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PART 11l CONCEPTIORAL DESIGN OF THE INTEGRATED GAS DISTRIBUTION SYSTEM
Chapter 1  PRCCEDURES OF THE CONCEPTIONAIL, DESIGN
The econceptional design of the Integrated Gas Distribution System was carried out

in accordance with the diagram shown on the next page., The following chapters
will explain the details of each step of the design.
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Chapter 2 BASIC STRUCTURE OF INTEGRATED GAS DISTRIBUTION SYSTEM
2.1 Conditions for Integrated Gas Distribution System

Be it a city gas system or a reticulation system, any system whereby gas is
supplied by pipelines to satisfy demands distributed over geological areas is able
to exist only on condition that the cost of transporting gas from the supply
source to the points of demand is sufficiently small to justify the entire system
economically ., The cost of transportation consists of the following two
components ;

a. Cost of transporting gas from the gas source up to the area wherein the
demand exists.

b. Cost of distributing gas to each customer within that area of demand.

In the case of a city gas system, a) above is the cost of the transmission
‘pipeline from the gas source (in the present study, the gas source is the
Transpeninsular Pipeline) to the regulator in the demand area from which gas will
be distributed. The transmissioﬁ pipeline route should cut across as many demand
concentrating areas as possible. Therefore, in order to determine Whether or
not a certain area of demand justifies city gas supply in respect to transmission
pipeline cost, the demand distribution over all of Klang Valley must be viewed
first, and then a realistical (ransmission pipeline route should be actually
selected. In the case of a reticulation system, the position of the area does
not matter as long as it is within Klang Valley, but there is a precondition that
there must be a certain amount of demand in that area in consideration of
tpansmission and storage efficiency of LPG. The cost of b) above is the cost of
the distribution pipelines from the city gas sending-out point or the LPG storage
point to individua! customers. This cost is mostly regulated by the density
distribution of demand within the area. In this regard whether it is city gas or

retioulation does not make any difference.
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2.

2

Therefore, as an approach toward establishment of the basic structure for a
integrated gas distribution system, it was decided first to determine the overall
supply subject area ineluding both city gas and reticulation and then to divide
that area into city gas and reticulation zones in consideration of their physiecal
positions in relation to the transmission pipeline route to be established lo that

supply area.

Boundary of Total Supply Area

As the demand distribution density which justifies an integrated gas distribution
system, the density of an existing typical suburban housing area was assumed,
The zones wherein such a density or a density hi.gher than that is expected fo
exist in the year 2005, the ciosing year of the study period, will be the supply
areas of the integrated gas distribution system. However, it is very difficult to
exactly forecast the layout of such zones to be in existence 20 years later in
Kiang Valley, which is a fast developing region. Under such circumstances, we
have decided to take up those areas shown as "buili~up area" in the final land
use plans of the Klang Valley Perspective Plan and other regional structure plans
as the geographieal scope wherein such zones are expected to exist. The colored
portion in Fig, III.1 indicates the said "built-up area™. The demand zones
subject to the integrated gas distribution system exist within the boundary of that
built-up area. However, it is presumed that the entire area within the boundary

is not nccessarily a demand area.
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2.3

2.4

Basie Route of Transmission Pipeline

Investigations and studies were made of possible routes of the transmission
pipeline from the Transpeninsular Pipeline to the above-mentioned supply area.
Pipelines of 18" to 20" diameter and of a maximum operation pressure of 9.9
kg/em2  determined on the basis of the city gas demand estimate was assumed

and then the following three conditions were taken into consideration:
a. As many supply areas as possible should be covered.

b. It should have been confirmed by means of a field investigation that the gas

pipeline of the above specifications can actually be installed along the route.
e, The pipeline should have the most econcmieal lay-out as a whole.

The results of the investigation are also shown in Figure 1.1,

City Gas Supply Area

As can be seen from Figure III.1, the built-up zones expected to exist in the
year of 2005 in Klang Valley are rather concentratedly laid out, thercfore it will
be possible to select the transmission pipeline route so that almost all of those
zones be covered by the basic network only. This basic network may be
reinforced with a few additional branch routes which will cateh other isolated
zones which, having a large demand, are relatively near, and thus the district
comprising all those zones will be the city gas supply area in this feasibility
study. The major built-up zones to be left out of the above eity gas supply
area are YZone 52 and Zone 53 {Gombgk Distriet), for which a permanent

reticulation system will be constructed.
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Chapter 3  SUPPLY-SIDE CONVERSION MODEL TO INTEGRATED GAS DISTRIBUTION
SYSTEM

3.1 Household and Restaurant Demands

Assumptions were made as shown in the diagram below,

Potential demand in
household/restaurant

Existing Existing N
at start of at gas intro- 0
business? duetion to
zone?
Inside Inside No
area? area?
Yes
L/
No
Catside Good fof
squatter RET? _
2
Yes
1 Gradually con- ZI Supplied by i_l Supplied ' 4 | Supplied by
verted to ecity [~ RET system, with city gas permatent
gas. Then converted directly. RET system.
{Fxcept for 10%) to city gas.

Supplied by neither system.

Note; "RET" is for veticulation,
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Existing demand

(1

(2)

(3)

(4)

New

90% of the houscholds and restaurants which exist at the start of Integrated
Gas Distribution System and locate inside the city gas supply area will be
converted to city gradually, unless they are located in the reinaining squatter

areas detailed in (3).
The conversion rate is assumed as follows.

o 35% of both households and restaurants are converted in the introduction
year,

® 35% in the next year.

® 10% in the 3rd year.

o 10% in the 4th year.

The remaining 10% is assumed not to be converted to cily gas.

It was assumed that one-half of the present sgquatters would remain in 2005,
and this number was exempted from the city gas supply subject. To be
specific, one-half of the squatter population in 1985 as shown in Table
111,15 were deducted from the city gas supply population. The squatter
population was distributed to zones in accordance with a squatter location

map.

The existing households and restaurants lecated outside the city gas supply
area will be exempted from Integrated Gas Distribution System.

demand inside city gas area

{(5)

The households and restgurants which will appear inside the city gas area in
the period between the start of Integrated Gas Distribution System and the
introduetion of city gas to the zone will be supplied by reticulation system
temporarily, if the size of demand suffices the condition stated in (7).
These demands will then be converted to ecity gas in the year of introduction

of city gas to the zone.
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(8)

(1)

(8)

New

When the demand does not suffice the condition in (7) in the above case,
the demand will remain unsupplied until the introduction year of city gas to
the zone and then be converted to city gas at the conversion rate mentioned

in (2).

It was assumed that the additional population increase of approx. 10,000
(comparative to 2,000 customers) would be subject to application of the LPG
reticulation system. Population increases were calculated as to each zone.
It was also assumed that the restaurant demand newly appearing in the
reticulation system area would be supplied by the said system. No minimum
limitation of supply period was assumed for the temporary LPG system which
appears within the boundary of the final supply area and is fo be converted

to eity gas in the future.
The households and restaurants which will appear inside the city gas supply
area after the introduction of eity gas to the zone will be supplied with city

gas from the beginning.

demand outside city gas area

{9)

(193

The

The houscholds and restaurant which will appear at the start of Integrated
Gas Distribution System and outside the city gas supply area will be supplied
by permanent reticulation system, if the size of demand suffices the

condition in (7).

When the demand does not suffices the condition in (7) in the above case,

it will not be supplied either by city gas system nor reticulation system.

conversion model in household and restaurant demand is shown in Figure

111.2 in a summed up form.
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3.2 Hotel and Manufacturing Industry Demands

The city gas conversion model of this type of demand is assumed as follows.

Potential demand in
hotels énd manufac-
turing industry

Existing ™
at gas intro-
duction to
zone?

No

| 1| partiatly | 2 | supplied with 3| Not supplied
converted city gas with city gas
to city gas

It is different in the following points from that of household and restaurant

demand.

a. Application of the LPG reticulation system will not be considered.

bh. Existing demand will be converted within a year.

The conversion rates will be 70% for hotels and 50% for the manufacturing
industry.

¢. Squatter problems do not exist,

These are also shown in a summed up form in Figure III.3.
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Chepter 4 CITY GAS INTRODUCTION SCHEDULE
4.1 Start-up of the City Gas Supply System

As described in detail in PART 4 STUDY OF THE CONSTRUCTION SCHEDULE OF
THE INTEGRATED GAS DISTRIBUTION SYSTEM, the start-up of the city gas supply
system, or the commencement of the city gas supply, is scheduled for the
beginning of 1992, allowing the cstimated period of project evaluation,
eonstruction preparation and construetion execution. However, in the cases of
Medium and Low economie growth, the start-up of the system will be in the
beginning of 1995, 3 years later than the Base Case, for the reasons given in
PART 1 THE BACKGROUND AND RELEVANT CONDITION.

