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b}

Propylene Plant

— General -

The capacity of .the propylene plant is set as follows:

Case 1 &4 _ Propylene _ © 53,000 .T./Y
Case 2& 5 Propylene 75,000 T/Y
Case 3 & 6 _ Propylene , 106,000 T/Y

. When ethylene is produced.from ‘ethane, only minute amounts of pmpylene are

produced and tliey are-not suffrment for commerclal scale undcrtakmgs If
propylene only ‘is to be produced an eifectrve method - is to dehydrogenate
propane. In this study .used of a process for dehydrogenation of propane is
assumed as the method of producrng propylene.

— Process Descnpt1on of the Propylene Plant

Raw matenal - Propane
Products R Propylene

The fresh feed _propane is miixed with unconverted recycle and hydrogen-rrch
recycle gas. The . comblned feed -is then he'tted to reactron temperature and
converted 111 a serres of stacked reactors . :

" The reactron is endothermrc and, .therefore, actrvlty is mamtamed by supplymg

the heat ‘of reaction through 1nterheaters ‘The “catalytic’ system employs con-
tinuous- catalyst regeneratron technology, whereby the bed of catalyst, slowly
flowing concurrently wrth the reactant is removed from the reactors. and re-
generated ina separate sectron to be returned to the top reactor rn the stack.

Since the catalyst regenerahon seetron is completely: 1solated ancl independent
from. the reactor sectron ‘a contmuous long term operatron can be achleved vvlth-
out any 1nterruptron from the regeneratron sectron and the catalyst can be main-
tarned at a hrgh 1eveI of actrvrty and selectmty throughout the operahon

The efﬂuent from the last 1eactor exchanges heat agalnst the combmed feed ‘
and then by a’ series of exchange and compresmon is sent to the separator after
coolrng The hydrogen-nch gas from the separator is sent to a turbo expander

: where energy is recovered and the gas is further cooled down After bemg utrhzed

section whlle thc remrnder is removed frorn the unlt as off gas

' Hydrogen puuty in tho off gas stream is about 85 mol %, the balance cornisisting .'
'only of methane and other light hydrocarbons This hydrogen may be exported

for use m other units without any further treatment or may be consumed as '

_fuel

" The quuid from the separator is then pumped to a deethanizer where 'comp_Onents

lighter - than C; are removed overhead and the bottoms sent to a propane/
propy]enesphtter where product propylene is recovered overhead and the un-
converted propane in the bottoms recycled back to the reactor section.’

3
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c)

Linear Low Density Polyethylene Plant

— General

The capacity of the linear: low density polyethylene plant (LLDPE) is set as

~follows.
Case 1 & 4 LLDPE 78,000 T/Y
Case 2& 5 LLDPE 111,000 T/Y
Case 3&6 - LLDPE 156,000 T/Y

Because the production of 'LLDPE_ does not require a high temperature or a high
pressure it ‘is requires less energy- than the process for making LDPE, and this
technology is evaluated as worthy of use given the high cost of energy in the
world today.:

— Process Description of the Lmear Low Density Polyethylene Plant

Raw matenals_ o Ethylenc Butene 1
Product - :  Linear Low Density Polyethyelene (LLDPE)
Basm Chemistry : nCyHy ----- ' (Cz H.; )n

LLDPE is produced through gas ph.ise solutlon or slurry state polymenzanon at
low or medium pressure, The. résins manufactured by these processes have a
linear molecular structure similar to that of HDPE (therefore calted linear LDPE)

" but with some relatively short chain branchmg of comonomers such as butene-1,

hexene-l or octene i.

Here, the gas phase polymerization method was adopted. Ethylene, butene-1
and catalyst are fed to a fluidized ‘bed reactor where poiyethylene granules are

- formed and withdrawn through special Valves

The chromium-based catalyst is: processed and activated in the catalyst prepara-
tion section beéfore being fed to’ the reactor. To keep the growing polymer

particles fluidized and to remove the heat of reaction, the reactor gas is recycled

to the reactor through a gas cooler and recycle gas biower

| The withdrawn polymer is accompanied by a smaH portion of the reactor gas, of

which the major part is returned to the recycle gas loop with the remainder being
purged. The polymer is fed to a pelletizer after addition of an antioxidant and
other additives. The finished pellets are homogenized in blending bins and bagged
as product LLDPE.

The polymeuzahon system is operated under a pressure of about 20 Kgfem2 G
and therefore considered to be a safer. Consequently there is practically no safety
or environmental problem.
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d)

High Density Polycthylene Plant

— General

The capacity of the high density polycthylene (HDPE) plant is set as follows..

Casel &4 ~ HDPE 53,000 T/Y
Case 2 & 5 ' HDPE 77,000 /Y
Case 3& 6 ~ TDPE 106,000 T/Y

Recently it _has become possible to greatly reduce energy consumption in high
density polysthylene plants, through use of superactive catalyst technology.
Further, because special materials ‘and equipment are not needed, the cost of
constructing a plant is relatively low. For thlS study it is assumed that the super-
active catalyst will be used.

— Process Des_cription of the High Density Polyethylene Production

Raw materials : Fthylene
Product :  "High Den31ty Polyethylene

Ethylene, a small quantity of hydrogen catalysts and comonoimer (1f used) are
fed to the polymerization system where polymenzahon is carned out in slurry
phase in a saturated llydrocarbon d1luent

Use of superactive catalyst ehmmates the catalyst removal stage. The density,
melt flow rate and molecular welght distribution are easily cormolled over a
broad range by changmg the operatmg conditions.

The heat of polymerlzatlon is removed by ordinary coohng water No deposit of
polymers occurs on the internal wall of the polymerization reactor.

Shurry containing the p‘olymer a_nd solvent is fed to a centrifuge where it is sepa-
rated into a wet cake Qf polymer and solvent. The wet cake of polymer is for-
warded to a dryer where it is dried completely into powder.

The greater part. of the solvent separated in the centrifuge is recycled as it is into
the polymerization system and the rest, or smaller part of it is forwarded to the
solvent recovery section for low molecular we1ght polymer removal. The dried
powder is mixed with stabilizers, the mixture is then pelletized by an extruder.
The pellets are transferred to silos and automatically packed in paper bags.

— Waster_ and efﬂuen_t

No harmful material is used in the process, so an ordinary environmental protec-
tion system for waste effluent treatment is enough.
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&)

Vinyl Chioride Monomer Plant

— General
The capacity of the vinyl chloride monomer (VCM) piant is set as follows.

