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Abbreviations

AB Alkylhenzene

ABS Acrylonitrile-butadiene-styrene for polymer
ARS Alkyl Benzene Sulfonate

AD ‘ Acetie Acid

AG Aromatic Gasoline (Pyrolysis Gasoline)
BR Butadiene Rubber

B-B Butan, Butadiene Residue

BTX Benzene, Toluene, Xylene

CHP Cumene Hydroperoxide

CCW Circulating Cooling Water

CPP Cast Polypropylene Film

CR ‘ Chloroprene Rubber

C-X (CHX) Cyclchexane

DEG Diethylene Glycol

DMT Dimethyl Terephthalate

DoP Dioctyl Phthalate

E Ethylene

EG{MEG) Ethylene Glycol

EO Ethylene Oxide

Ep Electric Power

EPDM Ethylene~-propylene-diene-~methylene Linkage
EDC Ethylene Di-chloride

EVA Ethylene-vinyl Acetate Copolymer
FG Fuel Gas

FO Fuel 0il

FRP Fiber Reinforced Plastic

W Filtered Water

GP General Purpose (Polystyrene)
HDPE High Density Polyethylene

HI High Impact (Polystyrene)

IR Isoprene Rubber

IIR Butyl Rubber

LAB Linear Alkylbenzene



LDPE
LNG
LPG
MI

M-xylene
{Xylene)

NZ2R

NG

NGL

NR

OPP

PP

BS

PTA

PVC

PW
p-Xylene (P-X)
SBR

SM

TPA (TA)
uv

VCM

DCF
Exchange Rate

GDP
GNP
IRR
$(DL.)
ROI

Low Density Polyethylene
Liguefied Natural Gas
Liquefied Petroleum Gas
Melt Index

Mixed Xylene

Nitril Rubber

Natural Gas

Natural Gas Liquid
Natural Rubber

Oriented Polypropylene Film
Polypropylene
Polyaterene

Pure Terephthalic Acid
Polyvinyl Chloride
Polished Water
Paraxylene
Styrene-butadien Rubber
Styrene Monomer
Terephthalic Acid
Ultra-violet

vinyl Chloride Monomex

Discounted Cash Flow

1971 1Us$=360 Yen
1lUS$=415 Rupiah

After the End of 1973 1U55=300 Yen
1lus$=415 Rupiah

Gross Domestic Product

Gross National Product

Internal Rate of Return

U.S.5, unless Particularly Remarked

Return on Investment
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PART I SUMMARY AND RECOMMENDATION
Chapter 1. General

1-1 Background and Objectives of the Survey

Indonesia has a potential for establishing petrochemical
industry with her population of approximately 130 million and the
resources of oil and natural gas both of which can be utilized as-
the raw materials for the industry. :

With these factors taken into account, the Phase I survey
was conducted in 1972 with a cooperation extended by UNIDO. As
a step subsequent to Phase I, the implementation of Phase II
studies were planned and the Government of Indonesia requested
for cooperation from Japan. This being the circumstance, the
Phase II study is now decided to be conducted with a cooperation
of the Government of Japan.

This Phase II report has had a purpose to compile detailed
technical and economic data on a moré practical standpoint concern-
ing the production project including the selection of the plant
sites. However, as a result of the visit to Indonesian sites for
this report, the following points have since been confirmed regard-
ing the raw materials so that the production schedule formulated
in Phase I has to be reshuffled.

{1} The olefin complex should be based on natural gas and other
conditions such as plant site are not yet decided.

(2) The aromatics complex, which shall be constructed in Palen-
bang, shall employ naphtha for an amount of 14,900 bbl/day. Of
which Minas naphtha will not be used for the aromatics produc-
tion, but will be employed for turning out gasoline. (On this
point, it has since beeen instructed by Pertamina that this con-
dition has been suspended.)

: This having been the circumstance, the policies of the
authorities have been revealed to be different from both the
petrochemical complex based on naphtha and also natural gas/
naphtha combination method assumed by UNIDO. It has now been
decided that the olefin complex and the aromatics complex shall
be treated completely saparately.

Thus, this report elaborate on independent and separate
explanations for the olefin complex and the aromaties complex,
and this volume III pertains to Aromatics complex.

Clarification regarding the prices of raw material, inter-
mediate products and final products was not obtained during the
site survey. Therefore, prerequisitions were made on these prices
as shown in the Chapter 2 and relative studies were conducted on
the basis thereof. : '

Further, the following changes have drastically taken
place since the compilation of the Phase I Report.

(1) Extreme price hike and supply shortage of crude oil.



(2) Price increase and supply shortage of plastics products.
(3) Increase in the construction cost and freight cost.

(4) Cconsecutive announcement of a number of petrochemical construc-
tion projects.

Because of these circumstances, it becomes necessary to
take a new lock with a renewed vision at the problems concerning
the raw materials and product prices. Also, it became necessary
to take into serious account the increment factor concerning the
construction cost. Further, the necessity for re-studying the
export markets became imperative in view of the successive an-
nouncement of petrochemical industrialization projects and also
of the shortage in the supply of petrochemical industrial products.
Regarding the domestic markets, it seems necessary to formulate a
new forecast on the basis of the above-mentioned price changes,
etc., however, no such forecast has been formulated in the present
study. .

The change in the conditions surrounding the raw material
supply, the change took place in the structure of export market
and also the fluctuation and increment in various general costs
as above-mentioned, all contributed to shift the directon of the
Phase II study from a mere continuation of the Phase I study to
the formulation of surveys on the basis of new basic considera-
tions.

1-2 Scope of Survey and Report

The survey for aromatics complex, of which productions are
cyclohexane and p-xylene as the raw materials of synthetic fiber
preduction, is to be conducted in relation to the survey on syn-
thetic and rayon fiber industry conducted in 1972 with a coopera-
tion of the Government of Japan and also to the survey on the
development of raw materials industry for synthetic fiber conducted
under the cooperation of the Japanese Government in 1973.

In other words, these three surveys are mutually related
as shown below,

Survey on Survey on the velop- Survey on Arocmatics
Syntlietic & ment of Raw Materials |<= |Industry as the Raw
Rayon Fiber || Industry for Synthetic Materials for Syn-
Industry Fiber => | thetic Fiber
Development

Nylon and Caprolactam Cyclohexane
Polyester DMT, TPA p-xylene

Fiber

. Pertamina has now decided to invest into the project of
produ01ng.cyclohexane and p-xylene in Palenbang, so that the
stage of investment feasibility survey has already passed.