Case Start-up of the system
Base Beginning of 1992
Medium Beginning of 1995
Low Beginning of 1995

4.9 Timing of City Gas Introduction to Districts

The transmission pipeline construection in the Base Case will be divided into the

following five phases, (See PART 4)

Phase Construction Period Start-up of the system

I Mid-1990 - end 1991 Beginning 1992

I1 Beginning 1992 - end 1992 Beginning 1993
i Beginning 1993 - end 1993 Beginning 1994
v Beginning 1994 - end 1994 Beginning 1995

\ Beginning 1995 - end 1995 Beginning 1996

In the Medium Case and Tow Case, the construction as well as supply

commencement will be 3 years later than the above.
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Two consiruction sequences are conceivable as to forming a loop around Federal

Territory.

A. From outskirts to center (Route 1)

The main pipe branches off in two circular directions to form a eircumference
first and then smaller diameter pipes will extend from the circumference

toward the center.

B. From center to outskirts (Route 2)

Centering on the main pipe, smaller diameter pipes will extend slowly toward

and arcund the eircumference.

These two cdnstruction sequences are to comparatively studied as they may

differ in construction cost and consumer acquisition specd.

Refer to Figufe I11.4 and II1.5 for the supply commencement time by distriet and
the transmission pipeline construction period by section for Route 1 and Route 2.
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Chapter 5 LOAD CONCENTRATION FACTOR

5.

1

Household Load Pattern

Load variation patlerns in household LPG use were measured, using load survey
gas-meters (See Fig. 1.6},
Thirteen {(13) measurements (consisting of 9 Malay, 2 Chinese and 2 Indian)

were made with the results as shown in Fig. IH.7.

On the aversge, there were two peaks corresponding to lunch and dinner
preparation hours of which the lunch time peak showed a slightly higher load

concentration.

Foad concentration factors, which are given by the following equation, ror these

peaks are between 9 and 10%.

Load concentration _ Gas consumption volume in peak hours < 100 (%)

factor Gas consumption volume per day
Hours 11:00 - 12:00 18:00 - 19:00
Load concentration factor (%) 9.97 8.50

Applying 20% of safety factor on this observed factor, a load concentration
factor of 12% was assumed for this feasibility study.
This figure corresponding the empirically used one in Tokyo. The peak period is

assumed to be one hour ground lunch time,
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5.2

5'3

Restaurant Load Pattern

According to our experience there are two peaks daily, showing that a large
amount of energy is used at lunch and dinner hours, as shown in the following
figure.

load pattern

160

NEEREY \\// |
N

Toad %

0 § 12 18 24
Time
A load concentration factor of 24%, which is twice the household load

concentration factor, was assumed during the same concentration hour as

households.
Hotel Load Pattern

Normally, consumption hours and volumes are long and large in general, showing
three peaks daily in the morning, at noon and in the evening, respectively.

Load pattern
TN TS
-1\
Hot water

50 supply -/ / / \ \
§ start-up / \\ U \ \

] J Restaurant . \

it} 8 12 18 24

Time

To be on the safe side, the same concentration hour and factor as restaurants

was assiined,
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5.4 Industry load Pattern

Industrial load patterns vary preatly from a type of industry to another. In the
case of a whole day operation, a constant loading level continues all day. For

daytime operation type of industry the following pattern is comimon.

Load pattern
Start-up

o0 t —\

Operation
(I -
0 ] 12 18 24

Time

100

Load %

The highest peak appears at the morning start-up, ineluding the highest loading
for heating of boilers, furnaces, ete.
During the work operation, a 70% to 85% consumption level continues constantly

in the daytime.

Assumedly, this daytime operation type dominates in Klang Valley.
Since the household load conecentration hour fallt on the constant operation hours
of day type industrial consumers, a load concentration factor equal tc 1/2,000

of the annual gas sales volume was adopted. It was calculated as follows.

Amnual working days: 365 x 5—.'73 = 288.8

Asswned equivalent hours at peak load operation (Daily} : 7.0
286.8 x 7.0 = 2,007.4 = 2,000 (hours/year)
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Chapter § DESIGN OF TRANSMISSION SYSTEM
6.1 Design Flow-rate

The transmission pipeline system was so designed as to ensure a transmission
capacity sufficient to meet the city gas demand estimated for 2005. The design
flow-rate of city gas was sought by the following formula from the annual sales

amounts given by consumption purpose:

i Load concentration factor
—— X Xk

Design flow-rate factor 365 o0

or,

1

Equipment peak load operation hour x K

Design flow-rate factor =

where k, which is the temperature correction factor, was assumed to be 1.1.

(The average atmospheric temperature was assumed to be 27°C.)

The design flow-rate factors used in the ealculations are shown below.

Load concen- Equipment peak load Design flow-
Use tration factor operation hour rate factor

Household 12 % - 3.62 x 104
Restaurant 24 - 7.24
Hotel 24 - 7.24
Industrial - 2,000 h/year 5.50
Cooling = 1,500 7.33
CNG - 2,400 4.58
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6.2 Components of Transmission System

A transmission system composed of the followings was assumed:

(1)

(2)

(3)

(4)

Repulator station

The regulator station will be installed on the Transpeninsular Pipeline, which
will reduce the gas pressure of maximum 70 kg/em? to 9.9 kg/em? or less

and feed the main transmission pipeline.
Main transmission pipeline

The main transmission pipeline of the maximum operation pressure of 9.9
kg/em? will be installed along the basic route selected as described in 2.3
(See Figure II1.1). The pipe materials will be of the following standards

or equivalent in other international standards:

API 50 Grade-B
JI8 G 3452/3457

Valves will be installed in downstream of branch points of the pipeline unless

otherwise required.
Auxiliary transmission pipeline

The auxiliary transmission pipeline will send the gas of maximum 3.0
kg/em? from the MPA district regulator installed on the main {ransmission
pipeline to the MPB district regulstor installed at a position distant from the

main transmission pipeline.

Note: MPA is for Medium Pressure A (higher range} and MPB for Medium

Pressure B (lower range)
MPA distriet regulator The MPA distriet regulator will be installed on the

main transmission pipeline to feed the auxiliary transmission pipeline and the

distribution pipelines,
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9.9 - 4.5 kg/cm?

TTITTT I

0.3 - 0.1 kg/cm?

SN

L]

VA WN NN

N

A LN N

(5) MPB district regulator

0.3 - 0.1 kg/em2

The MPB distriet regulator will be installed on the auxiliary transmission

pipeline to feed the distribution pipelines.

3.0 - 1.0 kg/em?

0.3 - 0.1 l{g/cm2

6.3 Dimensions and Quantities of Transmission System Components

(1) Regulator station

A regulator station having a facility layout as shown in Figure HI.8 and

cecupying 8 land srea of approximately 40 m x 40 m will be installed at

three locations, namely at Shah Alam, Connaught Bridge and Kajan.
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(2) Main transmission pipeline

The diameter designs were carried out, using the optimum pipeline network
design system of Tokyo Gas, for each case of Base, Medium and Low
economical growth as well as the modified Base Case which include the
additional demands for cooling (2 levels), industry (2 levels) and CNG.
The results are shown in Figure H1.9 and Table III.1 and III.2. The linear
pipeline length was 236.2 km in all cases. The average diameter was
APProxK. 10 inches in the Base Case. In the hypotheical case referred as
Maximum case, where Base Case is added by all additional demands, the

diameter was approx. 15 inches.

(3) Auxiliary transmission pipeline
It is assumed that the auxiliary transmission pipelines of average 6
dianeter, in the total linear length of 50 km, will be distributed all over
the supply areas.

(4) Distriet regulator
One district regulator is considered to cover 8,000 to 10,000 consumers.

Therefore, assumedly, 100 MPA and MPB district regulators will be

distributed all over the supply areas.

6.4 Outline of Transmission Pipeline Design

(1) Pipeline should be installed under the unpaved section in the road shoulder or

the planted section exceept in the case of city streets,

Figure I1I.10 through III.13 show the general installation method of transmission

pipelines.

(2) Highway and railway erossing should be designed based on the standard
methods shown in Figure II1.14 and III.15.
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(3} The method of river erossing should be selected from the standards shown in
Figure III.16 through II1.18 in compliance with river width, space on the
bank and other conditions of the locations,
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Chapter 7 DESIGN OF DISTRIBUTION NETWORK
7.1 Selection of Basic Supply Systems
(1) Distribution system for general demand

There are the following supply methods for city gas distribution to
households and small commercial customers.