Case 1 &4 VCM - 68,000 T/Y
Case 2&5 VCM . 97,000 T/Y
‘Case3&6 VCM 136,000 T/Y

Several alternate methods of VCM productibnéxist', including ethylene chlorina-
tion, ethylene oxychlorination and ethylene dichloride pyrolysis. For this study
it is assumed that a combination of the most commonly used oxychlorination
process and EDC pyrolysis process is used.

— Process Description of the Vinyl Chloride Monomer Plant

Raw materials 1 Ethylene, Ethylene dichloride; Oiygen
Product : Vinyl chloride monomer (VCM)
Basic Chemistry : Pyrolysisof EDC C,Has R, ----- 'C,H,CR + HCR

Oxychlorination  C, Hy #2HCR+4[/Oy -~ C,H,C Qz‘ +H,0

In recent years, some EDC has been made in regions where cheap éthylenc is
available and has been fransported from another region to make vinyl chloride. In
view of this, for this study it is assumed that EDC is imported for piocessmg to

make VCM.

The viny! chloride plant consists of an EDC pyro'iy"is unit and an oxychlorination
unit, The imported EDC is cracked to VCM by thermal dccomp031t10n The hot
effluent fromy the cracker is quenched, 11ydr0gen chlonde is removed to be re-
cycled to the oxychlonnatlon reactor and further, uncracked EDC is lecovered to
be recycled to the EDC purification section. '

The distillate_,of the EDC recovery tower is sent to the sﬁcceeding' refining section
to obtain VCM of product specifications. ,

Another stream of ethylene, oxygen énd_rec_yc]ed 'hydrogen chloride which is re-
covered through the cracking of EDC is fed to an oxychlorination reactor.

The ethylene is o'xych'lor_inat_ed to EDC on the fluidized catalyst (Ca-A 1)in the
reactor. The reaction mixtures from the reactor are quenched and scrlibbed
successwely in the quencher and the caustic scrubber. ‘The scrubber overhead is
added to the small chlorination reactors. The chlorinated product can be added to
the condensate. The condensate is dehydrated to obtain oxychlormated EDC.

This stream together with the Imported EDC and the recycle EDC recovered in the

EDC pyrolysis section are purified to meet the specifications of the EDC. In the

waste water ‘system, hydroch]orlc ac1d from the oxychlormatton section and the
EDC purlﬁcatlon section is ncutralized and then biologically treated. High boiling
organic compounds dlscharged from the EDC are incinerated and neutralized.’

VCM is highly flammable and toxic, Further,.it has been 1dent1fled as a cause of
liver. cancer. Therefore sufficient care should be required for ifs processmg and
handling. v
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f)

Polypropylene Plant

— General

The capacity of the polypropylene (PP) plant is set as follows.

Case V&4 TP 50,000 T/Y
Case 2 &S PP 71,000 T/Y
Case3&6 PP 100,000 T/Y

Similar to the process for making HDPE, the process for making polypropylene
now makes use of a uperactive catalyst, which eliminates the need for a process

- to remove the catalyst’ from the polymer and conserves energy. This study

assiimes that the superactive catalyst is used.

— Process Description of the Polypropylene Production

R_avr: Materials Propyienc
Product S Polypropylene

Propylene, catalysts and a smal] amount of hydrogen are fed into polymerrzatron
reactors contammg a hydrocarbon solvent.

Typlcal polymenzatlon conditions are temperatures in the range of 60 to 80°C

-and pressures of 5 to 15 atmospherés. Unreacted propylene monomer is ﬂashed

and recycled to the reactor wrthout any purlflcatlon

The slurry comprrsmg polymer and_ solvent is transferred to a centrifuge, where it '
is separated into wet cake of polymer and solvent. The wet cake of polymeris -
transferred to a drying system to be dried. :

The dry powder is mixed wrth addltrves and extruded 1nto pellets. Recovery of
the solvent separated in the centrifuge and removal of a small amount of atactic
polymers are carried out by simple distillation.

— Waste and effluent

Toxic materials such as methano! are not used in this process, so an ordinary
environmental protection system for waste effluent treatment is enough.
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(4) Overall Material Balance of the Project

a) Raw materials

An over-all material balance is calcttleted ih 'l_‘ab]e 4.3. The quantities ot feedstock,
ethane and propane required for this project as defined in the present study have
been derived from that table and are as shown below, in natural gas equivalents.

Case | &4~ Case2&5  Case3&6

Ethane (T/Y) ' 178,000 255,000 356,000
Propane (T/Y) © 63,000 : 89,000 126,000

Natural gas (MMSCFD) 250 : 360 500

The composition of the natural gas for each case would be as follows.

Case 1 & 4 Case2&4 - Case 3 &6

{MMSCFD) (MMSCFD) - {(MMSCFD). -
Natural gas ' 250 360 500
Methane | 200 290 400
Etane 19 27 38
Propane g : B 16
Butane ° ; 4. _ 6 8-
Others , .19 26 38

The plan would ‘Eca'llffdr proceséing of 500 MMSCFD of natur'al.gas'in/around 1990.

Therefore, it is possible to’ unplement any one of these six cases. Further the
consumptlon of the methane would be as follows.

'Paka LLN Electric Power Station 300 MMSCED

DRI (Steel Miil Plant) 20 — 40  MMSCEFD o
~ Others | 7- 10 MMSCFD, Total 330—350 MMSCFD

The temainder, 50 — 70 MMSCFD, could be fully utilized to meet:requirements of
the gas distribution plan which is now being prepared. All of the ethane would be
used as feedstock by the petrochemical industry. Some of the propane woulcl be
used as feedstock by the production of propylene -

The remamder WOuId be conveyed to the export termmal wh1ch is now being
construeted for exportatmn or be consumed as fuel elsewhiere in the country All
of the butane would be exported via the termmal Therefore, in any of the three
cases the consumption of the gas can be’ piedlcted and then would be no specml
problem regarding the gas balance: :
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b)

4.3.5

(h

(2

a)

Utilities

The utility balance is shown in Table 4.4, Steam consumption by the p'etroc;hemical
complex would be as follows; this is adequate in all cases to justify installation of a
steam boiler. :

Case 1 60 T/H
Case 2 80 T/H
Case 3 110 T/H

Cdoling water requirements would be as follows: .

