,
Visit LPG users,
Visit Electricity users,
Visit to Port Authorities

Feb. 12, Fri. : .
" Visit to Statistical Office, Jambi
Meeting with PLN, Jambi

Feb, 13, Sat. .
" Meeting with BAPPEDA
Meeting with PLN, Jambi

Feb. 14, Sun. Jambi - Palembang
| Move from Jambi to Palembang
Feb. 15, Mon Palembang

Meeting with PERTAMINA, Palembang
‘Meeting with PLN, Palemb_ang

Feb. 16; Tue. o
B " Meeting with PERTAMINA, Palembang
Meeting with PLN, Palembang



~Feb.

Feb.

Feb,

Feb.

Feb.

Feb.

Feb.
Feb.

Feb.

Feb.

Febh.

Date

17,

18,

19,
20,
21,

22,

23,
24,

25,
26,

21,

Wed.

Thu.

Fri.

Sat,

Sun.

Mon.

Tue.

Wed.

Thu.

Fri.

Sat.

Palembang

- Jakarta

Jakarta

Activity, visit to -

‘Meeting with PLN, Palembang

Move from Palembang to Jakarta

Meeting with PERTAMINA Domestm
Supply

Meeting with BPPT

Meeting with PLN Planmng Department
Meeting with BPPT

Preparation of Mlnutes of Dlscussmn
and Progress RePort

Internal Meeting, Preparation of Minutes
of Discussion and Progress Report

Meeting with BPPT, Preparation of.
Minutes of Discussion and Progress
Report

- Ditto -
- Ditle -

- Ditto -

Signing of Minutes of Discussion
Report to Embassy of Japan

Report to JICA Office for completion
of the field survey.
Leave dJakarta for Tokyo.
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APPENDIX - 2: RESUL'I‘S OF FIELD SURVEY

The follow‘ings are the__results' of the field survey and what have been agreed

with the Indonesian counterpart.

1. Gas Supply Source
(1) (Gas Volume

It has been 'con-firmed that Sengeti gas. field ca.n._sﬁ_ppliy the g'a;s to

the project at the rate of 10 MMSCFD for a perlod of 15 years.
~Since the required amount for this projeet will be ;ppféxih‘lately 3

MMSCFD, Sengeti gas field will have ample gas capacity for the pro-
© ject. : '

(2) Gas Compositions

(a) Data of gas compositions for 3 wells in Sengeti gas field and
those for 10 layers of Sengeti gas reservoir were furnished by
PERTAMINA.

(b) Regarding the design conditions for Gas Oil Separation Plant
(GOSP), partial . portion of design data had been given and it is
. necessitated that the study team would _dévelop _necéssary data

of design énd operation of GOSP after return to Japan.

(¢} It was agreed with BPPT that the gas compositions at the out-

fet of GOSP to be developed by the study team would be used
as the basis for conducting this feasibility study.
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(3) Gas Price

It was apreed that flnancml analyms would be carried out f01 the
followmg three (3) cases of the gas price. '

B

253 US Donafs per Million BTU
2 10. US Dollars per Million BTU
1.50' US Dollars per Million BTU

Scale of the Project

In accordance with preliminary market study by the study team, plan and -
forecast by PLN and the current sales situation of LPG by PERTAMINA,

‘the following capacities of the ‘plants were tentativély determined.

‘Powér plant: 15 to 20 MW
LPG recovery plant: 5 tons per day

These tentative capacities will finally be decided upon .further study of

demand forecast of products in addition to technical study.

. Candidate Sites for Project

(1) Power Plant
The study team made survey of ‘6. candidate sites” and selected 3
locations of ‘Sengeti, Setiti and Payo Selincah for detail technical
and economieal comparison to determine “one’ proposed site for the
project, on which financial and economical analysis will be con-
ducted. - ' . '

(2) LPG Recovery Plant
It will be desirable to install 'LPG r'ecovery plant -in Séngeti area,

depending upon gas supply' conditions at the outlet of GOSP. How-
ever, the location of LPG recovery plant will be preferable if it is
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... grected at ch_é south ,si'c'.le of the_Bgtar_)g'_Hari_: river, from viewpoints

.of ‘sales .and transportation. of LPG. product filled in cylinders.
Final selection of the site for LPG recovery plant will be made
after further study.

.. Type 6f Generati‘on,

. it -was agreed thaf after reviewing the follorwihg types of génération duél—
fuel engine generatxon would be the most appropmate method for the,
power plant capacily planned for this pI‘O]ECt

' =Dual—fu_t_aL:engi'ne _géneration ‘

- Gas engine g’enerat’ibn

Gas. turbme generatlon

Gas flred boiler steam turblne generation

. Process, for LPG Recovery Plant

After studymg process for LPG recovery. from gas and condensate at the

outlet of GOSP, the optimum process will be selected fr'om v16Wp01nt of
.technology and economy.