1) Low pressure distribution system (Max. 0.03 kg/em?2)
2) Intermediate pressure distribution system (Max. 0.3 kg/em2)
3) Medium pressure distribution system (Max. 3 kg/em2)

With a view to selecting a supply method for this purpose, Subang Jaya was
studied as a basic model with the following results:

Method :
Low pressure Intermediate Medium pressure
Item system pressure system system
Average 3.2 in. 2.9 in, 2.4 in.
diameter :
Required auxiliary Distriet House regulator House regulator
facility regulator

Total eonstruction

eost comparison

with low pressure 100 98 96
supply being 100
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(2)

Since the gas consumption amount of each consumer was relatively small,
there was little difference between aversge diameters, and as the result
their eonstruction costs were very much the same.

Finally, however, the supply method withintermediate pressure (0.3
ke/em2 - 0.1 kg/em?2), which allows maximum cost saving, gas supply
flexibility and easy maintenance and operation, was seleeted.

As the main piping materials, medium density polyethylene pipe was selected
from the standpoint of the supply method selected, corrosion prevention,

material cost and construction work easiness.

The use of this polyethylene pipe is limited to 4" in diameter for economical
reagson. For larger diameters, steel pipes with are weld should be used.

Large volume distribution system
For industrial demands, hotels and buildings, the supply pressure of max.

3.0 kg/em? to min. 1.0 kg/em? were selected, considering the requirements

of such consumers.
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7.2 Selection of Sample Areas

Normally, in making a city gas supply plan, the total construetion cost is
estimated after surveys have been made throughout the subjeet supply area
concerning the total number of households, commercial establishment and
industrial factories and the number, out of them, of those who may actually
require service conneetions as well as surveys on the amount of potential energy
consumption and the conditions of roads and streets in that area.

In this feaéibiiity study, which is under restriction of time, several sample areas
having a typieal structure of consumption were selected and the design and
estimation of distribution network were performed. Then the resulted
construction costs in those areas were analogically applied to other areas in

order to arrive at the total investment amount of the entire distribution network.

The following areas were selected as sample areas representingthe typical

categories of areas in Klang Valley.

Features of these areas are shown in Table II1.3.

Category Sample area
1. Residential area
A. High class residential area {1) Damansara Heights
B. Middle class residential area (2) Subang Java
C. Middle-low class residential area (3) Ampang Ulu Klang
D. Suburban residential ares {4) Kajang

2. Commercial area

A, Common shop and store ares (5) Petaling Street area
B. Coneentrated building area (6) Golden Triangle
3. Concentrated industrial area (7) Petaling Jaya (#83 Zone)
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7.3 Field Survey

Field surveys of the sample areas were condueted as a part of actual design work

of distribution network as follows.

(1)

(2)

(3)

A distinet supply area was established for each sample area by seleeting
such a bloek surrounded by rivers and canals, trunk roads, railways, ete.
that a whole self-sustaining distribution is required.

Demand survey

Investigations were mﬁde on the populations and the numbers of houses,
stores, buildings and factories.
Type and energy utilization conditions of the factories were also investigated

for the industrial sample area.
Observation of road conditions
Investigations were made on road width and struetures, underground cobjeets,
pavement conditions as well as plantations along the road for finalizing gas

pipe installation locations. In addition, the soil resistivities were measured

for designing ecathodie protection.
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7.4 Procedures of Network Design

Actual and detailed designing of the distribution networks for each of the sample
areas was performed based on the results of the field survey and the ecity gas
demand assigned to the area. Qutline of the designing procedures is shown in

the diagram below.

Demand Distribution

Load Factor
Pipe route Distriet Maximum Primary Minin)um
configuration regulator flow-rate pressure atriving
of the area location at consumpticn pressure
points
Caleulation

Optimum design of distribution network,
comprising :

Diameter of pipes
Length of pipes
Calculated flow-rate
Caleulated pressure

for esch block of street or for each
node point
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7.5 Design Flow-rate

7.6

The philosophy concerning the design flow-rate is basically the same as what was
entertained in 6.1. Based on the same assumptions, the flow-rate per housing
unit was established as follows:

City gas consumption per person per year {year 2005) 36.3  (Nm3)
Number of persons per household (2005, from KVPP) 4.58
Number of households per housing unit (From KVPP) 1.18

City gas consumption per housing unit per year (2005)
= 36.3 x 4.55 x 1,18 = 195 (Nm3)

Design flow-rate per housing unit (2005)

_ 1 1
=185 x 1.1 x 365x 10

]

= 0.070 {m3/h)

=

Assuming that on the average a population of 1,000 contains an employment of

400, the above household consumption will be added by a restaurant consumption

of 75 Nm3/year.
(See Part 2. 3 Demand by Restaurant)

The design flow-rate to answer this demand will be:

A 24 3
75 x 1.1 x 365 X 106 © 0.055 {(m°/h)

Therefore, the total design flow-rate per housing unit will be:
0.070 + 0.055 = 0.125 (m3/h)

Results of Design Work

(1) The design data and results are summarized in Table 1II.4.

{2) e configuration of designed networks are shown in Figure III.19 through
I1.24.
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Chapter 8 DESIGN OF OTHER FACILITIES

8.1 Cathodie Protection

8.1.1 Design Conditions

The soil resistivities were measured in the Klang Valley area, which resulted in

the following clasgification of the area.

Category A B
Feature Areas with relatively Areas with relatively
low soil resistivity high soil resistivity
and medium corrosiveness and low corrosiveness
Average soil
resistance
(om- £ ) 6,627 19,452
Name of area Ampang Ulu Klang area/ Other areas

K.L. central area
(including Golden
triangle) and Port
Klang City area

Other conditions assumed for the design are as follows.
(1) Magnesium anode installation at 200 m interval is to be adopted.

(2) The electric potential difference between the pipe and the ancde shall be
-1,000 mV.

(3) The coating resistance of the polyethylene pipe in a stationary state is
5,000 m2.

(4) The expected life span of the magnesium anode shall be more than 40

years.

(5) Average diameter of pipe to be protected is' supposed 300 mm.
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8.1.2 Design Resulls

8.2

8.3

Magnesium anodes to be installed along the tranhsmission pipelines at 200 m
interval are determined ss follows.

$0il category A B
Main line Type 258 x 2 Type 255 x 1
Auxiliary line Type 178 x 2 Type 178 x 1

Design caleulations are shown in Table II1.16.

Service Pipes

For corrosion prevention and construction cost saving, polyethylene pipes shali be
used, In case of common households, the pipe diameter will be 20 mm to suit
their consumption amount, and steel-to-poly-ethylene transition joints shall be
used near the gas-meter pipe turn-up. _

For commercial consumers, the pipe diameters of 32 to 40 mm will be used,
depending upon the design flow rate. For industrial and hotel purposes, 100 mm
steel pipes will be required.

Gas-meters gnd House Repgulators

For common households, the disphram type gas-meters capable of passing max. 1
m3 of natural gas per hour will be used, For commercial purposes, the
diaphram type gas-meters capable of passing 10 - 15 m3 per hour will be
needed. For industrial purposes, the rotaty type gas-meters with a pressure
compensation mechanism gre recommendsble to meet medium pressure gas supply.
The house regulator shall be small diaphram type regulators capable of
regulating the pressure from 0.3 kg/em?2 fo approximately 300 mm of water
column. It wili be installed immediately before the gas-meter.
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8.4 Installation Piping and Cocks

Material for installation piping are to be galvanized steel pipes with threaded
joints,  Polyethylene pipes should not be used. Pipe diameter for common

household purposes will be minimum 15 mm,

8.5 LPG Storage and Supply

When the demand is located at distance from the constructed trans-mission line

an LPG reticulation system will be provided.

For this purpose the following two types of LPG storage and supply facilities are
proposed.

8.5.1 Storage Tank System

For permanent or long-term large-seale reticulation system, this type of
storage and supply system is recommended. Following facilities are generally

required for this system,

Unloading lines
LPG tank
. Vaporizer

a o o o

Vaporized gas pressure regulator

However, if natura} vaporization in the tank is sufficient for the required
amount, the vaporizer is not necessary. This is the case with the reticulation

system now operated by PDSB in Klang Valley.

For 4,000 customers, a 10 ton LPG tank facility, an example of which is
shown in Figure 111,25 is necessary. The design basis for this as as follows.
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8.5.2

i} Unit consumption per customer 0.45 kg/day

ii) Capacity of tank lorry 7,000 kg
-iii) Tank replenishing interval 4 days
iv) Storage safety interval 2 days

Assuming 2.5 hours of peak use per day and 20% of safety factor for
vaporization rate, required vaporization capacity of the system is caleulated to
be approximately 200 kg/hour. '

4,000 x 0.45x 1.2 x 52

225 (kg/hour)

Considering- the necessity of a stand-by and maintenance relief, two storage
tanks should be provided (See Figure II.26).

Cylinder Exchange System

For interim or small-scale reticulation system, this type of system is suitable.
Required facilities are an LPG eylinder storage house equipped with two sets of
manifolds for collecting gas and an automatically changing pressure regulator.
This pressure regulstor automatically changes the supply line to the newer set
of cylinders, when the feeding pressure drops as the supplying cylinders come
to empty {See Figure II1.27). For 1,000 customers, a system with two sets
of 36 cylinders, which is depicted in'Figure .III.28, is required.