) Thereforet the present survey will place an emphasis on
the point of compiling and submitting reference data for the

execution of the investment to be undertaken by Pertamina in the
future.



As to the technical data and information, explanations
will be made regarding the selected alternatives for the details
of such ‘points as the material balance, etec., together with the
submission of relative data and information, and at the same time,
the submission will be made concerning the list of process owners
for each stage of the production processes, the features of the
available processes and the outline explanations thereof.

Further, the problems in proceeding with the present
survey can be enumerated as follows.

{1) The petrochemical industry of the world in general, the site
in particular, is now going through a transient phase so that the
forecast on the supply and demand trends is extremely difficult
to formulate,

{(2) The price factors (for raw materials, products, construction
cost, transportation cost, etc.) are now displaylng the most
unstable status.

And further, investment cost, internal rate of return,
annual cash flow as well as foreign exchange belance and naticonal
benefit on shadow pricing method w111 be assessed for a repre-
sentative case.

The survey for availability of ammonia and sulfuric acid
for caprolactam production and methanol or acetic acid for DMT/
PTA production shall also be excluded from the scope of this
report. These are shown in the survey report on the development
of raw materials industry for synthetic fiber.

Therefore, a number of prerequisite conditions had to be
stated in each case for undertaking relative forecast and
observations will be made the effects exerted by the change made
in the prerequisite conditions.

Chapter 2. Prerequisite Conditions

In order to carry out the studies in the present report,
the following prerequisite conditions were established.

2-1 Production Schemes

Quantity of naphtha to be fed into the reformer shall be
14,900 bbl/day, however, two sets of evaluations by assuming two
different cases were conducted, i.e., a Minas portion of fed
naphtha shall be consumed as gasoline and the rest as raw material
for aromatics production; and the case no naphtha shall be allo-
cated for gasoline.

Further regarding these two cases, the following assump-
tion were made, i.e., a case in which toluene shall be dispro-
portionated into benzene and mixed xylene; a case in which benzene
alone shall be undertaken by means of hydro-dealkylation from
toluene; and a case no treatment shall be made for toluene.

2=2 Plant Site: Palenbang



2-3 The commencement of commercial operation shall be made in
" October 1977.

2-4 The operational rate of the plant shall be at 93%.

. 2-5 The naphtha price has been assumed that exportation will
be effected by Japanese price, so that the estimation was made by
subtracting the ocean freight and other costs up to Japan from
the Japanese naphtha price in January 1974 i.e. ¥22,000/Kl.

2-6 The prices of cyclohexane and p-xylene were taken from
the data used in the Synthetic Fiber Raw Material Survey which was
conducted prior to the present survey.

In this case, estimated international price was increased
by import duty of 15% and handling charges and thus obtained price
was adopted-as the price to be applied to the domestic market.

Concerning the export price, the Philippines was deemed
to be the representative export market and the ocean freight up
to the Philippines was subtracted from the international price
level.

2-7 * The gasoline price was estimated by evaluating the octane
value and the level was set as being 1.8 times the naphtha price.

2-8 The toluene price at the lowest was assumed to be equivalent
to price of reformate gasoline on'an assumption that toluene
will be used as a blender into high octane gasoline.

2-9 Estimations were made that the price ratio of benzene,
toluene and xylene is 1.3:1.1 in view of the actual records
obtained in Japan and the U.S.A. Further, concerning the surplus
benzene, the exportable price level was adopted.

Table III-1 shows the product prices established in accord-
ance with the foregoing assumptions.

2-10 The fuel to be employed shall be the total amount of
excess gas and hydrogen available from the process plants and the
shortage portion shall be replenished by external fuel supply.
Concerning the economical viability of the complex as a whole,
evaluation has been made on the basis of the fuel oil and natural
gas. Nevertheless, concerning the detailed studies of the scheme
of each process, the studies were made by taking fuel oil which
pertains to severer economic viability.

2-11 deestic Market

There are several viewpoints to the assessment of the
domestic market as follows.

(i) The extent corresponding to the Indonesian domestic
textile consumption.
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(ii) The extent corresponding to the Indonesian textile
production (by taking into consideration the textile
export from Indonesia) .

(iii) The extent corresponding to the possible production
amount of caprolactam, DMT/PTA inside Indonesia

(including the export portion of caprolactam, DMT/
PTA) .

The last above pertains to production of caprolactam, DMT/
TPA (including the exportation of DMT/PTA or caprolactam) on a
higher level than in the case of (ii) during the initial stage of
production. The above approaches can be illustrated in Figures
III-1 and III-2. Regarding the domestic demand for xylene and
cyclohexane, the following assumption was established:

The Indonesian domestic demand will be 61,200 t/y of
cyclohexane and 144,000 t/y of p-xylene which correspond to a
caprolactam, DMT/PTA production project of producing 60,000 t/y
of caprolactam and 200,000 t/y of DMT/PTA as TPA, which includes
the Indonesian domestic synthetic fiber production for the year

1979 plus 30% of exportation. This trend is shown in Figures
I1I-1 and III-2 as item{3 ).

This assumption takes into consideration the growth in
the domestic demand for textile products, the active and positive
investment projects for textile industries and, the step-invest-
ment to be effected to the project and the project life.

2-13 Export Market

Regarding export, p-xvlene and benzene shall be allocated
for exportation and no export shall be considered for cyclohexane.
Also the destination for export was assumed to be the Philippines
market as a basis to estimate the export price level.

Chapter 3. Investment Cost

The investment costs according to the various project
shcemes are shown in Table III-2. However, it must be noted
that these investment costs include the costs for service
facilities, etc., pertaining to the process plants; however,
the costs concerning the utility facilities are not included.
Regarding the details of the’ investment including the utility

facilities, refer to Part III, Chapter 5 in which representative
cases are studied.

Chapter 4. Results of Economic Evaluation

4-1 The results of evaluations made to each case on the basis
of the above prerequisite conditions are shown in Table III-2.
Further, each case is divided into two instances:; i.e., the one
in which gasoline sales shall be undertaken and another in which
no gasoline sale is to be undertaken. Aalso, each case presents

the differences in the production pattern caused by the difference
in the toluene treatment.
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) It was revealed that the following three cases were o
sufficient economic wviability to warrant investment:

The case in which the Minas naphtha is drawn out in the
form of gasoline without going through the BTX extraction after
leaving the reformer and further, no processing is made to toluene.
(However, PX 118,230 t/v CHX 49,040 t/y of capacities will not cover
-the estimated required domestic demand); the case in which a -
portion of toluene is disproportionated after extracting gasoline
and the production amounts 144,000 t/y of p-xylene and 61,200 t/y
of cyclohexane and the case in which toluene is sold as it is
without extracting gasoline (142,060 t of p-xylene and 61,200 t
of cyclohexane).