Case 1 50 MM T/Y
Case 2 T0MM T/Y

Case 3 9S MM T/Y

The quantity of cooling water required is quite high, so it would be advisable to
install a cooling.tower to recycle the water. Processing water wounld be taken from
river and supplied by JKR Electric power is assumed to be supplied from the
prOJect by LLN

Project Schedute

General

As a primhary basis for the projection of the implementation schedule, if is assumed
that the ethylene will be made available to the Project by the beginning of 1990.
Therefore, 'eéch"pfoject plant should be ready to receive the ethylene by that time,
in-due cons1derat10n of the construction period of 27 months including a test Tun g
of the plants and de]lltles

In addition to the project construction schedule, the. project implemertation
schedule should also take into account the time required for the filing of apphcahons

and acqulsitlon of permlts

Impleméntation 'Schedtile

Evaluatlon of feamblhty study, and government approval

After selccnon of the ‘principal company(les) to partlmpate in the petrochemwal :
complex project, a joint _venture is to be established by them with either
PETRONAS or Terengganu State, The joint venture will be the entity responsible
for subsequent operations. Conducting a feasibility will be the first task of the new
company; on the basis of -the report taking the necessary, steps to obtain the re- -
quired approvals and permits from the Malaysia government would be the second
task, It is believed that these approvals would be compieted in 3 months.
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by

c)

d)

e)

Establishing the organization for project implementation

It will be necessary to form a project team, led by a project director. The work

of establishing the organization for project implementation would be started simul-

'taneously with the 1‘evie_w described in (1) above.

Financial arrangements

It will be necessary to prepare and submit requests for long-term project financing
to the financial institutions concerned, and to negotiate loan agreements with them
and undertake the tasks related to securing commitments,

Work from establishment of the design basis to contract award

Use of a turn-key, lump-sum contract is assumed. The milestones from establishment
of design basis to the contract award are as follows.

— 3Det_ailed examination of the design basis -

- Preparation of general terms and conditions fdr the contract

- Preparation of tender specifications

_ Establishment of bid evaluation criteria

-— Call for tenders o

— Evaluation of ten’dgrs and selection of the successful bidder

— Negotiation and award of contract

This period is expected to last 12 months, and because it represents a tight schedule,
it is necessary to consider retaining a consultant at the earliest possible time.

Work from contract signing to {inal acceptance

When a turn key contract is used all construction work is performed by, and at the
responsibility of, the prime contactor. For a large:scale project such as the ethylene
plant, a long time is required before the critical equipment can be erected, and
because of the great amount of work to be per formed there i isa limit to the progress

which can be made in one month.

_ Accordmg to the estimate that the study team belleves to be the most likely, from

contract award to mechanical completion 30 months will be required after which an
additional three months will be required for commissioning of the plant and per-
formance of tests. : -

- During these periods it will be necessary .for the owrer to supervise the work of the

prime contractor to prepare for.plant operation, set-up the required organizatibn
hire and' train personnel, prepare a financial plan and obtain loan commitments,
arrange for purchase of raw material and atility supply services, negotiate product
sales contracts and complete many other tasks. :

Aftcr the completlon of constructlon the pro;ect will enter the initial start-up
stage. :



4.3.6

4.4

Until plant acceptance, operation of the plant will be performed by the contractor’s
operation team.

It would be advantageous for the owner’s persorine! to obtain experience by par-
ticipating in the field work from the start of tests and fiushing prior to start-up.

Initial operation will also be performed by the contractor but it is desirable to have
the owner’s personnel join in the work.

A generalized 1mplementat10n schedule for a petrochemical plant is shown in Figure
4,11,

Project organization

The organization which will be requiljed'for operation and maintenance of the
ethylene plant, is as shown in Figure 4.12. The remaining plants {propylene plant,
LLDPE Plant, HDPE plant, VCM plant and PP plant,)‘ are-as shown in CHAPTER
13 in Technical Report 1. '

This organization is to be composed of administrative, production, maintenance and

. technical services divisions,

The number of workers at each plant would be as follows.

Ethylene Plant 129 workers
Propylene plant 72
LI.DPE piant 121
HDPE plant 121
VCM Plant . 108
PP Plant 121
- Utility plant 75
Total 746 workers

This figure do not include emp_loyecé at the head office. The actual requirements
need to be confirmed at the time of test operation and hiring should be done on
that basis.

"ENVIRONMENTAL PROTECTION

It is aimed in this study that the petrochemical complex being planned at Tereng-
ganu district shall utilize the latest technology available and shall form by itself a
totally enclosed system to achieve conservation of resources and energy, and

. environmental profection.

This petrochemical complex will, therefore, basically be pollution free, e]iﬁ)inating
the hazardous substances within its process plants and preventing their dlscilarge to
the environment.
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(1)

(2)

(3}

a)

b)

(4)

In this study, the plants are planned and designed based upon the Japanese regula-
tions for environment protection which are regarded as the most severe in the
world. Envirnmental standards of Malaysia are also applicable to this study with
a few exceptions which are considered inadequate from the technical as well as
economical viewpoints.

In the planning of environment protection measures the following steps are
adopted,

Confirmation of sources of pollutants

Establishment of standards for poliutidn prevention and control

To prevent any pollution caused by the operation of the complex, standards are to
be established for waste gas and cffluent. The standards so established are based on
applicable laws and regulations in Fapan, standards in Malaysia, and the applicabi-
lity of pollution prevention and control technology. '

Design of pollution prevention facilities

Weaste treatment and disposal methods and facilities necessary to achieve the envi-
roument protection targets (for waste gas and effluent emission) are designed in
accordance with the standards as established above. For this design, the optimum
combination of two methods was considered to be adopted; those two mehods
are: :

Control over generation of waste, by improvement of processes (including change of -
the design of equipment).

Containment, whereby to the greatest extent contained at their sources.

Others

2

More detail information will be shown in CHAPTER 13 in Technical Report I1.
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5

5.1

5.1.1

(1

(3)

(4)

a) -

CHAPTER 5 CAPITAL REQUIREMENTS AND FINANCIAL PLAN

CAPITAL REQUIREMENTS

!ntrofiuction

On -the basis of the technical requirements, -the conceptual design of thé facilities
and the implementation plan for this Project which are given in CHAPTER 4,

the total capital requirement for the Project was estimated, and is shown in Tables
5.2,5.3.