The design basis is given below.

i) Unit consumption per customer 0.45 kg/day
ii) Vaporization eapacity per cylinder 1.5 kg/hour
iii) Peak hours per day 2.5 hours/day
iv) Safety faetor (vaporization) 20%
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Chapter 9 RESULT OF CONCEPTIONAL DESIGN
The result of the conceptional design will be given in the tables listed below.

No. of city gas actual Base case Table HI.5

consumers units Base route 2 case Table 1I1.6
‘Medium case Table IIT.7
Low case Table 11I.8
City gas sales volume Base case Table 1.9
Base route 2 case Table 1I1.10
Medium case Table 111.11
Low case Table II1.12
Summary case Table I11.13
Additional case Table II1.14
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Table 111.1 DESIGN OF TRANSMISSION SYSTEM

Total sales Flow-  Average Construction

Case volume rate diameter P cost™
(103 Nm3/Year) (m3/H)  (mm) (inch) (103 US$)

Base Route 1 266,056 128,107  227.8 9.1 26,723.5
Route 2 265,803 128,072 227.8 3.1 26,729.7

Medium 247,741 120,237  223.8 9.0 26,526.0
Low 222,267 107,711  219.7 8.8  26,299.9
Base + Industry High 771,556 406,132 329.5 13.2 34,025.9
Base + Industry Low 518,807 267,120  289.8 11.6 30,967.6
Base + Cooling High 335,763 179,225  269.7 10.8 29,771.5
Base + Cooling Low 296,667 150,555  242.9 9.7 28,020.7
Base + C.N.G. 42'7,493. 202,099  278.9 11.2 30,424.5
Maximum 1,002,699 531,242  382.0 15.3 39,961.3

* Main transmission pipe and 3 govener stations.
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Table III.2 RFSULTS OF TRANSMISSION PIPELINE DESIGN

TRANSHISSION PIFE LINE DIAMETER

fIFE-NO

ROUTER

MED M

EY EACH

Loy

CASE

A

LD SN N O o

a0y Bt

E

et
pd
P
r
<
z
-
-
-
i
4
&
S
7
4

"‘JJE“_"J"‘!"J"NT'J.Z:-(.;Jb{~’:—k‘.‘~!.)0~kﬂt-ﬁt4®-]L-:LﬂL_ﬂbvlF.)f“J:'Jf-.)'.'.,-l.”JUlb-i'-.-'ir‘J-J.bl’-Jb-‘-L-Il'.«-lcb&-ld!-;l

[ A RV

3

- r

.

.

-

>

.

Wl E OOt -G ORHLPOVLOLEWROEDNEGNVNGO 2O WU R~IVMEBUE

.

O N
R T - D e

T3 e

200
150

200
150
150
400
300
300
290
300
259
in0
200
99
200
pafel)
150
o0
200
200
154
§60
1%0
200
00
{60
00
jRald]
158
200
260
{00
P0G

200

Cifit)

500
500
400
S0
460
AQQ
200
200
190
200
200
jo0
200
K1=1)
300
CAQD
4G9
400
400
405
00
200
Joe
300
109
150

400
156
300
300
{00
150
360
200
280
180
300
{00
200
500
466
300
350
09

TR

400
430
400
IGO0
R
i50
06
00
200
§ 50
Rele)
1509
200

C 159
ise
100

100
iga
200
280
190
100
jelnlt]

400
400
160
200
300
390
200
150
300
50
300
730
560
400
409
400
300.
500

-300

500

"800

4009
400
I00
500
A00
300
100
160
400
159
300
iS¢
1006
360
490
409
109
106
400
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Table III,16 MAGNESIUM ANODE QUANTITIES AND CAPACITIES FOR
TRANSMISSION PIPELINES

Corrosion prevention area A=t xDxL=188.5 m2

Pipe-to-earth resistance 5,000/188.5 = 26.5 R

Ares Soil resistance Grounding Eleetric current Effective anode
average value resistance generated per electricity
cm Q per anode anode mmA capacity
Q A Year
A 6627 26.5 18.9 0.756
B 19452 7.8 3.6 0.384

Area Magnesium

Magnesium anodes to be

anodes actually installed

theoretically

required Treunk line Distribution line
A 98 - 2 ea. 255 - 2 en. 178 ~ 2 ea.
B 93 - 1 ea. 253 - 1 ea. 178 - 1 ea.
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SCHEDULE FPigure 11I.4
( BASE ROUTE 1 ) [(*Q3
. 1
PIPE | 1PHESE | 2PHESE | BPUESE | 4PHESE | &PUESE
i ~ TOTAL SUPPLY YEAR _
S1ZE 03 T aTs v e -
i 8 f7 i N N (96 e 63. 64
6" 0 58 T34 9.9 1.1 | 3.5 T
g 7 2.0°] i8.0 {.9 16.6 0 58.5 PHESE
127 5.6 6.7 N 18.8 0 W NS
16 ” 1.5 0 10.3 0 0 1.8 \.C.O‘ TRUCTION
L2 9.3 0 0 0 0 9.3
24 7 0 0 i; 0 0 0
30 7 0 0 0 0 0 _ 0
OTAL 52.2 9.2 5.1 13.4 39.0 236.2 |
! : @@\138 ( ZONE M )
AVG.SIZEL 123 8.4 9.9 5.1 1.6 9.1 1567 10.31.32
valVE | 18 14 7 6 3 48
112 .113
129 93
v
: .y 80.90. 91..92
115.116. 131 51.75.11.18
\ 927
,_ . 1 4 79.681.108
v a7 |
v _G2)
130 106,107
@ . 23.24 .85.198
95.95.117 1 i 93.39 .99 40.41,43.44
I
Sz 108
y 124
I \8. 09 '
T8 101 -103
: 1089
132,113 @
_ 102,104 ' e~
, : 120,127 1r ) o T e
: 121.123.125 : ‘ 10 .1
(95 . 6%
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E; (j I{ IE I) IJ IJ Eﬁ Figure III.5
( BASE ROUTE 2 )
m
PIPE | 1PHESE | 2PHESE | SPHESE | APHESE | 5PHESE
s1zel s - — s S TOTAL "SUPPLY YEAR
i 178 .8 5 K e 96>
(% 0 8.0 0.3 50 1Ll 5.5 T .
8~ 16.9 20.6 15.7 5.3 0 58.5 PHESE
12~ 20.8 6.8 10.7 26.9 12.0 T7.2
16" '3 0 10.3 0 ) 1.8 \C.ONSTRUC“ON
50 7 5.3 0 0 0 9 33
20 0 0 0 0 0 0
507 0 0 0 0 0 )
TOTAL | 50.3 | 47.2 | @ 47.1 40.6 51.0 26.2 1052 -
: 92 130 (ZONE )
AVG.SIZE 12.0 1.2 10.2 10.0 6.3 9.1 1207
e | 17 20 5 a 3 49
' 112 .113
96
129
-
80.90. 91..92
4
115.116. 131 3
-
T &1
~130 ii $93 106,107
(D
95.96.1117 93,93 99
@ we__
4 124
118. 119
: .103
I 101
132,133 '?
- 102 . 104
o 120 122
f WU I
(93 ; 120923128

51.76.77.78

79.81.108

. 40.41.43. 44

109

51.61.62

63 64

0.31.32
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Figure HI.7 RESULT OF LOAD SURVEY



Figure 1IY.8
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: :5839(3)

< 1607 I ""'N‘\J 101,103
<o S 54 'y~ 1738
» . 5.88 m e @
132.15% B.14 : 353 (4)
410
129,122 1022'2%“’
b TT3%5s 2
o 1k
™ 121,123 125

DESIGN RESULT OF
LEGEND Figure 111.9
TRANSMI SS I ON
S Y S TIEM ( BASE ROUTE 1 ) 204
POINT_NO
PIPE | 1PHESE | 2PHESE | 3PHESE | 4 PHESE | &PHESE T FLOW.
TOTAL o~
SIZE TR | et & e |Gt BB eS| Gt W BB | S e -q:_,. P]_P_,E SIZE“HCH)
i~ L8187 2.7 5.8 27.9 6.9 1 Z2 1 he
B 0 5.8 13.4 | 2.2 1.1 32.5 Q = ' (/i)
8" 2.0 | 18,0 1.9 66 | 0 58.5 FLOW VOLUME
15" 21.6 16.7 1.1 8.5 | ¢ 1.2 e
18 " 5 0 10.3 0 0 1.8
20 7 5.3 0 0 R 9.3 503 LENGTH (Km)
247 0 0 0 0 0. :
07 [0 0 0 I G % __(ZONE _NO)
1210 (PO INTVOL UME)
ToTAL | 522 a9.2 | saa | esa | a0 | 232 (w¥/H)
AVG.SIZE | 12.3 8.4 9.9 9.1 4.5 9.1 . )
PRESSUER (K3 /enf)
VALVE 18 14 7 5] 3 48 )
TR
114
51
8 64
_ $0.90.91.92
3t 13 2107
\ o G
<8 o, : @
2l L DA
‘!%3, o
o
2@
4
130 _6,@ an 106107
1202 L 2297