The internal rate of return for the above incorporates 7%
of annual price increase factor as mentioned in the case of olefin
complex.

4-2 Effect of Price of Naphtha and Product

Table III-3 shows the internal rate of return evaluation
in the event where variations are made to the above-mentioned
prerequisite conditions, i.e., the raw material naphtha price,
p-xylene and cyclohexane price, regarding the case 4-1001A in
which the internal rate of return is 20.6% and the domestic p-
xylene and cyclohexane demands have been satisfied. The same
table also shows the internal rate of return in the event when
the sales price of gasoline is taken on the same level as
reformate, thereby achieving no significant added value as
gasoline.

4-3 Relationship amongst the prices of benzene, toluene and
xvlene. This studies were made td evaluate of de-alkylation
and disproportionation plant. (Refer to 3-2-9 in Volume III)

4-4 Effect of Kind of Fuel

Although it was basically assumed that fuel oil shall be
used as the fuel, economic viability of the project will be
remarkably enhanced if natural gas is to be employed instead.

4-5 National Benefit

The national benefit assessment regarding Case 4-1001a
revealed the internal rate of return at 19.7% as against 20.6%
obtained by economic evaluations. This has been due to the fact
that in the present evaluation, the prouduct prices included the
import duties, however, in the national benefit assessment, no
such inclusion of import duty was undertaken.

chapter 5. Recommendation

Recording to the result of study the following would be
enumerated as conclusions.
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5~1 The economic viability and the effects on the national econo-
my exerted by the implementation of this project seem to be lower than
those in the case of the olefin complex, however, it is neverthe-
less strongly recommended that this project be implemented in view
of achieving stable and economical raw materials supply to the
Indonesian fiber industries. In other words, the stages of
industries following the implementation of this project, such as

the nylon and polyester production, weaving, dyeing, sewing, etc.
"should be supported by stable raw material supply in order to

achieve expansion in employment opportunities, stabilized supply

of textile products and the product exportation on respective

stages of these industrial activities,

Therefore, the implementation of this project will greatly
contribute to the Indonesian national economy as a whole.

5-2 The evaluation were made hy incorporating L15% import duty
concerning the prices of imported products for domestic use,
however, considering the possibility of cyclchexane and p-xylene
exportation or, even the exportation of capreclactam, PTA/DMT, etc.,
which employs cyclohexane and p-xylene as the raw materials, it
would be necessary to further enhance the economical viability of
this project.

5-3 The economy of this project is affected by the evaluation
of the variable costs (prices of raw materials, intermediate
products, by-products and final products) much more seriously than
by the modification made in the investment cost. However, con-
cerning the product prices, it should be noted that the preoducts
will eventually be converted into caprolactum, DMT or PTA and
finally into nylon or polyester fiber. Therefore, it is not
recommendable that the product prices be set on a high level, in
view of the inadegquacy in supplying high cost clothing materials
to the market and also in view of the necessity for the enhance-
ment of economic viability of projects of down-flow plant.

(The domestic prices have already been added by 15% import duty
onto the import prices). BAlso, as it is expected that a certain
portion of the products will be exported in the form of capro-
lactam, DMT or PTA monomer on one hand, and in the form of nylon
or polyester fiber on the other, it is necessary to take into
consideration the price competition to be waged with foreign
products. As has already been mentioned, the rate comprized by
the variable costs in the production cost is high in the case of
the aromatics complex project. Therefore, the prices of raw
material naphtha, by-produced reformate gasoline and toluene
(which can also be used as gasoline blend), as well as the selec~

tion of the fuel will greatly affect the selection of the process
route and the finalization of the optimum production scale.

These conditions should be finally determined on the basis
of governmental policies supported by various considerations such
as the nature and the direction on the industrialization to be
promoted by both the Government and the Enterprises themselves;

the policies pertaining to the stabilization of national economy,
etc.

In view of the reinforcement of the international competi-
tiveness by reducing the product prices, it seems desirable that
the natural gas employment be undertaken as fuel or a lower level



evaluation of naphtha should be carried out.

5-4 Further, regarding toluene, the direct industrial demand

as a solvent is not so high. Therefore, toluene utilization is

for the most part made as a blend into gasoline as fuel, or as a
chemical raw material for the production of benzene or xylene by
.means of hydrodealkylation or disproportionation. as iz well
known, both benzene and xylene are the basic raw materials for the
production of plastic resins or synthetic fiber raw materials which
are of much higher added value, if so used.

As has been mentioned earlier, both benzene and xylene
have potentially high price, however, there is a price level
limitation due to the fact that these are intermediate raw
materials.

Therefore, in the case of producing benzene or xylene by
employing toluene as the raw material, the evaluation of toluene
price will have to be on a low level. fThe condition for foster-
ing chemical industry is the achievement of economical and stable
supply of raw materials and from this viewpoint, the guantitative
securing of benzene and xylene will have much higher significance
in view of industrial administration than to consume toluene merely
as fuel.

In this connection, it should be noted that recently the
Government of the U.S5.A. made distinctive differentiation in the
price increment margin when enforcing the price control of benzene
and toluene for the purpose of encouraging the consumption switch-
over from toluene to benzene. From this point of view, there is
an ample possibility of politically evaluating the toluene price
on a low level.

In ordexr to further confirm this point, studies were made
concerning the relationship amongst benzene, toluene and xylene
under a condition in which the dealkylation and disproportionation
will both have economic viability,

—-20-



PART 1II GENERAL CONDITIONS

In this Part II, a summary of necessary data for carrying out
various economic evaluations to be conducted in Part III is made.

. At present, the petrochemical industry is finding itself in

a chaotic environment so that such factors as the raw material prices,
product prices, construction costs, transportation costs, etc. are
all in a transient and unstable conditions. This being the circum-
stance, the only reasonable way to take is to compile the relative
data by setting rational prerequisite conditions as much as possible
in order for the outcome to ke compatible even under such a confused
circumstance. Due to the fact that the stipulation of all of such
preregquisite conditions within the scope of Part II will be almost
the same as one used for olefin complx, which are omitted here,

so kindly be requested to see the relative chapter of Volume II. By
taking into consideration the cases in which the above-mentioned
pre~requisite conditions vary or become different due to the evolution
of the circumstances, description of changes in the economic via-
kility in the event of change in various variable factors will he

made in Part ITI.