Because the source of financing for the Project has not yet been determined, some
of the basic conditions for estimation of capital requirements are as vet unknown.
Nevertheless, the following conditions have been assumed as the bases for the
estimation, on the basis of past conditions in Malaysia and other relevant matters:

Type of Contract

A turn-key, lump-sam contract, with a sole responsib_ility on the contractor.

Basis for Prices

By apphcatlon of suitable escalation rates to August 1984 base pnces up to the
time of expenditure for each ifem. :

Exchange Rates Uséd for Cost Estimation

The local currency portlon is calculated in Malaysm doltars, and converted to U.S.
dollars at the rate of US$1 = M$2.28.

The foreign exchange portion is calcutated in U.S. Dollars ‘and-Japanése yen. The
yen portion is converted to dollars at the rate of US$1 = ¥230.

Price Escalations Factors

Lscalat:on of general forelgn currency costs

The foreign currency costs are assumed. to be esca]ated in accmdance with an
average escalation consumers goods in the major industrialized countries though
the price level of international market is usuaily kept Iower than the consuiners
goods” price level which is dominated by domestic prices. _Hlstorlcal trend and
assumed rates of escalation rates in the major countries are as shown in Table 5.1.



Tabie 5.1 Price Escalation in Major industrialized Gountries

{Unit: %)

3) 7 Industrialized 4) Export Price

Husa 2) JAPAN Countries Average
1978 1.7 3.8 6.9 5.7
1979 11.3 3.6 9.2 - 1109
1980 13.5 8.0 12.1 11.9
1981 104 4.9 9.8 ' 6.3
1982 6.2 2.6 6.9 3.3
1983 3.0 2.0 5.0 _ 3.0

Note: 1}2) Consumers goods price

3) Average. of USA, Germany FR, Japan, Italy, UK, Canada, France
Consumer goods price
4) Average of all industrialized countries

Source : IMF
Base Currency : US Dollar

Projected Escalation Rate
{Foreign Currency Portion)

Year Escalation Rate (%)
1984 3.0
1985 4.0
1986 50
1987 ' . - 6.0
1988 and onward 6.0

Escalation of genéral local currency costs

" Local ‘inflation, . in principle, should -follow international inflation trends, if local
prices are assessed in terms of U.S. Dollars because such difference between local
inflation and international infiation wdiﬂd be adjusted by devaluation or revaluation
of foreign exchange rate when such unbalance is caused.

Nevertheless, in thé country where local escalation of goods is generally higher than
‘that of international level and \_vhere devaluation of local currency is neither en-
forced frequently nor timely because of fixed rate system, project budget for local
curréncy portion which is estimated in terms of U.S. Dollar and escalated in accord-
ance with the international inflation rate often cause budgetary deficit because of
time lags in adjustment for equilibrium of currency value.



In such a case, therefore, an adequate adjustment or supplement in applicable escala-
tion rate or in physical contingency may be required depending upon the foreign
exchange control system in such country,

The past price escalation in Malaysia has been kept lower among the Asian countries,
and its average escalation rate {consumer price} through past five ycars was 5.7%
per annum in US Dollar term.

Taking into account the above considerations, price escalation rates applicable to
general local currency cost items are assumed as follows.

Year Escalation Rate (%)

1984 3.0
1985 4.0
1986 5.0

1987 and onward 6.0

(5) Import Duty

Assumed to be exempted.

5.1.2  Project Capital Requirements
The breékdown of the projected total requirements is shown in Tables 5.2 and 5.3.
Breakdown data are shown in CHAPTER' 13, Technical Papers.

In prices August 1984, the total capital requirement is as follows:

(Unit: US$ Million)

Foreign - Local

Currency Currency Total
Portion Portion
Site-1' Kerteh _
Case-1 335.6 194.9 530.4
Case-2 4327 239.6 672.3
Case-3 _ ' 5454 300.1 845.4
Site-2 Telok Kalong . . o
Case-4 335.6 195.7 531.2
Case-5 432.7 240.4 673.1

Case-6 S ' 545.4 300.8 846.2

5.1.3 Method of Estimation for Each {tem

The basic thinking concerning the method of estimation to be used for each cost
item is given below, ’
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(1} Land Acquisition Cost

Land for the plant site will be p'e'u't of the Kerteh or Telok Kalong Industrial Estates.
The present condition of these Industrial Estates is as follows.

Kerteh ¢ Ready for site preparation
Telok Kalong :  Not ready for site preparation

The present cost of land per square metre in these Industrial Estates is as follows.

(US$ Million)
Required Site Site Total
area acquired preparation land
{m?) cost cost cost
Kertsh 1,725,000 131 - 131
Telok Kalong 1,725,000 6.6 73 13.9

(2)

b)

c)

d)

Processing Plant Costs ) _

The direct and indirect cost for constfuction of the ethylene, propylene, LLDPE,
HDPE, VCM and PP Processing plants are as described below.

Cost of equipmént for industrial facilities and for materials

Industrial facilities includes all required machinery, equipment and materials, and all
sparc parts and reserve materials which must be on hand at the time of starf-up.
These are calculated in F.G.B. prices.

Civil construction costs

This category includes the cost of geological studies, grading, etc., the materials for
and the erection.cost of the buildings and structures and any indirect costs.
Installation costs

Included_iﬁ this category is the cost of installing imported equipment, piping, wiring,
instrumentation, thermal and cooling insulation, painting and any required materials.

The cost of temporary conétruction, facilities for the temporaty supply of utilities,
construction equipment, construction site office costs, etc. are included as indirect
costs. .

Engineering fees and other sorftware costs

This category includes the software costs connected with the facilities, such as engi-
neering fees, preparétion ‘of the basic and detailed designs. Also included in the cost
of services related to the purchase of equipment and materials, such as inspections,
preparation of documents etc.



e)

(3

(4)

(5)

(6)

Transportation and insurance costs

cean {reight, unloading, intand transportation, and customs duty when applicable
are included in this category. It is assumed that the materials, cquipment, ete. will be
landed at Tanjong Berhara and transported overland to the site. Insurance includes
coverage during ocean shipping and protection for related construction work.

Construction management fees

Included in ‘this category is the cost of dispatching inspectors and other personnel to
the coniractor and the makers of major qupment including their travel per diem
expenses and other costs.

Utitities Plant Costs

This item consists of the direct and indirect cost of the constructihg reguired utili-
ties. Details are the same as for the processing plants. (See (2) above.)