97.51.62

63.64

5847
i =125~
13688
)

5t.716.77.18. - . :

T @
N FTNGE 38,50 e 6.9
LERIUATRL = & 1801 D%
5766 / 2

)
23.24.85.108

1075

(16) 37579 iB

1803

6034




REGULATOR STATION

L WAY
ODORIZER RAIL WA DISTRICT REGULATOR
: T———‘]
7N\ NN
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SILENCER 10 KSC MOP ] lf | e = X S
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__E
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N
£y
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oo § oY oY vunJ ¥ i R
oooooooo HIGH WAY
o o [ s s v ¥ o B < e s T e B o R ; '
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>4 VALVE PIT =< 1 ,ﬂfmg‘ C: : : L%
E AN —-.-M‘—_ ! 7 i Ry 7 f TRETEIAR
LOW PRESSURE :
DISTR, NETWORK
n ¥ & £ |H ®m RE R| R &
TTEM|{DESCRIPTION|NATL [QUANT ¥RINT|REMARKS
® /%
USER
A E
COSTOe
TITLE
'STEEL PIPE ag@c‘ OVERALL SYSTEM
o P SCHEMATIC
POLYETHYLENE PIPE el T avorzrroulMR scaLzi® &
J : mixl 1/ pwe 4 Figure TII.10
xl K 2 & B
DASIONA BRANLAS foepar ez 52| ToE  TOKYO GAS ENGINEERING CO.LTD.
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CROSS SECTIONS OF MAIN ROADS IN_ A _CITY AREA

NO.1__ _NQ.4__
. /
23.00 3 \ /
1
090_120.0,20 18.20 az0 130 094 -
LR TN | ;
| 1 |* | ASPHALT ASPHALT 5 o
| ; :l/i/"a? ! f \.‘ : |
T ' e 7 _‘ *
= e s 090020 1130 0290
e Q '/ l
TRIC CABL. . TRUNK _LINE DISTR, PIPING /ﬂ‘i@.ﬂ_agg | |
\ \ TMEDIUM PRESSUREY T.OW PRESSURE] ASFPHALT o i |
WATER PIPE\ \ DISTR. PIPING TELEPHONE CABLE/ J ; : a~. :
LOW PRESSURE] [ , =t ‘
i /‘
ELECTRIC CABLE / (ngirgs lﬁlgg - / WATER PIPE.
MEDIUM PRESSURE
—NQz2 TELEPHONE,_GABLE/ f -
DISTR. PIPING
20.00 RESSURE]
070l 1850020 1520 0.20 150 0.70
> : . NO.6_ _NQ.S
1
___F_iASPHALT ASPHALT !l
J 5 . ' 4,40 ; 10,60 .
! o @ 045 . 350 045 Q30| . 180 0.20 6.40 160 . 030
i /7 || | | | 9 1
ASPHALT | : 1
DISTR, PIPING TRUNK_LINE ELECTRIC CaBLE/ WATER PIPE B l l | i ASPHALT _ASPHALT
“TLOW PRESS PRE._,SU—?} \ | (MEDIUM PRESSURE) | | | o1 | R s
I : = O
T NE CABLE) \WATER_PIPE DISTR. PIPING L]=§:U
TELEPHONE C \ LoV PRESSURE] i 73 : ] ﬁ_ |l \ _
WATER PIPE/ DISTR, PIPING WATER PIPE\ TRUNK LINE / \‘\WATEB PIPE
\ LOW PRESSURE] MEDRIM PRESSUR
r ' ELECTRIC CABLE\  _DISTR, PIPIN “\TELEPHONE CABLE
_NOJ W PRESSUR
n 2000 B
/\ 9003‘09,20 16'40 OZQQ-{QQ‘ /\ R & % H Rl R E| W@ &
; il LTEMN{DESCRIPTION|WATL [AUANT{ MEIOHT | RENARK S
i ' R
|1 e | AL o | S
IR : i g P coraas
. ' Ll ) TITLE
E—L? “i"‘\ | ™ " | TYPICAL PIPE INSTALLATION
| it 3
WATER PPE\ \ DISTR.PIPING R ' \\\ WATER PIPE %) (V2)
(LOW PRESSURE) ZMEmmum“ P“‘Rﬁssu%REJ \TELEPHQNE CABLE F;;@ AVOLEROMMR. SCALEIE ¥
el 1./ pwo & Filgure TII.11
DISTR PIPING |\ T
DRG AN & DRAWIHG W AT N Ba "E TOKYO GAS ENGINEERING CO.LTD.
[ N;[ NEACRIPTION (APPROVED CHEC‘!EED wm DATE
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| A ) 1

CROSS_SECTIONSOFMAIN ROADS IN THE SUBURBS

NO.7
— ) '*-5_4-”"\,‘
. — ~ '/' N
_ 27_10--" . I -
170 520 615 20 4% Gy 673 Q20 300 A“'"‘-‘:.m
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i } ! I
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| — | I ] Oif.- I~
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X 1440, -
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¥ L
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PART IV STUDY OF THE CONSTRUGTION SCHEDULE OF THE
- INTEGRATED GAS DISTRIBUTION SYSTEM






PART 4 STUDY OF THE CONSTRUCTION SCHEDULE OF THE INTEGRATED GAS
DISTRIBUTION SYSTEM

Chapter 1 BASIC IMPLEMENTATION SCHEDULE

1.1 Base Case

1986 —eepe-
B Feasibility study (May 1986 - Feb. 1987)
1987 Evaluation of the project and preparation
B (1 year 4 months)}
1988y
L Basic engineering (1 year)
1989y
_ Selection of eontractors (4 months)
Detail engineering (8 months)
1990y
B Initial construction (1.5 years)
- Manufacturing and site construetion of the major
_ part of transmission system and a part of the
1991 _, distribution system
T 77T [CStart-up of the system |
1992
. Continual construetion
Construection of -the rest of the transmission system
and yearly extension of the distribution system
2005
B [ Completion of the system




1.2 Medium and Low Cases

1986 e
_ Feasibility study (May 1986 - Feb. 1987)
1987 Evaluation of the project
_ & {6 months)
1988
s Stand-by period due to the national economic
_ conditions
1988
1990 Re-evaluation of the project and preparation
_ (1 year 4 months)
1991 : .
— ==~  Basie engineering (1 year)
1992 . '
— "1 Selection of contractors (4 months)
= Detail engineering (8 months)
1993 © __§
e Initia) construction (1.5 years)
B Manufacturing and site construction of the major
1994 _ part of transmission system and a part of the
_ distribution system
1995 ” [ Start-up of the system |
o Continual construetion
Construetion of the rest of the transmission system
. and yearly extension of the distribution system
2005
N {""Completion of the system |

Iv-2



Chapter 2 PREPARATORY WORKS FOR THE PROJECT IMPLEMENTATION

2.1 Items and Schedule of the Preparatory Works
For the implementation of this projeet, when it is approved to be
proceeded, various preparatory works will be required. They are
categorized as follows.
(1) Setting-up of a projeet promoting body

(2) Establishment of the project scheme for implementation

(3) Preparations for authorization and control of city gas business in

general
(4). Incorporation of operating companies
(5) Basie engineering for constructing facilities and operation systems
(ﬁ) Construction of facilities and operation systems

The schedule for the actualization of these preparatory works are proposed
in Figure IV.1.



2.2

2.3

Setting-up of a Project Promoting Body

After the projeet is properly evaluated and a take-off decision is made, a
project promoting body is required to be set .llp. Its primary jobs are
establishment of the projeet scheme, promotion fo prepare the legislative
and administrative conditions for city gas business, arrangement for
incorporating a city gas operating company(s) and the management of

engineering works for facility and operation system construection.

To make the preparatory works more serious and practical, the project
promoting body should not be denied to become either the sole operating

company or one of the sharing operating companies of the city gas system.

After the establishment of the operating company(s}, the basie engineering
work should be performed for and under the management of the operating
company(s) and it should be also responsible for promoting the preparation
of the conditions for city gas business. The finalization of the basie
engineering and actual construction work need to be done by this

company(s) itself.

Establishment of the Project Scheme for Implementation

This work need to be started with purchase gas pricing. This price can be
defined either directly or in correlation with other energy prices, as long
as it is defined so distinetly and guaranteed so assuredly that the actual

implementation plan can be built up on its basis.