As far as the synthetic fiber raw materials are concerned,
descriptions will be made in a separate report regarding the pro-
duction of PTA, DMT and caprolactam. Therefore, this report will
cover up to the production of cyclohexane and p-xylene.

Chapter 1. Market
1-1 Indonesian Market & Exportability

Concerning the domestic market for cyclohexane and p-xylene
as the raw materials for synthetic fiber production, there are
three different viewpoints in assessing the demand, i.e., the
required amount in view of the synthetic fiber consumption in
Indonesia; the required amount in view of the synthetic fiber
production projects {including the exportation of synthetic fiber);
and the required amount in view of the synthetic fiber raw materials
procduction projects {including the exportation in the form of
synthetic fiber raw materials). These requirement figures are
shown in Table IIi-4. .

In addition to the above-mentioned markets, available
quantity of naphtha, which is given by Pertamina, limits the pro-
duction quantity. Production schemes are formulated by taking in
consideration both the above-mentiocned.

'As for exportation of.cyclohexane and p-xylene for use as
synthetic fiber raw materials, these items were basically considered
to be turned out with added values in the form of down flow products

as has been considered in the description of the domestic market,
after taking into account the limited quantity of naphtha available.

Chapter 2. Availability of Raw Material Naphtha

2-1 Availability of the Main Raw Materials (Hydrocarbons)
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{1) Location

In accordance with the intention of Pertamina, the production
of aromatics products will be undertaken in the Palembang area.

(2) Quantity and Composition

Reference should be made to the site discussion (Interim_
Report), the letter from Pertamina dated 7th of February (Appendix
6) as well as Pertamina to the exchanged telex messages undertaken
(Appendix 7). According to Pertamina's telex message dgted )
February 28 it was understood that nothing could be decided at th*s
stage because of the sudden change in the circumstaqces. This @elng
the case, it was tentatively decided that the relative calculaFlons
would be made on the basis of the comments forwarded to Pertamina
via our telex dated February 23. The said telex message was made
on the basis of the above-mentioned on-site discussion and the
letter received from Pertamina, in which available quantity of
naphtha for aromatics complex is as shown in Table III-5.

Table 111-5 Naphtha Available for Aromatics Complex
(Cut range 150-300 deg. F)

TAP Naphtha 6,230 BPSD
SPD Naphtha 2,230 BPSD
ARJUNA Naphtha 3,200 BPSD
Total 11,660 BPSD
MINAS Naphtha 3,200 BPSD
Total : 14,860 BPSD

In this connection, it was remarked that the Minas naphtha
will not be used for the production of BTX. Therefore, the instal-
lation of a reformer of 14,860 BPSD will he undertaken and the

capacity for the processes after the completion of BTX extraction
will be =zet at 11,660 BPSD.

It was also decided that additional description will be made
concerning a case in which the total amount of naphtha is used for
the extraction of BTX in view of the forecast made on the market
scale for the synthetic fiber raw materials.

As far as the composition is concerned, the data obtained
from Perutamina was used as the basis for TAP and SPD and further,
regarding ARJUNA, the compositions of the two were proportionately
allocated on the basis of the utilization ratio. Concerning MINAS,
the data available in Japan were employed. (Table III-6)

o

-2 Availability of Utilities

Every candidate site must be equipped with its own utility
facilities within the complex.



Table -6 ~ Naphtha Analysis*

Naphtha TAP SPD
APT 52,9 48.3
Sp. Gr,. 0.7674 0.7870
ASTM Distillation,
°F
IBP 180 180
EP 300 300
Component
Breakdown
LV% on feed
Paraffines

Cg 5.0 3.2

Cy 5.0 5.7

'CB 8.1 5.9
Naphthanes

g6 6.9 4.3

C7 13.8 10.1

C8 11.2 B.6
Aromatics

C6 1.Q 1.4

C7 3.4 6.2

C8 6.0 11.4

Note: C9 has been cut from the

given data.




Chapter 3. Scope of Estimate

The same as described in Chapter 3, Part II of Volume II

Chapter 4, Prerequisite Conditions for Economical Viability
Evaluation
4-1 Foreword

Part IIT describes case studies pertaining the aromatics
complex. Further, financial analysis and economic analysis shall
be additionally made to a representative case. The economic
analysis consists of the assessments of foreign exchange balance and
the national benefit by employing the shadow pricing method from the
national viewpoint. This Chapter and Chapter 5 describe the standards
and the methods of the relative calculations. Further, a utilization
of simplified methods has been made for the economic evaluation of
case studies by employing simulation models. Further explanation
on this point shall be made in Chapter 6. The effets of imple-
mentation of this project on the expansion of employment opportuni-
ties have not been included within the present study. Up to the
present project,the basic nature of the industry is of capital-
intensive nature and therefore it is considered that the degree of
the employment expansion effects will not be very high.

4-2 Escalation Factor

An escalation factor of 7% per year increment was assumed
concerning the following items in view of the effects of inflation,
etec.

- Product brices

= Raw material and auxiliary-raw material prices
- Cost of bagging, catalysts and chemicals

- By-product prices

- Labour cost, plant administration cost,
technical assistance cost

- Maintenance cost and general administration cost

4-3 Project Life and Operation Years

Calculations have been made regarding the profit/loss
balance over a ten-year period after the commencement of the
operation and individualized analysis shall be undertaken. The
operation commencement target has been set for the aromatics
complex for lst October, 1977. Therefore, the calendar year and
the operational year of the project after the commencement of
operation do not coincide. 1In order to incorporate necessary
adjustment in this respect, the period from lst October until 30th
September of the following year shall be termed the "One Business
Year"”. The years used in the annual-basis profit/loss calculations
shall signify the above-mentioned "Business Year". On the other
hand, calendar year basis was adopted for expressing the demand
amount and other various cost factors. These items shall be



converted in terms of the business year through the following
equation.

3 month © 9 month
Pi = I3 montn *Ci-1 * 12 montn * Ci
Where P, : Value for the business year "i"
C, : Value for calendar year "i"
Ci 1 . Value for calendar year "i-1".