Offsite Facilities Costs -

Incliided as offsite facilities costs dre: a repair shop, spare parts storehouse, labora-
tories, for analysis of materials and products admiinistrative office buildings, health
and welfare facilities, as well as roads for the plant site, water mains and hydrants
for fire fighting, gates, fences, etc.

Pre-operation Costs

This category includes the cost of the cmployees, including their training, up to the
start of the commercial. operation of the plants; consulting fees, cost of materials
and utilitics: consumed durmg test opcration transportation and communication
co‘sts Various fees and charges are also included in this item.

Enitiat Working Capital
Estil_nation of this item was based on the following conditions,which are stated

below.

Product Stoiage

(i) Capacity to store four days of ethylene propyiene production, with the
plants operatmg at full capamty

(ii) ‘Capacity to store fifteen days of LLDP.E, HDPE, VCM and PP production,
with the plants operating at full capacity

- Materials Storagé:

(i) Capdcrty to store five days of ‘ethane and plopane reqmrement w;th the plant
operatmg at full capacity

(ii} Capacity to store fifteen days of EDC and Butene consumption, w_rith the.
plants operating at full capacity

5-7



b2

N

— Accounts Payﬁble, Accounts Receivable:
45 days of sight bills for each product

In the above, only variable costs of preduction have been included in the accounts
payable.

Interest during Construction

70% of the total capital iequ_irements will be obtained by borrowing. The payment
schedule has been formulated according to funds planning angd is described in the
foltowing section. (5.2 Funds Planning).

Annual interest is taken to be 8%.

FUNDS PLANNING

As a result of discussions with SEPU, it has been decided to assume that 30% of
the total required capital will be obtained as owner’s equity. The remaining 70%
and the i_nitial working capital will be obtained by long-term borrowing. Interest
during construction is inc']ude'd in the total capital requirement but excluded from
calculation of the internal rate of return.

The source of the loans has not yet been determined, but for the purposes of this
study the general practice of international financial organizations has been taken
into consideration. In accordance with that the terms and conditions are to be:
repayment in 10 equal annual installments after a three-year period of grace, with
interest at an average 8% per annum.

The schedule for receipt of the loans.is assumed to be as follows:

1988 30%

1989 45%
1990 25%

In the event that a shortage of capital occurs during operation of the plants, it
is assumed that short-term loans from domestic financial institutions will be
obtained and that the annual interest rate for such loans will be 13%.

‘A simplified rei)aYment schedule is included among the financial statements

which are given as CHAPTER 13 in Technical Papers.
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6

6.1

6.1.1

6.1.2

CHAPTER 6 OPERATING PLAN

PRODUCTION SCHEDULE

Production Capacity of Final Preduct

It is assumed_ that the production capacity of the project, in accordanee with severe |
competition in the world petrochemical market, will be as follows,

(Unit: T/Y)

Case-1 Case-2 Case-3
& & &

LCase-d4 Case-5 . Case6
Ethylene 142,000 204,000 285,000
LLDPE _ : 78,000 111,000.° - 156,000
HDPE 53,000 77,000 106,000
VCM - 68,000 97,000 136,000
Propylene 53,000 75,000 106,000

PP o _ 50,000 71,000 100,000

The ethylene produced in the ethylene plant will be supplied to the LLDPE plant,
HDPE piant and VCM plant. The propylene produced in propylene plant will be
supplied to the PP plant.

The productlon and sales plan was developed on the basm of the demand for major
petrochemical products, wh1ch are given in CHAPTER 2. On this basis it has been
determined that sales will be as follows.

The stock quantity of ethylene and propylene is assumed to be 4 day’s output, at
100% utilization of capacity.

The stock quantity of LLDPE, HDPE, VCM and PP is assumed to be 15 day’s out-

put, at 100% utilization of capacity.

These stocks are to be produced durmg the first year of OPel'dthﬂ in add1t10n fo the

- sales volume for that year.

Sales Prices of Final Products {LLDPE, HDPE, VCM, PP}

The anticipated saies priceé of p'roducts, w_hich wes used as a basis for the financial
projection and analysis, are as follows

The petrochemlcal products wﬂl be sold pflmanly on the Malaysxan domestic
market. Any surpius will be exported abroad

61
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(1)

(2)

6.2

6.2.1

(1)

At presont, Malaysia is a market for the surplus petrochemical products of the petro-
chemical producing countries such as North America, Furope, Japan, Singapore and
so on. These surplus products are sold very cheaply. on the Mal'tyslan market,

Moreovei these petrochemical products are almost duty-free. Therefore the sales
price of the final products set for the project should be close to the prevailing world
price of the products. .

The assumptions used in forecasting petrochemical products prices are as follows,

Crudc oil prlce forecast

At prcsent crude oil in_ the world market is priced betwcen US$28 Ofbarret and
US$28.5/barrel. Most specialists concerned with crude oil forecast that the crude oil -
price in the future will be between US$25.0/barrel and US$26.0/barrel, as the
relation between supply and demand will become unbalanced.

These conditions will remain untﬂ about 1987, after Whieh crude oil prices will
begin to rise,
Wholesale price indexes are rising ata rate of about 3% or 4% per annum.

This trend will continue until the end of 1986, after which wholesale price indexes
will show an wpward tendency.

This was considered, as mentioned”above, the ‘consultant forecasts that petro-

chemical products will maintain their existing prices until 1986, and will rise in
price from 1987 at a growth rate of about 6% per annum.

The projected world prices, as well as ex-factory prices, of the final products are
shown in Table 6.3.

PRODUCTION COSTS
Raw _Material Costs

The price of the ethane

. The price of ethane that w1ﬂ be supplied from the Petronas gas processing plant has

not yet been determined. For the financial analysis the ethane price of US$3.00/
MMBTU was used. Therefore, the ethane supply price for this project is set at
US$147.6/T.

Study team were adjusted of this price by the Petronas planning section.
For the economic analysis the ethane price is as follows.

R is concewable that the pnce may be set as a fuel equivalent price, at which ethane
could not be effectwely used as feedstock for ethylene production.
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(2)

6.2.2
(1)

(2)

The lowest fuel equivalent price which can be used for ethane is US$4.21/MMBTU,
as the price equivalent in terms of calories to the US$25.92/bbl price of heavy oil.
For ethane, it is estumtcd that this would:mean a pnce of US$270/1.