O_t'her_s

Codes and standards applicable as the basis of the design of equipment

will be as folloWé:

1

Pipéline

Gas pretreatment famhty } : .
U.S.A. Standards (ASME ASTM etc)

LPG Recovery Plant

. U. S A, Standards (ASME ASTM eto)

, U.S.A. s_tandards (ASME, ASTM, e_fe.)
Power Plant .
PLN Standard (SPLN)
Transmlssmn and Distribution Lines |

PLN Standard (SPLN)
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APPENDIX - 3 : PRESEN‘I‘ SITUATION AND FUTURE PLAN OF TRANSMIS-
' SION AND DISTRIBU'I‘ION SYSTEM IN JAMBI PROVINCE

The exlstmg Lransmission and dlstmbutlon 9ystems in the Jambl Province are
not interconnected with. those in the ne1ghbor1ng provinces. - "The “relatively
large size network exists in Jambi City and 1ts outskirt.

The other small lndependent networks in' the  Province are supplled by small

diesel engine driven generating sets, and izolated each other

A high voltage transmission project to 1ntereonnect the Jamb1 City gmd with .
other principal networks is being planned by PLN “(Perusahaan Umum Llst[’lk
Negara), the State Electricity - Corporation. Accordmg ‘to " the” plan, t_he
Palembang City grid will be interconnected with’ the Jambi City gnd ‘through a
150-kV transmission system as shown' in Figure A-l.

The detail of the project and the date of commissioning have not yet been
determined, but it seems probable, under the present circumstances, that the
system might not be put into service by the time this Project (Jamb1 Natural

Gas Development Prmect) is completed.

The Jambi City grid comprises three diesel generating plants. PLTD Pasar,
PLTD Kasang and PLTD Payo Selincah. All these power plants are located in
the eastern region of the ecity, PLTD Kasang and PLTD Payo Selincah are in

operation, but PLTD Pasar is out of service.

It is said that PLN has a plan to add to the Jambi City system a 10,000 kW.
diesel generating plant, pfobab}y, by 1992, well before the expected com-
pletion (1995) of the power plant proposed for this Project. Although the
location of this plant has not yet been determined, it is very likely _that'it
may be sited in the Payo Selincah disirict of the ‘eastern region ‘of Jambi
City, close to its industrial:zbne where the 'électricity demand is expected to

increase at a higher pace than elsewhere.

The distribution networks in the city consists of 20 kV gnd 6 KV lines é_s

shown in Figure A-2.
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Figure A-1l
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Figure A-2

Distribution System in Jambi City Area SCALE 1: 46,000
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The power plants are interconnected with each other through the lines so as
to be put into parallel operation. PLTD Kasang and PLTD Payo Selincah are
also intet‘fzonnected with three 'switching stations, ST Kantor, ST The Hok and
ST Tanjung Johor, through tie lines, in order to transmit power directly from
the power sources to the 20 kV and 6 kV distribution networks.

According to the PLN plan, three 'switeh:ing stations will be installed at Kota
Bary, Mendalo and Behnuno, and these will be interconnected with the existing
switching stations through the lines as shown in Figure A-3. The plan is to
connect éll these switching stations through a loop I'ine, so that power may be
transmitted through the sound tie lines in the event that a fault occurred in
any tie line.” Figure A-4 shows one-line diagram of the existing loop,_.running
through PLTD Payo Selincah, PLTD Kasang, and three switching stations. |

Figure A-5 shows one-line diagram of the proposed loop, running through two
power plants and six switching stations. ‘The complétion of this expanded loop
will make it possible to reduce, to a large extent, occurrences of forced

power interruptions, thereby increase reliability of the service.

It is the intent of PLN to implement this plan at an earliest possible time as
it is to provide for the expected increase in load due to the completion of
PLTD Payo Selincah., It is, therefore, v_ery likely that the plan will be com-

pleted by the time this Project has been commenced.
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Figure A~3 PLN Reinforcement Plan of Distribution
System in Jambi City Area
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APPENDIX - 4 : LPG RECOVERY FROM HIGH PRESSURE SEPARATOR GAS

In general, LPG recovery means LPG recovery from a gas, not from a conden-
sate, se[')aréted_ in" a gas/oil separation plarjlt:.' Therefore, in this section, an
outline - of LPG recovery procéSses from gas is described for a reference
purpose. In addition, the LPG ptoduction costs of these two methods are

compared assuming being applied to this project.
1. "Outline of LPG recovery process from gas

‘_j When LPG is 1'ecovered'fmmfa natural :g_as, ‘it needs an NGL recovery sec-
‘_'fion', separating heavy components from the natural gas by means of ligue-

- faction, and an LPG dlstlllatlon sectlon, separatmg LPG from NGL, as
shown in Figure A-86. LPG recovery processes are classified by the pro-
cesses used for NGL recovery.

There are three major LPG recovery processes now being used as listed

below.