44 Cogt Items
4-4-1 Variable costs

The same as described in Chapter 4, Part II of
volume II

4~4-2 Depreciation

The same as described in Chapter 4, Part II of
Volume II

4~4-3 Labour cost and plant overhead costs

The same as described in Chapter 4, Part II of
Volume II

4-4-4 Maintenance

The same as described in Chapter 4, Part II of
Volume II

4-4-5 Fixed asset tax and insurance

The same as described in Chapter 4, Part II of
Volume II

4-4-6 Technical assistance fee

This item includes the cost incurred on the invitation of
expatriate skilled engineers for receiving assistance for plant
operation. However, this item shall be included within the scope
of labour cost in the calculations employing the simulation models.
The number of the expatriate engineers necessary for the operation
of the aromatics complex shall be 10 persons throughout the whole
business years. The necessary costs shall be assumed as US$135,000/
year/head for the year 1980 and the annual escalation factor was
taken into consgideration in this respect,

4-4-7 General administration

The same as described in Chapter 4, Part II of
Volume II

4-4-8 Interests and the repayment method

The same as described in Chapter 4, Part II of
Volume II



4-4-9 Taxes and levies

The same as described in Chapter 4, Part II of
Volume II

Chapter 5. Prerequisite Conditions and Methods Concerning
Financial and Economic Analysis

5-1 Financial Analysis
The same as described in Chapter 5, Part II of
Volume II

5-2 Annual Balance of Foreign Currency

The same .as described in Chapter 5, Part II of
Volume II

5-2-1 Foreign currency inflows
(1) Earning of foreign exhcange by exportation

Although it is assumed that the products shall be primarily
supplied to the domestic market, an assumption is made that all the
surplus products shall be allocated for exportation during the stage
at which the growth of the domestic market will not be substantially
made. Benzene and paraxylene are the items of products which have
the export potential.

Note: In computing the foreign exchange earning by exportation,
the evaluation should be made on the FOB price basis, however,
as will be described in Part III, the exfactory prices of
the products for export has tentatively been deemed as the
FOB prices, in view of the fact that difference between the
FOB price and the exfactory price is gquite small.

(2) Foreign currency saving by import substitution

Although' the products shipped directly to the domestic market
will actually earn no foreign currency, it would have been neces-
sary to import them if the subject project were not implemented.
Therefore, the extent of such a saving should be included within the
scope of the foreign currency earning. The products applicable to
this category are cyclohexane and paraxylene.

Notes: 1. When computing the foreign currency saving by means of
import substitution, the evaluation should be made on the
basis of the import price (CIF price) at Indonesia (Jakarta),
however, the exfactory prices for domestic market were
tentatively deemed as being the CIF prices in view of the
fact that, as will be mentioned in Part III, the difference
between the CIF price and the exfactory price is quite small.

2. The exfactory prices for domestic market of the products
from the aromatics complex were evaluated in terms of the
price levels which have been protected by import duty. When
deeming such exfactory prices as the CIF prices, it is neces-
sary to subtract the import duty portion from the foreign



exchange saving extent achieved by import substitution., This
import duty portion corresponds to 12.6% of the exfactory
prices.

(3) Indirect foreign currency saving

Deduction from the production cost has been carried out
concerning the by-products by means of carrying out conversion in
"terms of fuel or, by evaluating the by-products in terms of the
product prices.

In view of the small extent of the amount of by-products
turned out, there are a number of instances in which any significant
foreign exchange earning or saving by import substitution can be
achieved. However, even in the case of these by-products, the cre-
ation and growth of domestic markets are also expected along with
the development of industrialization. Also, from the national point
of view, those bhy-products which can be used as fuel, will serve for
the saving of fuel o0il and natural gas. Therefore, such an effective
utilization of by-products will eventually contribute to the earning
or saving of foreign currency. ‘The applicable items of products in
this respect are as follows. :

Arcmatics complex:

0ff-gas, hydrogen
Toluene, gasoline, raffinates
Utilities to be sold outside¥*

Note: * = The capacity of the utilities facilities has been designed
by including the supply to the caprolactam and PTA/DMT plants.

5-2-2 Foreign currency outflow :

{1} Loss of export opportunity of raw materials and auxiliary
: raw materials

The raw materials which are available inside Indonesia and
intended to be used as raw materials, auxiliary raw materials and
fuel for the subject project have the export potential in the form
of raw materials, auxiliary raw materials or fuel, if the subject
project implementation is not to be made. fTherefore, these materials
should be deemed as having been deprived of export opportunities due
to the utilization in the subject project and therefore shall be
evaluated in terms of foreign currency outflow. The items applicable
to this category are naphtha and fuel {gas or oil).

(2) Imported materials
The same as described in Chapter 5, Part IT of
Volume II .

(3) Foreign éurrency payable

The same as described in Chapter 5, Part II of
Volume II

Chapter 6. Economic Calculations of Complex by Employing Models

The same as described in Chapter 6, Part IT of
Volume II



PART III VARIOUS ECONOMIC EVALUATIONS

The relative assumptions and prerequisite conditions con-
cerning the aromatics complex have been stipulated in Part I. Of
these assumptions and prerequisite conditions, the following are the
.ones which will be affected by the intention and policies of the
Indonesian government.

{1) Raw material naphtha price

{2) Gasoline Price

(3) Types of fuels to be employed

(4) Evaluation of toluene as gasoline

The direction of decisions made to the above items will
greatly affect the profitability of the complex as a whole,as well

as that of individual plant. The basis for the present economic
evaluations were taken as follows.

(1) The raw material naphtha price is based on a possible

exportation price level to Japan.
(2) The gasoline price is 1.8 times the price of naphtha.
(4} . The toluene price shall be higher than the gasoline price

even at the minimum level.

Concerning (3}, the types of fuel to be employed, data as
a2 whole complex will be given regarding both fuel oil and fuel gas,
however, ‘detail evaluations and economic viability comparison '
for each plant will be explained by taking fuel oil alone. However,
there is a possibility that the project scheme selection may be
changed by the alteration of these prerequisite conditions so that
necessity will arise for re-studying as and when the determination
is made to the above-mentioned prerequisite conditions and assumptions.