Based on estimated future cmdc oil price, ethané’s price will be constant until
1986. Then ethane will rise in price at a growth rate of 6% per annual from 1987.

The price of the propane

- The price at which the propane will be supplied from the Petronas gas processing

plant has not yet been determined.

The propane' is in the form of LPG. The'refore,'for the financial _analjsis study team

considered the world market price of LPG . For this reason, the propane price of
US$5.00/MMBTU is used., Therefore, the propane supply price for this project is

‘set as US$239/T.

Based on estimated future crude oil prices, propane will maintain its price until

1986 then will rise in price at a growth rate of 6% per annual from 1987,

Calculation is based on the LLN standard.

Utilities Supply Prices

“Blectric Power

The Project plans't'o_ use electric power supplied by LLN. LLN will be responsible
for the supply of electric power up to the plant’s fence.

The cost of électric power cohsu:ﬁed in the complex is calculated to be US$0.078/
kwh at the complex gate as of 1985. '

_ The calculation is based on the LLN standard.

i) for évery kw maximum requirement per month $12.00 — $12.00
ii) for first 2 million units per month . — 17 cts
iii) for each additional unit per month — 16 cts
Water

The "finan:cial projections are based on an assumption that the processing water re-
quiremcnt for th'erproj'ect will be met by potable water supplied by the JKR '

The cost of the processmg water consumed at the complex is calculated as US$0 88
per ton at the plant gate as of 1985.

However, the cooling water for the projet:t ‘will be used in the plant, and then
treated by coohng facilities and returned for reuse in the piant

The cost of the cooling water consumed al the Complex is cah,ulate(l as U§30.02
per ton.
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(3

(4)

6.2.3

(1

(2)

3)

All products from the complex will be exempted from surtax.

4)

5)

Fuel Gas Price

The project plans to vse fuel gas supplicd by Petronas: The financial projections vsed
a fuel gas price of US$3.0/MMBTU.

Steam Price

The project plans to use steam supplied by a boiler plant.

Therefore thé cost of steam is included iﬁ the cost of the fuel gas.

Taxation

The project will be given-thé maximum tax incentives which may be allowed under
Malaysian tax laws and regulations,

Furthermote, 1t will benefll under the tax incentives pfov:ded toa ploneel-status
prolect under Malaysmn 111vestment law.

The -followmg tax was assumed for the financial projections, taking any tax incen-
tives into account.

Corporate Tax
Corporate tax will be imposed at a rate of 50% of taxable income.

The project, however, will be provided with tax holidays for an aggregate period of
10 years {rom the year when commeicial operation starts.

Sales Tax .

The project will be exempted from Malaysian sales tax.

Surtax

hnport Duties

By request to the miniétriés co:ip_erﬁed any spare pzirts importcd _subséqﬁéﬁtly_ to
those initially imported as a package along with the ‘machinery and equipment will

be exempted from nnport dutles

F01 the fmancxal pro;ectlons it was assumed that such subsequently imported spate
parts will be exempted from import duties. -

The catalysts and chemicals 1mp01ted for the operatmn of the iject wﬂl be ex-
empted f; om 1mport dutles '
Ir_litia] and Annual Capitél Allowance

The Malaysian tax law aliows for no deprgciation’_nor anio_rtiz:ition but it does allow
initial and annual capital allowances .to be deducted from gross earnings for the
computation of taxable income. These allowances are as follows.

6-7 .



6.24

(1)

(2)

6.2.56

6.2.6

— Initial Capital Allowance

20% of the total capital value(except working capltal) is deductible in the years
1mmedntely subsequent to the expzration of the tax holiday period.

— Annual C:lplt‘ll Allowance -

7.5% of the total cap:tal value (except workmg capital) is. deductlble in the
years: umnedlately subsequent to the expiration of the tax h()]ld’ly period. In
subsequent years the same rate is applied, but against the balance of the capital
value after the deduction of allowance applied in the preceeding year,

Labour and Overhead Costs

Personnel Requirement and their Cost

The number of personnel reqixire_:d for the operation, quality control, product handl-
ing, maintenance, technical coordination, administration and the safety coordination
of each plant was studied and estimated by the Consultant usiiig the data given
herein.

The number of directly emponéd personnel shown in the table of production cost
corresponds to the sum of the first four categories, while the number of mdn‘ectly
employed personnel is the total of the remaining three groups.

Personnel . cost,. using payroll data from PETRONAS was calealated as the average
per workers, as follows.

Operatlonal personnel average : US$16,000/Year
Management personnel average : : US$20,000/Year

Plant Ovérhead Costs

Plant overhead costs .was taken to be the equivalent of 80% of direct personnel cost.

Cost of Maintenance Materials

The annual cost of maintenance materials was calculated as 1.5% of the total fixed

' capltal cost. This mcludes the cost of repairing ‘materials and spare parts required for

operatmn of the piocessmg plant and off-site facilities but does not include the cost
of maintenance personnel, smce it is already included as pa1t of the direct personnel
cost ‘

Insurance and Miscellaneous Cost

The cost of insurance and fixed assct tax was takcn tobe ] 0% of total fixed cap1tal _
cost.



6.2.7  Sales and General Admini'stratiye Costs

"Costs incurred in selling the products as well as general -administrative'co_sts, such as
head office administrative costs, are taken to be the equivalent of 0.5% of ex-factory
production costs.
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7.1

7.1.1

7.1.3

7.2

7.2.1

7.2.2 .

CHAPTER 7 FINANCIAL ANALYSES

MAJOR ASSUMPTIONS OF THE FINANCIAL ANALYSIS

The Economic Life Span of the Project

The economic lifé span of the project is assumed to be 15 years provided that no
substantial modification, renovation or additional investment is made on the initial
facilities.

Base Cost of the Financial Pro;ectlons

All fmanClal projection are made in a U S. Dollar current term basis. Such projec-
tions are made according to the relevant escalation rate from the base cost daie of
February 1, 1985.

Methodology of FinanciaE Anélysis

Financial analysis was done mainly by calwldtmg the flﬂdnClHl internal rates of
return (FIRR) by the discount cash-flow method,

Two kinds of financial internal mtes of return are calculated, namely: current term

FIRR, and real term (or Co_nstant) FIRR which is obtained from the current term
‘cash flow by adjusting it with a deflator. '

RESULTS OF THE FINANCIAL ANALYSIS

Financial Analysis

Based on the above assumptions, the financial analysis of the project was completed,
and the financial papers prepared. '

Project Evaluations

According to the results of the financial analysis, the profitability of the project, and
its financial position, are as follows.