. Isentropic expansion process
. Absorption process’

Combination of external refrlgeratlon process and isenthalpic expansion

process
The characteristics of each process is briefly explained hereunder.
() Isentropic expansion process

A process flow dlagram of thls pt'ocess is shown in Figure A-7. This
process converts pressure energy of the feed gas into motive energy
'qu1te eff;clently using a special equipment called turboexpander. At
the same tih]e,- th.e temperature of the feed gas lowers automatica]'ly
with }expanding t'ht'_o.u'gh the turboexpander. By using this seif-cooling

- effect, heavy cbmponents contained in the natural gas are liquefied
and separated. The -generated _motiire energy is used for compression
of the lean gas comprising of light compdnénts. |
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A deep low temperature is efficiently generated and usabie‘pow'er is
produced as & by-product, that ls an outstanding polnt of this
process. If the feed pressure is high enough, a low temperature of
-60°C can be generated, which makes it possible to liquefy and
sepératé nét_dtﬂy LP.G but  also eth:a':n.e.' -On the __cdntrary, water and
COé shall l;é almost  completely r_émoyed providing pfetpéatmem
facilities to prevent damages of equipment to be caused by dry ice
and ice formation, Further, it requiﬁ'es high operation and mainte-
nance skills to maintain the plant in high efficiency condition

against anticipated variations of feed pressure and eompoéition.

(2) Absorption process

(3)

Fi.gure A-8 shows a process flow diagram of absorption process.
This prooess‘ uses &8 héa\}y hydrocarbon liquid such as heavy naphtha
or kerosene - as a solvent and absorbs 03 and heaviet' components
contained in the natural gas. However, since a small portion of
solvent is entrained in the lean gas, a dew pdint control facility is
required for removal of the solvent in order to transmit the lean gas
through pipeline.

This process requires a fairty 'l_arge size piant, because a large
quantity of _sblvent is circulated thrdugh the whole system. There-
fore, in case of small scale plant, this process is not economical.
Recently, an external refrigeration unit tends to be applied to cool

the solvent aiming at reduction of solvent cireulation rate.

Combination of external refrigeration process and isenthalpic expan-

sion process:

A process flow diagram of this process is shown in Figure A-9. An
isenthalpic expansion process cools the feed gas using 'self"c'ooi'i'ng
effect generated by adiabatic expansio'n'of the feed gas through an

expansion valve.  However, since the self-cooling effect of isenthalpic

_expansion is lower than: that of isentropic expansion, it is usually

~ difficult to recover a 'requh;"ed amount of LPG by using only isenthalpic

expansion process. Therefore an external refrigeration unit is
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‘required .to cool the feed gas down to the required level combined
with an lsenthalpic expansnon plOCESS _

The appllcatlon of this process is llmlted when the LPG recovery
‘ratio is not so high,. because it is impossible to generate a deep low

temperature by using this process.

.~ Optimum process for the project

In this section, selection of optimum proéess for LPG 1'ecdver‘y from the
high pressure separatoi‘ gas is described. '
Premises for the selection are set as follows in order to compare with

LPG recovery process from gas.

Feedstock
High Pressure Separator Gas
Feed rate and composition
Refer to Table 8-3
Feed pressure
25 kgfcmg(}
Outlet pressure
16. kg/cm G
Plant .capamty
maximum 10.8 t/d
normal 9.0 t/d

The eompat‘isdh of characteristics of the three processes is summarized in
Table A-1. o _

The feature of the feedstock is a high content of LPG fraction. If 30%
of LPG is recoevered from the feedstock,' it meet_s the targ.et producticon
rate.
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~Considering : the above premises;:-applic’atibn of each process I8 examined

hereunder.

(1) -+ Isentropic expansion process

This is the most popular' process now bein=g_' used, -since it has merits

:_of‘ lower investment and operation-costs and higher LPG recovery

ratio .over other processes. However, 'in case of applying to this

project, the pressure difference between inlet and outlet of the

plant is not sufficient to produce 10.8 t/d of LPG. Accordingly, a

_suppl_ementary‘-exterhél-'refrigerati'on .unit- is to be installed. In

addition, as the amount of Sengeti gas reserve is not so large, the
natural gas.supply pressure is estimated to decline along with time,

at the sarmne time the self-cooling effect -will_als:t') decline resulting in

':reduct-ion.of LPIG recovery rate. Therefore, to maintain the planned

LPG production rate, the supplementary re_friger'atlon" unit shall have
a large excess capacity. As a result, the investment cost for: this

project will become higher than usual.

(2) Absorption process

{3)

As this process 'is usually applied to a large scale LPG plant of 260
- 300 t/g, it is not economical when applied to a small plant of 10 t/d.

Combination of external refrigeration process and isenthalpic expan-

sion process

When producing 10 t/d of LPQ from the high pressure separator gas,
it is required to cool the feed stream down to -5°C in order to

--1=iquefy and separate LPG fraction. In general, the lowest temper-
- ature ‘achiéved economically by using this process is 0 - -20°C so

“this process seems applicable to the project in view of the required

te_mpera_turé level.
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