Chapter 1. Prices of Raw Material and Products

1-1 Raw Material Price

Estimation has already been made regarding the properties
of the raw material naphtha in Part I. As for the price of naphtha
in Indonesia, Japan-made naphtha price is taken as the basis and
estimates have been carried out by formulating the Indonesian FOB
price level to meet the Japanese naphtha price. These esatimates
have been made by subtracting the ocean freight cost and other
miscellaneous charges to be incurred in the transportation between
Indonesia and Japan. As to the naphtha price in Japan, the Japanese
domestic naphtha price revised on 18th March, 1974 has been Japanese
¥20,000/Kl which was approximately ¥6,000/K1 as of March, 1973.
However, there is a possibility of re-increase of the price. Also,
the naphtha price prevailing after the increase of Middle East crude
oil price up to $9.36/bbl attains a level of ¥22,000/K1 (=$73.3/K1)
as explained in Annex I of VOLUME II. Therefore, the price ‘
$73.3/K1l is taken as the basic figure as the Japanese price for
the year 1974 in this writing. When the escalation factor of 7%



per year is taken into consideration, the Japanese domestic naphtha
.price in 1978 will attain a level of $96.02/K) which corresponds
to $129.76/t. The ocean freight for naphtha between Tokyo and
Jakarta in the year 1978 will be $15.92/t as indicated in Annex II.
When a rate of 5.35% is taken on the above figure as covering the
marine insurance premium, handling charges, storage charges inside
Japan, etc., the figure will be $6.94/t. This figure is subtracted
from the Japan-produced naphtha price, and the Indonesian FOB price
‘will be $106.9/t. This figure is adopted as the Indonesian domestic
naphtha price.

1-2 Product Prices

Regarding the product prices which are employed as the bhases
for the present economic evaluation, it must be noted that the
recent prices are far from being normal in view of the balance
between supply and demand, sudden rise of the raw material prices
and further, the price control in overseas'countries and the
subsequent emergence of the dual price structure. Therefore,
estimations were made on theé basis of the 1971 prices which are
deemed to have been on a normal level, and further, to which the
escalation and the raw material price increase factor since took
place have been incorporated. Further, the undermentioned prices
have been estimated for the following year of the start-up of the
complex, i.e., the year 1978 (the operation will be conducted
throughout the year).

1-2-1 Prices of main products

The following points have been mentioned in Annex I
concerning the prices of the main products, i.e., p-xylene and
cyclohexane.

(1Y The case in which the product prices will be determined
after being produced from the already existing plants and
having been affected by the sudden rise in the raw material
(crude o0il) price and further by the subsequent escalation
of variable cost.

(2) The price of the products which have been turned out by the
newly constructed plant after the crude oil price sudden rise
took place {in this case, the effects of the cost increase
and the escalation were exerted to the plant constructiocn
cost itself).

The above-mentioned (1) and (2) were taken as the Japanese
domestic min. prices and the max. prices, respectively, and the
Indonesian domestic prices can, therefore, be estimated by adding
such necessary cost items to conduct Indonesian domestic sales, such
as the .ocean freight cost, Indonesian import duty of 15%, etc. On
the other hand, there is a price level of cyclohexane and p-xylene
which has been estimated in the survey on synthetic fiber raw
material industry in Indonesia. (Concerning the estimation methed
of these prices, stipulations are made in the survey report for the
Development of Raw Materials Industry for Synthetic Fibers, however,
the outline of which can be stated that the average level was
obtained on the Japanese and the American domestic prices which
has been regarded as being equivalent to the CIF price of the
various importing countries, and from this basis, the Indonesian
domestic market price was obtained by adding approximately 19%
representing the import duty and other miscellaneous charges.)



Hereafter, the above (1) and (2) will be called the Japanese
-min. price bagis and Japanese max. price basis, and the last one
synthetie fiber price bagis. Exfactory price from the new plant in
Indonesia will be estimated as follows on the above bases.

p-Xvlene Czclbhexane

Japan max. price basis: Ussels.s/t Uss4le. 3/t
Japan min. price basis: US$563.9/t  U©S$3B4.3/t
Synthetic fiber price basis: UsS$456.0/t Us$322.0/t

Concerning the estimation method of these prices and the
basic Japanese prices, FOB prices, CIF prices, etc. for the
Japanese minimum and maximum price basis, refer to Annex I and Table
ITT-7{1) and (2). Also, concerning the domestic prices in Indonesia
and the international prices pertaining to'the synthetic fiber price
basis, reference should be made to the Republic of Indonesia Survey
Report for the Development of Raw Materials for Synthetic Fibers.

Table ITI-7(1) Estimation of Exfactory Price for Domestic Market Based on Import from Japan
(Japanese Max, Price, 1978) ‘

In USg/kyg
Para- Cyclo
Product Benzene Toluene Xylene xylene Hexan
Main Domestic Jakarta Palembang Palembang Palembang Surabaya
Market
L)
Exfactory Price 27.6 25,5 24,3 44,0 29.6
in Japan
8 FOB Cost D0.56 0,52 0.50 0.90 .0.60
=]
H
B Ocean Freight 2.78 2.62 2.62 2.77 2.78
o .
a
° Insurance etc. 2,69 2,49 2.49 4.15 2,89
3
W CIF Indonesian
o Port 33.64 31,13 29.80 51.81 35.85
5 .
% Import Duty 5.04 4.67 4.47 .77 5.38
E Sales Tax etc, 4.78 4,95 4.74 8.24 5.70
(]
(1
Landed Price 44.03 40.75 3g.01 67.82 46.93
W
° e Inland 3.14 - - - 1.09
§d o | Transportation
A8 0
PRI
g8 A | MOP Sales Tax etc 0.83 3.57 3.42 5.94 4.02
ik
m Exfactory Price
at New Plant 40.07 37.18 35.59 6l,.88 41.83




Table I1I-7-(2)  Estimation of Exfactory Price for Domestic Market Based on lmport from Japan
(Japanese Min. Price, 1978)

In USE/kyg
Para- Cyclo
Product Benzene Toluene Xylene xylene Hexan
Main Domestic Jakarta Palembang Palembang Palembang Surabaya
Market
Exfactory Price
o in Japan 26.0 24 .0 23.0 40.0 27.0
b
X FOB Cost 0.53 0.49 0.47 0.82 0.55
o
3 COcean Freight 2.78 2.62 2.62 2.62 2,78
g :
[}
= insurance etc. 2,55 2.36 2.67 3.78 2.64
e
g CIF Indonesian | 3,86  29.46 28.36 47.21 32,97
=/ ort .
0
E Import Duty 4.78 4.42 4,25 - 7.08 4.95
4+ .
w 5,
M Sales Tax etc. 5.07 4.68 4.51 + 7.5 5.24
Landed Price 41.71  38.57 37.12  61.80  43.16
W Inland '
o Transpoxtation .83 - B - 1.05
~- -
o H
"D o| MOP Sales Tax etc.| 3.58 3.38 3.25 5.41 3.67 \
D »m| Exfactory Price
& & at New Plant 37.30 35.12 33.87 56.39 38.43

Prices for exportation has been also estimated respectively
on the above basis. The procedure is that the CIF price in the
Philippines was obtained firstly and then the ocean freight costs
and other miscellaneous charges to be incurred between Indonesia
and the Philippines were subtracted from the obtained CIF price.