The role of the project promoting body here is considered to be to initiate
the price negotiation by proposing an idea of the price with its way of
definition and urge discussions on the effect of the project on the national

economy and call for a settlement as a political' decision.

V-4



The framework of the system to be established on this purchase gas price,

whiech has not been available and had to be assumed in the feasibility

study, are as follows.

(1)

(2)

(3)

Exact scope of the demand for eity gas

The scope of energy demand for city gas, as a target, is to be
determined in terms of the kind of energy in all sector, in respect of

the purp'ose of use and the status of existence (being or not being).
Sales gas pricing

Sales gas price which may vary by demand types is to be studied
carefully on both cost and value basis for establishing a practical sales
gas price system. The sales gas price is to be considered in relation
with customer's contribution on the construction cost. A general rule

on the latter should also be estgblished at the same time.
Basie time table

A basie time table for realizing the whole scope of city gas system is
to be determined based on the projeet scheimes established in the
above. Here different schedules for different areas or .demand types
should be positively discussed and adopted if they are proved practical.
An experimental stage of realization on a restricted scale for obtaining
a whole set of experiences related to the city gas or probing exact
reactions of the customers is recommended in case that a Slow pace is

taken for the project implementation.



2.4

(4) Requirements for operating company(s)

Studies are to be made as to how to operate the whole city gas system
as defined in the above and the characteristics and requirements for

the company{s) capable of such operation are to be made clear.

In establishing these framework of the project, the datm combined in this
feasibility study report on all the aspects of the energy consumption in the
Klang Valley area and regarding the construction of the total gas

distribution system will be highly informative.

However, in the course of project scheme establishment, which requires a
number of deeisions on the matters so far not familiar in Malaysia,
expertise in city gas operation would help the project promoﬁng body
greatly. So a capable consultant specialized in this field of business should

be considered to be brought into this stage of the work,

Preparations for authorization and control of city gas business in general

In order to launch a eity gas eompany, some legislative and administirative

conditions are required to be prepared. They are mainly as follows.
(1) Legislation to authorize city gas companies

(2) Admission to oceupy the space under the roads for distribution and

service pipe installation

(3) Preparation of technical standards and recommendations for securing

publie safety in relation with city gas



Recommendations and references on these matters are given in Part 7 of
this feasibility study.

Experts who have knowledge and experience in the activities in city gas
operation as well as in the legislative side of that business will be available

and effective in arranging these conditions.

Incorporation of Oper'ating Company(s)

As mentioned in Part 7 Conelusion, this projeet should be started with
public investment because of its profitability which seems not large enough
to attraet private investments. For this reason the operating company is
most likely to be a not subscribed company whose Share capital is fully
owned by PETRONAS and/or its subsidiaries,

However, the possibility of privatization cannot be denied, especi'ally in
case that such measures as subsidization on energy prices and some
selection of.demand types and supply areas for city gas are taken. In case
of the operation by private sector, division of the business may well be
diseussed.  Our opinion is that the loss arising from. the division is not
small and it should be carefully minimized by taking precautionary measures

as mentioned in the reference information-1.
Anyway a company of companies who are to take the responsibility of

operation of the city gas system need to be incorporated and take over the

preparatory works from the project promoting body in due time.
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Basie Engineering for Constructing Facilities and Operation Systems

Basic engineering work here means the works both for the construction of
eity gas distribution facilities and the preparation of the various systems
required for the operation of the ecity gas company. And the basie
engineering for the facility construetion consists of the two distinguishable

portions;

- For transmission system construction

- For distribution system and internal piping construction

These engineering works should be performed by capable engineering firms
who have deep knowledge and full-range experience of city gas transmission
and distribution as well as its utilization. The works can be either packed

in one package or divided into two or three packages.
(1) Basie engineering for transmission system

The transmission system which comprises regulator stations at city
gates, main and auxiliary transmission pipelines and distriet regulators,
is expected to be constructed by a contraetor or contractors who are
internationally selected by bidding. So the basie engineering for this
construction should follow the nearly standardized procedure for this

kind of engineering, which are mentioned in the following.

Items of Basie Engineering

1) Construction project exscution plan
- QOrganization, ete.
- Project schedule
2) Procedures and manuals
- Project coordination
~ EPCM
- QC/QA
Cost/schedule control

Procurement poliey

Iv-8



(2)

3) Basie engineering
- Engineering criteria
~ Calculations
- Basie drawings
4) Engineering specifications
- Design/engineering
- Material and equipment
5} Construction specifications
- Construction
- Feld QA/QC
- Commissioning and start-up
6) Preparation of bid package

Basic engineering for distribution and internal piping

The work forece to construet these facilities are to be domestic, though
temporary reinforecement from overseas for the period of concentrated

constructions is admitted,

Distribution system is supposed to be owned by operation companies and
internal piping by building owners. But regardless to the final
ownership, the possible undertakers of these construction works are the

operation companies and the developers of estates and housings.

Though it is possible to close the door to the developers for the sake
of safety, we recommend that it should be considered, for ensuring a
smooth acceptance of city gas by the Malaysian business world, to
entrust the developers the construction of both distribution and internal
piping required for their developing projeets, on condition that the
following systems, which will be prepafed and o.perated either by gas
companies and/or other éuthorities, are established to ensure the

soundness of the facilities to be constructed.

Iv-9



(3)

~ Design and material standard system
- Piping worker qualification system
~ Approval system
- for construetion initiation
(design approval, for distribution system only)
- for acceptance of take-over
(for distribution system onty)

- for commissioning

Preparation of the above system will occupy the main portion of the
basiec engineering work. Besides, the preparation of the following

works will be also included in the basic engineering.
~ Construction organization
- Work force unit design
{ecrew composition with required skills and standard equipment)
- Training program
~ Material supply system
- Work procedures

Engineering for city gas operation system

First of all systems for the following works concerning the construected

items are required.
A. Operation and maintenance of transmission and distribution system
B. Extention work of distribution system

Besides, the following systems are indispensable for starting a city gas

company.
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C. Billing and bill-collection system
- Administrative system for meter reading order, meter reading, bill
issuance and charge collection
- Media for meter reading, bill sending and charge collection

D, Customer connection system
- Connection, disconnection and meter removal for femporary
disconnection
- Related works to customer connection
- Internal piping installation and modification
~ Conversion of gés applianees of the customer to natural gas

E. Emergency system
~ Emergency crews on 24 hour watch, with skills and equipment for
handling the situation and means of rushing to the site
- Back-up work foree for emergency repairment, capable of surface

breaking and digging

The f{ollowings are not indispensable just fo keep operation but

necessary for the company to upgrade the gas sales.

F. Gas appliance handling
- Bales shops of gas appliances, owned or controlled by the company
- Repairing power of gas appliances, direct or through the sales

shops
G. Suppiy and conversion system for combustion equipment
- For industrial users

- For large-scale commercial users

If the company decides to get further control on the ecity gas market,

the followings are reeommended to add the companys' operation system.
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H. Gas appliance development system
I. Combustion technology development system

The engineering work aims at the preparation of the framework of
these operation systems, whieh inciudes organizations in relation with -
outside forces, manpower with specified skills and ecapability and

required facilities and equipment.

2.7 Construction of Facilities and Operation System

The constrution of the transmission system is supposed to be undertaken by
a contractor(s). The contractor will be selected by the company with an
assistance of the consultant who has performed the basic engineering

concerned.

The detail engineering, items of which are mentioned below, is usually
performed by the contractor. But in case of separate packages, detail
engineering and procurement service of long-term items will be performed
by the consultant. This consultant, or shother who replaces it, should also
perform, for the operation company, the construction ménagement gservice
which includes supervision and inspection during the progress and test and

commissioning in the final stage of the construetion.

Items of Detail Engineering

1) Purchase requisitions

Bill of materials

i

Material requisitions

i

Material specification for purchase

Data sheets

1
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2) Design drawings and calculations
- Alignment sheets
- Piping isometries
- Piping arrangements
- Installation details, ete.
3} Procurement
- Expediting

- Inspection

The construction of the distribution system and the internal piping is
supposed to be carried out mainly by domestic forces who. are to be
organized under the mangement of the operating company. This
management is vital for this scope of construction and is recommended to
be supported by the consuitant who has performed the basic engineering for

the construction.

As for the operation system, it is recommended, as an unmistakable way of
preparing reliable operation system, that a battery consisting of é'person
recruited by the company and an expert dispatched from the consultant who
has perfoi'med the basie engineering should be set up for each operation
system to be prepared in an early stage of the preparation, and then this
battery takes the responsibility for the completion of the system.
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Chapter 3 ACTUAL CONSTRUCTION SCHEDULE

3.1

Construction Program of Transmission and Distribution System

As shown in the figure in the next page, the construction of the
transmission and distribution systems will be executed in 5 phases, Figure
1.4 and N1.5 show the transmission pipeline section to be constructed in
each phase and the area to which gas will be introduced upon completion of

that section.