The rate of return on investment in this project is evaluated in terms of the internal
rate of return. Case | will be examined first,

The internal rate of return as determined by the financial anaiyszs is 5 3% after -
tax (curr ent base). -



()

(2)

This is too low a rate of return for the project to be judged feasible.

Moreover, regarding profitability, according to the income statement, there would
be a loss in each of the first six years of operation. Profits would be recorded only
from seventh year and after. It would not be untit 2000, the sleventh year of op-
eration, that the cumulative loss would be eliminated. '

Financial position and debt repayment ability from the funds flow statement, and
other financial statement in CHAPTER 13 in Technical Papets.

There would be shortages of funds, except in the first year of operation, which
would require short-term borrowing..

The project does possess the capability to repay the initial loan, but these calcula-
tions do not indicate any dividend payments.

From the result noted above, it may be said that the anticipated return on invest-
ment in this project is very low, and from a financial viewpoint there is some dif-
ficulty in justifying such an investment.

This result cannot be rilmhged by selecting the Telok Kalong site.

Analysis of the sensitivity to changed by key factors

The influence, on the internal rate of return by a change from the assumed values of
key factors such as the taw materials supply price, the selling price of the final pro-
ducts (LLDPE, HDPE, VCM, PP), capital requirements cost and capacity utilization
is shown in Tables 7.1 and 7.2.

The -following {able shows the effect. on the internal rate of return of favourable

" changes in the key factors. These changes allow the project to approach feasibility.

IRR (after tax)

Current Constant

-- When the Raw Material Supply

Price is reduced by 20% 9.6 3.6

' _ When the Final Products Sales '

Price is increased by 20% 13.6 7.5
— When Capital Requirement Cost is reduced

by 20% : 1.1 -4 .4
-- When Capacity Utilization Rate is increased

by 20% _ 6.9 1.2
— Projeci.Life Span 20 years 7.4 1.6

Thus, if the final produ'cts sales prices are increased by 20%, the internal raie of

return for the project increases to at least 7.5% after tax in consian_t terims.

Of course, if these factors change .adversely, the profitability of the project would
suffer and its financial viability would fall.

72



(a)

(b)

The entire {inancial amlyéis of the project, as presented in this CHAPTER, is based
on the assumption that there w1ll be a surplus on the world petlochemlcal market
for the future.

Therefore, to make the project attractive to commercial investors, it would be
necessary to employ the following policy.

The price of petrochemical products on the domestic market must be kept high
by taising a tanff barriet.

The Malaysian govermnent guarantees to supply the natural gas at as concessional
price.
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8.1

(n

(2)

8.2

8.2.1

(H

CHAPTER 8 ECONOMIC EVALUATION

iNTRODUCTION

This part of the report evaluates the pmject in terms of its contribution to the
Malaysian economy.

The majol‘ contribution_s would be:

The production of olefines (ethylene, propylene} from paraffines (ethéne, propane),
and -the realization of downstream projects utilizing that ‘olefine would increase the
value added to the paraffine fraction of natural gas resources present in Malaysia.

By producing ethylene. derivajtiv_es (LLDPE, HDPE, VCM} and a propylene deriva-
tive (PP) in Malaysia,‘ a contribution would be made to the foreign exchange balance
of the country. (Attachment 1). There would also be a favourable impact on related
industries, for example mechanical, electrical, civil, engineering, transport and so on.

In the following chapters, the economic costs and benefits of this project are
analysed. The economic internal rate of return is then calculated. On that basis, the
project is evaluated by quantitative means from -the viewpoint of the national
economy. - - '

ECONOMIC EVALUATION OF THE PETRO(_:HEM;CAL' COMPLEX

Economic Benefits of thé Pétrochemical Complex

Both dircet and indirect economic beneflts would result from the realization of the
petrochemlcal complex

Direct Benefits

The direct benefits can be calculated as the economic value of theiet'hylene deriva-
tives (LLDPE, HDPE, VCM) and the propylene derwative (PP) produced by invest-
ment in this project.

As iS'discussed'in CHAPTER S, it is thought necessary that the projéct’s production
pljices be the same as import prices in order that the petrochemical products can be
supplied primarily to the Maiaysian)market and any surplus exported.

Because. there are import substitution effects if products aré, not produced as part
of this project, they wiil have to be imported to satisfy domestic demand, -



(2)

a)

b}

c)

8.2.2

Theretore, the economic price of the products'produced by this complex would be
the import price, namely, CIF in Malaysia. The value is the same in the financial
analysis,

On the other hand, for the exported products, the price would be FOB in Malaysia.
Again the value is the same in the financial analysis.

The FOB price is used because the products which are produced in excess of the

domestic market will be exported,

Indirect Benefit

The following are the indirect benefits to be gained from implementation of this
project.

Creation of Employment Opportunities

. Employment opportunities would be created during the construction of the plants

and facilities, and during their operation.

Impact on Related Industries

The olefine bla'st'ics produced in this complex'will be supplied to the plastics fabrica-
ing industry in Malaysia.

This will promote the plastics fabricating industry -mqre activity than the past
practice of importing plastic resins.

Moreover, the project would have extensive effects on related industries, such as; an
increase in demand for construction materials such as steel materials and cement;
and stimulation of the development of the engineering and construction industries;
and an increased _clema_hd for the various materials which will be used in the opera-
tion of the plant, and the packing and shipment of the product.

Contribution to the development of the regional economy

This project will contribute both directly and indirectly to the development of the
economy of Terengganu region, and to the diversification of Malaysian industry.

Although the project would provide various indirect bencfits to Malaysia, they are
difficult to quantity.

Therefore, in the calculation of the economic internal rate of return, these indirect
benefits are not included.

Economic Costs
The economic costé of the project are as follows.
(i) Tnitial costs (capital costs) essential for the realization of the project.

(ii) The ethane, propane and fuel gas fraction of the natural gas consumed by the
production of the ethylene and propylene derivatives.

§—2-



(1

(2)

3

(@)

(iii) Cost of labour resources consumed

(iv) Other costs required for production

There are explained in more detail" below.

Initial Project Cost

Initial costs incurred in the implementation of this project include the construction
cost for the complex, pre-operation expenses and initial working capital.’ The value
of these initial costs is equal o the Cﬂpltdl cost used for the computation of the
financial internal late of return.