Concerning the estimation methods and the results, refer
to ANNEX I and Tables III-8(1) and III-8(2).

1-2-2 By-product prices

Generally speaking, the by-products from an aromatics
complex consist of raffinates, off-gas and hydrogen, however, in
the present survey, it was noted that, according to the request
made by Pertamina, that the Minas naphtha portion should be allocated
for the production of gasoline. Therefore, the gasollne is also
regarded as one of the by-products. Concerning the prices of
individual by-products, the following estimates have been made.



Table 111-8(1) Estimation of Exfactory Price for Overseas Market Based on Import from Japan _

{Japanese Max. Price, 1978)

(uss/t)
Product
Benpene  Toluene Xylene Para- Cyclo-
Market xXylene hexane

Item s Manila Manila Manila Manila Manila
Exfactory Price 27.6 25.5 24.3 44.0 29.6
in Japan

FOB Cost 0.56 0.52 0.50 0.90 0.60
Ocean Freight 1.74 1.74 1.74 1.74 1.74
Insurance etc. 2.60 2.4 2.31 4.06 2.28
CIF Price 32.50 30.17 28.84 50.69 34.72
Ocean Freight 1.56 1.56 1.56 1.56 1.56
Insurance etc. 2.60 2.41 2.31 4,06 2.78
FOB Cost 0.57 0.52 0.50 0.90 0.6l
Exfactory Price 27 .77 25.67 24 .47 44 .17 29.77




Table I1I-8(2) Estimation of Exfactory Price for Overseas Market Based on Import ffom Japan
{Japanese Min. Price, 1978)

(Uss/t)

Zroduce Benzene Toluene Xylene Pz;i;ne ggi;ﬁ;
Items Market Manila Manila Manila Manila Manila
Eﬁfggggﬁy Price 26.0 24.0  23.0  40.0 27.0
FOB Cost 0.53 0.49 0.47 0.82 0.55
Ocean Freight " 1.74 - 1.74 1.74 . 1.74 1.74
Insurance etc. 2.46 2.28 . 2.20 3.70 2.55
CIF Price 30.72 28.51 27.40 46 .25 31.83
Ocean Freight 1.56 1.56 1.56 1.56 1.56
Insurance etc. 2.46 2.28 2.19 3.70 2.55
FOB Cost ' 0.53 0.49 0.47  0.82 0.55
Exfactory Price 26.17 24,17 . 23.17 40.17 27.17




(1) Gasoline

‘The gasoline price (mainly set by the government policy)} in
Indonesia from 1978 onwards is not clear at this stage and, therefore,
the method for deciding the price which is generally employed in
Japan has been adopted. That is the method pertains to the setting
of gasoline prices in accordance with the octane value level by
.multiplying the raw material naphtha price by a factor ranging from
1.5 to 2.0. 1In this report, the l.8-times factor on the raw
material naphtha price was employed. Therefore, the following will
ensue.

$106.9/t x 1.8 = §192/t

However, gasoline price is mainly determined by the govern-
ment policies, thereby presenting a considerable extent of variation
from country to country. This being the circumstance, studies will
be undertaken cn one representative case by taking an instance in
which the gasoline price and reformate price are identical.

(2) Raffinates

Raffinate, which is a by-product of aromatics complex, will
be considered to be equivalent to naphtha as the raw material for
olefin plant. Therefore, the raffinate price could be set on the
same level as the naphtha price, that is, $106.9/t.

(3) - Qff-gas and hydrogen

As far as off-gas and hydrogen are concerned, evaluation as
fuel was conducted. As to the fuel price, the figure which was
estimated in the case of the olefin complex was adopted, in other
words, the price $3.75/MMKcal for the year 1980 was adopted. As
this price already includes the 7%/y escalation factor, the price
level for the year 1978 will be $3.275/MMKcal. Therefore, the
following will ensue.

Hydrogen price equals $3.275/MMKcal x 28.67MMKcal/t
= £93.9/t.
Gas price = $3.275/MMKcal x 11.0/MMKcal = $36.0/t

1-2-3 © Intermediate product prices

. Interme@iate product prices are calculated based on profita-
blilty of each intermediate plant, that is, 15% of internal rate of
return.

However, there are cases of low internal rate of return or
economically unviable cases particularly regarding the disproportion-
ating plant and hydro-dealkylation plant because of the fact that
the intermediate products prices were controlled in such a manner
that the internal rate of return of the cyclohexane plant and p-
Xylene plant will constantly be on a level higher than 15%, by

giving Priority to these two plants the products of which are both
the final products.

{1) Reformate

T@e price of the reformate was established in.such a manner
that the internal rate of return of the unifining reformer plant



will be on a 15% level. Therefore, the reformate price will vary
depending on whether the sale of gasoline is undertaken or not.

in other words, on the basis of the naphtha price of $106.9/t, the
reformate price $135.1/t when the gasoline sale is to be undertaken
and the price is $147.6/t when the sale is not to be conducted.

(2) Benzene, toluene and xylene

The prices of these items are so set that internal rate of
return of BTX extraction plant is to be maintained on 15%. Further,
regarding the prices of benzene, toluene and xylene, reference was
made to the conventional price ratio trend prevailing in Japan and
the U.8.A. (Figure III-3) as well as to the price ratio in Japan
after the crude oil price increase. Thus the ratio of the prices
of these three items have been gset at 1.3:1:1., In view of the
fact that the reformate price will vary depending on whether the
gasoline sale is to be undertaken or not, the prices of benzene,
toluene and xylene will he changed accordingly, thereby presenting
a price structure as shown in Figure III-4.

(3
. o‘o
(ust/kg) 5

10 |
Source : U.S, Production and Sales of Sefected Synthetic
Organic Chemicals (U.S. Tariff Commission}

Kagaku Koogyo Tookel Nenpoo
[Year Book of Chemical Industries Statistics)

Q ..., Japan
u Ao US.AL
§ st
8
Figure I1I-3
Prices of Benzene and Toluene
0 , . in Japan and the U.S.A.