City gas will be supplied in the following speed to satisfy the household and

restaurant demands which had already existed at the time of city gas

introduction:
city pas introduction year 35%
2nd year 35%
3rd year 10%
4th year i0%

Therefore, the distribution pipelines need to be constructed in such a speed
as will meet the above increase of demand. It is shown by D-1, D-2, D-3
and D-4 in the figure. The existing hotel demand and industrial demand
will be replaced by city gas to the extent of 70% and 50% respectively in
the year of city gas introduction, and the necessary supply pipeline
construction (omitted from the figure) need to be performed. For demands
that may occur after city gas introduction, the construction of necessary
distribution pipelines will continue every year after city gas introduetion
until 2005. It is shown by d in the figure.

Figure 1V.2 shows the construction schedule for Base case. In Medium case

as well as Low case, all the timing of construction will be postpoued by 3

years from this time sehedule.
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3.2

Implementation Plans

(1)

(2)

Transmission pipeline

The total linear length of 236.2 km will be installed in five years.

The work will be carried out by field groups, each of which is composed of
excavators, plumbers and road reinstatement workers. Three groups may
work simultaneously on different work sections. Yearly progress of
construction will be 58 km as calculated below and it will take 5 years to

complete all the length,
3 groups x 80 m/day x 25 days/month x 12 month/year x *0.8
= b7.6 km/year (*0.8 = weather factor)
Distribution Network
The construction performance cepacity of each group is roughly shown below.
A necessary number of groups need to be organized in accordance with the

total construction linear length of the zone.

1 grouw x 50 m/day x 25 days/mon. x 12 mon./year x * 0.8
= 12 km/year (*0.8 = weather factor)
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Figure 1V.1 SCHEDULE OF PREPARATORY WORKS TOWARD THE START-UP

§ months Project evaluation and setting-up of project promoting body
Preparation for
10 Establishment for project
secheme for implementation
- . !. I
Basic engineering work
] [
i |
| I Incorpora-
! ! tion of
12 ) _ operating
Transmission Dlsmbu“o; Operation] {companies
system system and system
internal piping .
T 1
| . .
4 Contractor | Construction :Preparatlon of
selection i preparation |operation system
B !
4| i Authorization
| | and control
Detail engineering ! : gf f’;ty gas
8 and designing ! I usiness in
[ ‘ general
l I
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Construetion : Construction :
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I [
I {
| !
I
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' |
' |
| [
| Construction and preparation
| |
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Fig. 1V.2

1990
1991

1992

1993

1994

1995

1986

1997

19598

1999

2000

2001

2002

2003

2004

2005

Note:

T: Construction of transmission system
D-1,2,3,4: Construction of distribution network for existing demand
d: Construction of distribution network for new demand

ACTUAL CONSTRUCTION SCHEDULE (for Base Case)

Stage 1
- T _
1T T
Stage 2
D-1/d T Stage 3
b-2/d D-1/4 T Stage 4
S AR AU RSN A
D-3/d D-2/d D-1/d T Stage 5
D-4/d D-3/d D-2/d b-1/d T
d D-4/d D-3/d D-2/d D-1/4
S I R 1 S U —-—
d d b-4/d D-3/d b-2/d
d d d D-4/d D-3/d
d d d d D-4/d
d d d d d
d d d d d
d d d d d
d d d d d
d d d d d
d d d d d

’I‘hé construetion schedule for Medium and Low Cases will be
3 years behind this schedule.
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PART § ESTIMATION OF CONSTRUCTION COST

Chapter 1 UNIT CONSTRUCTION COST
1.1 Adopted Unit Construetion Cost

(1) Transmission Pipelines (US$/m)

Diameter 4" 6" 81! 10” 121[ 14"- 16" 20" 24" 30"

Unit

cost 6.7 92.9 100.9 112.8 123.9 145.7 156.9 208.9 232.4 314.2

{2) Distribution Pipelines (US$/m)

Material/Diameter Polyethylene pipe Steel pipe
2[! 3" 4?! 2“ 3" 4!! 6" 8ll

Unit cost for

existing area 36.0 39.2 42.3 38.4 42.3 46.0 54.1 72.1

Unit cost for new

development area 12.3 20.4 23.5 19.6 24.2 27.3 54.1 72.1

(3} Regulators and Valves (US$/Unit)

a. Regulator station

Av. diameter of pipeline an 120 16"
Unit cost 184,000 264,000 346,000




b. Valve on transmission

pipeline {(US%/Unit)

Position Before distriet At branch point
regutlator .

Diameter e an 2 16"
Unit cost 2,880 6,005 8,600 11,300

¢. Distriet regulator 12,400 US$/unit

(4) LPG Vaporizing Facility (US$/Uuit)
Permanent facility (3,000 consumers) 71,700
Temporary facility (2,000 consumers) 25,000

{(5) Service Pipes {US$/Customer)
Housecholds Restaurants Factories and
hotels
Unit cost for 47.5 60.8 90. 4
existing area
Unit cost for new 9.4 99.6 59.3

development area

(6) Installation Piping, Gas Meter and Customer Regulator Cost (US$/Customer)

Households Restaurants Hotels and Factories
factories (oil replacing)
Installation 78.8 111.5 3,011.3 4,898.1
piping
Gas meter and 45.5 118.1 8,603.8 12,943.4

regulator




(7) Conversion Cost (US$/Customer)

Hotels Factories
Households Restaurants

LPG replacing Oil replacing

7.9 35.4 603.8 747.2 33,962.3

1.2 Bases for Unit Construction Cost Caleulation
(1) Transmission and Supply Pipelines

a. Piping Materials Cost (US$/m)

Diameter 2” 3[! 4!! 6" 8“ 1{}" 12" 14“ 16" 20" 24" 30"
Pipe

Steel pipe for |
transm%ssion 16.4 28.9 34.1 42.8 50.9 55.8 64.1 80.3 96.6 120.4
pipeline (MPA}

Steel pipe for

tl’aﬂSﬂliSSiOﬂ 4.2 8.3 11.92 14.9
and distribu-

tion pipeline

(MPB)

Polyethylene 2.7 5.7 8.4
pipe (PE) '

Note: The above data are based on a survey in Malaysia.

b. General Construction Cost
The following construetion unit force organizations and work efficiencies
were assumed, to which the wages and vehicle/ equipment rental rates
obtained in Malaysia were applied to find the basic construction cost.
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Construetion Unit Make-up 1 (Labor)

Piping Paving  Tabor cost
MPA MPB  PE M$/month
Supervisor 1 1 1 1 2,500
Plumber 1 1 9 1,500
Operator 22 2 2 1,500
Welder 4 9 2,000
Laborer 5 5 5 4 1,000
Guard 2 2 9 2 750
Total 15 13 12 9

Construetion Unit Make-up 2 {Vehicle & Equipment)

Piping Paving  Rental

VPA MPB/PE US$/month

Backhoe 1 1 5,600

Dump Truek 3 3 2 3,500

Buildozer 1 7,000

Truck Crane 2 1 7,000

Factory Car 3 2 1 1,500

Welder 3 3,000

Asphalt Finisher 1 6,000

Road Roller 1 4,000

Total 13 7 5

Work Efficiencies (m/day)
VIPA MPB/PE
Existing area New development area

Piping Cost 50 50 80
Reinstatement Cost 120 150 -

Note: No reinstatement cost was assumed for new development areass.
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The following material cost was added to the basie construetion cost.

Cost of Materials Other than Pipes (M$/m)

MPA MPB PE
Paving Materials 40.4 25.3 20.2
Miscellaneous Materials* 10.0 7.5 5.0

*¥Sheet piles and sandbags, ete.

10% of the total of the above cost was added as sundry expenses.

c. Speciality Work Cost (US$/m)

MPA MPB PE
River crossing and Other Special Work 15.47 1.51 1.51
Cathodie Protection 0.68 0.68 -

Note: 1) River crossing cost was estimated as US$2,260 (8") and
US$3,770 (12") per location.

2) Cathodic protection is estimated based on magnesium anode
installation at 200 m intervals.

{2) Others
a. LPG Storage and Supply (For reticulation system)
The permanent facility was based on two (2) 10 ton storage tanks and

the temporary facility was based on a concentrated cylinder system,

b. Service Pipes
Piping work cost was included in the distribution pipeline and only the
materials cost and reinstatement cost were appropriated. Further, no

reinstatement work was assumed for new development areas.



¢. Gas Meters, Regulators and Internal Piping Cost and Conversion Cost of
Existing Customers

Estimations were made by establishing standard models for households,
restaurants, hotels and factories separately.