Initial costs were calculated on the assumption that they are exempted from
taxation. Therefore, we adopt the position that the financial cost is equal to the
economic cost.

The Cost of the Ethane, Propane and 'Fuel Gas Fraction in fhe Natural Gas

The ethane, propane and fuel gas in indigenous Malaysian natural gas will be used
as the feedstock to produce the ethylene and propylene derivatives,

In cconomic terms, this is consumption of natural gas resources.

In order to compute the cost of the consumed natural gas resources, the economic
value of the gas resources has to be assessed.

The only alternative use for the gas (ethane, propane, fuel gas) is as fuel for electric
power generation. Therefore if the gas is not used by the pro;ect its value would
be the same, on a calorific basis, as heavy fuel oii.

The gas cost of electric power genefation is estimated al US$4.21 /MMBTU_.
This analysis, therefore, was based on this figure (US$4‘2 I/MMBTU). :

Cost of Labour Resources

The project will require the employment of highl}} skilled labour, which is scarce in
Malaysia. Therefore, the assessment of the economic costs was mad'e on the basis
of prevailing wage rates.

Other Costs required for the Production

Other costs required for productlon include the cost of the catalysts and Chemlcals
consumed by production, and the maintenance cost of eqmpment and machinery,
etc, The assessment of economic cost was made on the basis of prevmlmg rates for
these materials. .

The taxes {o be imposed under Malaysian tax laws were excluded from the cost
items, since these, for the Malaysian nation, can be regarded as transferable costs.
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Economic Internal Rate of Return

On the basis of the economic benefits and cost of this Project which are given
above, the economic internal rate of refurn was computed for an economic life
of 15 years. (CHAPTER 13 in Technical Report).

For case 1 the computed rate is ~ 1.32% in constant terms. (The details are shown in
Tables 8.1 and 8.2.)"

if the sales price increased, the internal rate of refurn for case 1 would increase to
7.2% in constant terms,

On the other hand, however, it is Iikely that the project would bring various
economic benefits to the nation.

84
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- 9.1

()

a)

b)

 CHAPTFR 9 CONCLUSIONS AND REGOMMENDATIONS

CONCLUSIONS

The conclusions reached by this survey are as follows.

The project is of great importance to the Malaysi'an federal and the Terengganu
state government, which want to encourage the development of mdustry in this
area by the construction of a petrochemical complex.

On Ehe other hand, the internal rates of return (after_ tax) on the basis of estimated
current prices ‘will be low. For the expoit-oriented case which showed the best
resiilts in the financial analysis is 10 percent.

Further, the results of an economic analysis indicate that the economic internal rate
of return would be approximately. 4 percent. for the best case. These rates are low,

and do not make the complex an attractive mvestment on a purely economical
basis.

The financial profitability would be improved if the Government took such mea-

sures as raising domestic selling prices by setting up tariff barriers and at eubsidisillg
the raw materials.

However this would not mean that the economic evaluation of the project will be
improved. Two major considerations arc given below. )

The world s markets fm petrochemwals are in a state of oversuppiy, and the;e is
continuing fierce competmon leading to prlce cutting. This. tendency of lower
prices is expected. to continue for the next 2 to 3 years. '

Aftel that period the prices of petrochemlcals are. predicted to risc at a moderate
rate of 5 to 6 percent per year, This means that it is unlikely that the sellmg prices
of petr ochemicals will g0 up substantially for some tnne to como :

-~ An important factor in the economics of this type of industry are thfe'econ_dmies of

scale. However the size of the domestic market is not i'arge enough' at present to
enable a petrochemlcal complex prOJect to fully enjoy these economles of -scale.
In order to expand domestic markets, it is thought that resin 1mport1ng firm be
found by the Malaysian organizations and corporates such as the government of .
Terengganu PETRONAS and HICOM who are expected to be mvestmg on the
petrochemical complex and Japanese trading compames who are well experienced

-in the sales of plastlcs and such a joint venture company be devoted to the pre-

malketmg and that an application research laboratory be established and devoted to
the development of applications through material substitution and entirely new
applications. | :



9.2

(2)

a)

b)

(3)

1y

2)

3)

In view of the circumstances described in a) and b) above, the feasibility of a petro-

chemical complex was studied for three cases;

A Domestic-market oriented
B Export-market oriented -
C  An intermediate situation between cases A and B

Results of the financial and economic analyses show that in the present circums-
tances, the export-market oriented case B will be the most advantageous, followed
by case C (the intermediate case). Case A (domestic market oriented case) would be
the least advantageous.

The major reasons for this are as follows.

An increase in production to meet export requirements would result in an expansion
in the scale of the project, reducing costs by increasing the economies of scale.

The tariff barriers against petrochemical impo'rts into Malaysia' are low at present.
Therefore. the difference between domestic selling prices and export prices would
not be great.

For the site of the petrochemical complex, Kerteh would be slightly more advan-
tageous for case A.

For cases B and C, Telok Kalorlg, would be more advantageous.

Recommendations

From the results of this survey, it is difficult {o recommend that preparations should
be started immediately for the construction of the complex. Nevertheless, the
fo]lowing_ suggestions are made as themes for future study on the basis of this study:

A very important point for such a project would be that the economies of scale will
not be realized unless a considerable portion of production is directed at overseas
markets, Otherwise, production costs would be high.

On the other hand under the present, domestic and overseas conditions it would be
difficult to boost selling prices.

The followoing are among the measures which could be taken to improve the feasi-
bility of the project.

Long—fange measures to expand domestic consumption or to promote the plastics
processing industry

Establishment of tariff bartiers

Government subsidies for raw materials



)]

An expans&on in domestic consumption is a pretequisite for the advance of the
petrochemical industry in the country,

. This can be achieved by the promotion and fostering of the plastics processing in-

(2)

(3)

dustry and other industries that consume petrochemical derivatives such as synthetic
fibers.

If tariff barriers are established they should be set up with reference to existing

balrlers in neighbouring countrles particularly the ASEAN countries.

The present raw j_naterials prices-are fixed at IBVBIS lower than their value when used
as fuel. This could be considered as a promotional measure, Yet, it is desirable fo
pursue a pricing policy that is in keeping with international trends. (Attachment 2),

It is hoped that the Government will implément appropriate fostering measures,
including the establishment of educational and training instifutions.
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