V-6



Chapter 2 APPLICATION OF UNIT CONS’I‘RUCTIOIN COST TG CONCEPTIONAL DESIGN

2.1 Transmission System

(1)

(2)

(3)

(4)

Regulator station

The unit price of 1.1 (3) was sapplied to the three designed regulator
stations. In doing so, the average diameter of the transmission pipeline in

each case of forecast was as follows:

Case of forecast Industry High Maximum All other cases
{Additional) (Additional)
Average diameter 2n ‘ ig" 8"

Main transmission pipeline

Yearly construction cost of transmission pipelines was ecalculated by
multiplying the transmission pipeline construction length of each year of each
diameter by the unit price of the corresponding diameter pipe as shown in
1.1 (1). _ ‘

The costs to install valves at branch points, which amounted to 48 for Route
1 and 49 for Route 2, were also calculated and added to the pipeline cost.
The unit cost was picked up from 1.1 (3) based on the same average
diameter of pipeline mentioned in the above.

Auxiliary fransmission pipeline

The unit price for 6", shown in 1.1 (2), was applied to the design linear
length of 50 km.

Distriet regulator

The unit prices of the distriet regulator and the valve on upstream of
regulator as deseribed in 1.1 (3) were applied to the 100 designed
regulators, The land area required for each regula tor was assumed fo be

4mx6 m,



2.2 Distribution pipelines

The construetion cost of the distribution pipelines necessary to meet the city gas
demand was established for each type of demand as shown in the table below.

These were caleulated on the basis of the following investigation results.

(1) The actual design of the distribution pipelines for model design areas shown
in Table ill.4.

(2) The construction unit prices of the distribution pipelines deseribed

hereinbefore in 1.1 {2).

(3) The demand distribution pattern in ‘each zone as clarified by the field

survey .

The construction cost depends upon type of demand and areal division and also
depends upon whether the demand had existed before or newly occurred after the

¢ity gas introduetion.

g;’: of eity Type of zone Existing demand New demand Unit
Household High density 385.7 - US$ funit
Medium density 233.3 91.7
Low density 175.0
Restaurant Commercial 36.0 22.3 US$/seat
Non-commereial ] 0 o
Hotel —_— 3.90 2.57 US$/Room
Factory o 15.16 12.11 US$/103 Nm3/year
Building o R 9.
cooling ‘ 10.40 US$/m4-~floor area
CNG — 0 0 —

Note: The type of zohes are shown in Table V.1.



2.3 Customer Related Faeility

The construetion costs of the customer related facility necessary to secure city
gas demand were caleulated for each type of demand based on the construction
unit prices deseribed in 1.1 (5), (6) and (7) above as shown in the table in
the next page. The customer related faeility includes the followings:

a. Service pipe instaliation ecost

b, Gas meter and house repulator
¢. Internal pipe installation cost
d. Appliances adjustment cost
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2.4 Faeilities for Reticulation System

(1) LPG storage and supply facilities

The following construction costs were caleulated on the basis of the unit
prices described in 1.1 (4):
US$/Unit of Housing

Permanent reticulation system Temporary reticulation system

23.9 12.5

(2) Other faeilities
Of the distribution pipeline econstruction cost and the customer related

facility construction cost for eity gas distribution system, those construction
costs that relate to new demands were used without modification.
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Chapter 3 RESULT OF CONSTRUCTION COST CALCULATION
The calculated construction costs will be shown in the tables listed below.,

Total eonstruction cost for Base, Medium and Low Cases
Table V.2

Construction cost by year for Base, Medium and Low Cases
Table V.3 - V.86

Construection cost for additional demands Table V.7 and V.8
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Table V.2 TOTAL CONSTRUCTION COST WITHOUT CONTINGENCY, 19390 - 2605

- US$ 1,000 ~
Base Case Medium Case Low Case
City Gas System

1. *Transmission System 31,308 (31,315)%* 31,111 30,885

9. Distribution System 148,339 (146,585) 155,225 154,622

3. Service Pipe 8,441  (8,382) 9,286 9,237
4, Gas meter 43,716 (43,006) 42,410 41,331

5. Internal Piping 69,347 (68,067) 67,966 67;640

(Installation Piping)

6. Appliance Conversion 4,582 (4,679) 5,234 5,196

7. Subtotal | 305,733 (302,032) 311,232 308,911
Reticulation System

8. Storage Facility 750 (929) 855 855
(Production Facility}

9, Distribution System 4,448  (5,782) 5,157 5,132
10. Customer Related Facilities 5,741 (7,604) 8,813 6,803
11. Subtotal 10,937 (14,285) 12,826 12,798

Integrated Gas .
Distribution System
12. Total 316,670 (316,326) 324,058 321,702

Note * The same numbers are used in Table V.2 through V.4 for indicating
column elements
#* Figures in parentheses are for Base Case/Route 2
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Table V.7 CONSTRUCTION COST FOR ADDITIONAL DEMANDS 1990 - 2005 TOTAL

- US$ 1,000 -
Qil Replacement Building Auto- Maximum
in Industry Cooling mobile Case
High Low High Low CNG I+HI+V
Case Case Case Case
1 I I v v Vi
Transmission 7,303 4,244 3,048 1,268 3,701 13,239
System
Distribution 6,706 3,354 47,708 20,949 - 54,414
System
Serviee Pipe 22 13 - - - 22
Gas Meter 4,385 2,192 - - = 4,385
Internal Piping 593 296 - - - 593
(Installation Piping)
Appliance Conversion 4,106 2,052 - - - 4,106
Total 23,115 12,151 50,756 22,247 3,701 76,759
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PART VI FINANCIAT, ANALYSIS AND ECONOMIC EVALUATION

Chapter 1 FINANCIAL ANALYSIS

1.1

Outline of the Project Scheme

1.1.1 Nature of the Incorporation

1.1

.2

For purpose of the study, the enterprise being established as a business
entity with major commerecial sctivities of "supply and sale of fuel gas

through pipelines" ("the Company"), is tentatively outlined as follows:

{1) The Company is to be granted an exclusive right to supply city gas
thrbugh pipeline to the consumers existing within the Klang Valley
Area ("franchise"). Provided, however, that, facilitating the
financial evaluation of this investment project, ail of LPG central
supply systems {(i.e. "LPG reticulations") whieh are existing and
being constructed before start of construction are to be excluded
from the project scheme. Although they are most probably

integrated into the consolidated gas supply system in the future,

(2) The Company is newly organized and registered as a not subscribed
private company under the Company Law of Malaysia (i.e. Sendirian
Berhad) of which shared capital is fully owned by PETRONAS SDN.
BHD. andfor its subsidiaries as bsse.,  The possibility of other

organization will be discussed separately.

Management and Organization

For the base case, due to the nature of the Company, managerial
systems and relevant organizational structure is designed in accordance
with the PETRONAS' current practice in principle. Newly established

organizational structure is shown in Figures VI.1 and VL.Z.



1.1.3

A schedule of manpower is shown in Tables VI.1 and VI.2.

Number of GRADE 1y & V staffs employed for this project is estimated
by the formula as shown in Tables V1.3 and VI.4 on the assumption that
the business operation is undertaken in an effective and rational manner.

Project Alternative

The study team has compared the alternative construction schedules of

trans-pipeline in the area of ¥.T of K.L.

One is circular case in which pipeline will be instalied from the outside
of F.T of K.L, however, another is center ease in which pipeline will be

installed from the center of F.T of K.L.

The results calculated for both cases are almost seme as mentioned

below, therefore, circular ease is taken for the study.

IRR (%)

Before Tax After Tax

Circular Case 11.19 9.11
Center Case 11.67 9.04

To meet the different economic growth rate, the following three (3}

cases are studied.

(%)
to 1990 1991 onwards

Bage case 5 5
Medium case 3 5
Low case 1 3




1.1.4

1.1.5

And the demand and construetion cost for the additional demand

undermentioned are estimated for base case.

- Replacement of diesel and fuel oil in manufacturing industry (High and

low cases)

- Adoption of gas cooling system to the building which will be built

newly after installation of city gas system (High and low cases)
-~ To supply city gas to CNG

Project Invesiment Segments

For convenience of the study, the project scheme whieh consists of
various investment segments for the period from the start of construction
through 2005 is divided into undermentioned projeet packages.

Base case Medium & Low case

Phase 1 1990 - 1995 1893 - 1998
Phase 1l 1996 - 2000 1999 - 2005
Phase HI 2601 - 2005

Projeet Implementation Schedule

Project implementation schedule timely determined principally in
accordance v;:ith the growing gas demand in each zone. In other words,
when forecast gas demand of certain zone would reach at certain dense-
level, such zone will be taken to imple.ment. Provided, however, that
the final investment schedule should be completed at the end of 2005,
other potential zones of which demand would not reaeh at qualified level
at the end of 2005 is not be considered for financial analysis.
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