5 10 15 (US¢fke)

Benzene

{a) Case 4-1001,1001A,1002,1003

Benzeno
| 253.8 $/¢
Unifining BTX (0.077)

Reformer I— Reformate =] Extraction [~ Tolucne

135.1 $/¢ 195.5 $/¢
=] 5% =]5%,
=152 {0.695) I.R.R.=15% (0, 231)

1Naphth3
06.9 $/t
(1.0) I.R.R

Xylene
195.5 §/¢t
{0.221)

Gasoline
192 /%
(0.179)

Benzene
| 280.0 $/t

(0.086)

(k) Case 4-400i,5001,6001

Unifining B1%

- Naphtha ——{ Reformer |— Reformate — Extraction {— Toluen(}
106.9 $/t - —18er 147.6 §/t - 215.5 §/t
{1.0) i.R.R,=15% (0.859) I.R.R.=15% {0.265)

Xylene
215.5 $/¢t
(0.277)

Figure 111-4 Prices of Benzene, Toluene and Xylene on Production Cost Base




(3) Disproportionated xylene

‘In the above (2) the pricesz of benzene, tcluene and xylene
were established on the basis of profitability of the BTX extraction
plant, however, regarding the price of xylene to be produced from
the disproportionating plant, the following considerations are taken.

{a) The disproportionating process shall be considered

to he a process plant to produce the shortage portion of
xylene and xylene shall be produced from the toluene which
is obtained from the BTX extraction plant. Therefore, the
price of xylene produced from the disproportionating
process can be set on a higher price level than the xylene
price set for the one obtained through the BTX extraction
plant provided that such a higher price can be absorbhed by
the p-xylene plant.

(b) By deeming benzene as one of the by-products of this
process, the same benzene price as set for the one obtained
from the BTX extraction should be taken.

On the basis of the above considertions, xylene price was
estimated in such a manner that the internal rate of return of the
dlsproportlonatlng process will maintain a level of 15%. However,
if such a price level is adopted the price of xylene to be supplied
to the p-xylene plant won 't be adequate (15%). Therefore, there
may be cases in which the adequate (15%) level of internal rate of
returri becomes impossible for the p-xylene plant to maintain. In
such a case, priority shall be given to the maintenance of the 15%
level of internal rate of return of the p-xylene plant and on such
a basis, the xylene price was estimated. Regarding the practical
price figures, descrlptlon shall be made in the calculation results
for each case shown in Chapter 3 in view of the fact that the price
figures vary from case to case.

1-2-4 Prices of intermediate products to be sold outside the complex

Explanation was made on the prices of intermediate products
to be supplled to the identical aromatics complex in 1-2-3 above,
however, in view of the fact that in some cases benzene and toluene
may be sold to other domestic or overseas market. Therefore, following
paragraphs will explain the price level in such a case.

(1) ' Benzene

At the present stage of the project, benzene can be sold
only to the cyclohexane plant within the same aromatics complex as
far as the Indonesian domestic market is concerned. Therefore, it
was estimated that the remaining amount of benzene will totally be
exported. (If a synthetic detergent plant is constructed, approxi-
mately 10,000 t/y may be consumed, however, such a possibility was
neglected in this report.) Regarding the export price of benzene,
it was assumed that the sale will be conducted to the Philippines
market and the following formula was adopted by incorporating the
policy which was adopted in the Survey on Development of Raw Materi-
al Industry for Synthetic Fibers.

{International Price) - (Ocean Freight and Other Miscellaneous
Charges from Indonesia to the Philippines) = FOB Indonesian Price
(FOB Indonesian Price) - (Indonesian Domestic Charges for Export) =

exfactory price at the newly constructed plant



On the basis of the above formulas the price of US$220/t was
adopted as exfactory price for exportation. Refer to Table III-9
for estimated figures in the above formula. '

Table III-9 Estimation of Exfactory Price for Export Based on International Price

In USZ/kg in 1978

Benzene Toluene Xylene Para- Cyclo~-
xylene hexane
Manila Manila Manila Manila Manila
International 26.1 20.1 20.1 38.3 27.3
Price
CIF Manila 26.1 20.1 20.1 38.1 27.3
Price
Ocean Freight 1.56 1.56 1.56 1.56 1.56
Manila -~
Palembang
Insurance etc, 2.09 1.61 1.61 3.06 2.19

FOB Palembang 22,45 16.93 16.93 33.68 23.55

Price
FOB Cost ' 0.45 0.34 0.34 0.68 0.47
Exfactory 22.00 16.59 16.59 33.0 23.08
Price :

{2) Toluene

Price of toluene will bhe US$165.9/t as shown in Table III-9

on the same basis as the case of benzene. However, as toluene
could be sold on a higher price level than that of gasoline even on
the octane evaluation (in this case, toluene is for domestic sale),
the figure US$195.5/t was adopted as against the gasoline price of
US$192/t by taking the octane value into consideration. When gaso-
line price is taken as equivalent to reformate price as already
described in the clause pertaining to by-products, the toluene
price of US85165.9/t will be taken.

Apart from the above methods of price establishment, the
maximum and minimum price consideration method on the basis of the
Japanese estimated price level is also possible and such an approach
shall be employed concurrently with the studies for assessing the
extent of effects caused by the variation in the product prices by
taking up one representative process scheme. Also, reference should
be made to Tables TIT-7(1),{2) and Table III-8(l),(2) regarding these
prices.



1-3 Utility Prices

‘Table III-10 shows the results of the utility prices which
has been estimated on the basis of the estimation method explained
in Part II. The operational rate of these utility facilities is
taken to be 93%, same as the process plant. Regarding the fuel,
the employment of fuel gas and fuel oil are independently considered

and each relative table separately shows these two cases.

Table I1I-10 Price of Utilities {Stream Factor 93%)

In 1978
In Palembang

Fuel (il Fuel Gas
9.03 US$/ 3.28 US$/
MMKeal MMKcal
Electric Power 30,000 KW - USS/KWH  0.0509 0.0324
30 K Steam 155 t/h " 11.7 5,81
18 K Steam* - " 10.6 5.39
10 K Steam* - " 7.87 4.02
7 K Steam* - " 7.25 .3.71
River Water 1850 m°/h " 0.081 0.077 ,
Filtered Water 1750 m3/h " 0.194 0.183
Deminerized Water 420 m3/h wo 0.421 0.383
Instrument Air - 2400 Nma/h " 0.029 0.025
Inert Gas 480 Nm>/h " 0.064 0.062

* These steam prices are estimated based on effective
enthalpy difference between 30 K steam ’

Chapter 2. Formulation of Project Scheme
2-1 . Basic Policies
2-1-1 Raw material

Pertamina has already revealed the project concerning the
construction of an aromatics complex for turning out the necessary
synthetic fiber raw materials by utilizing various Indonesia-produced
naphtha and is proceeding with the formulation of the relative schemes.

Concerning this project, the types and quantity of the
available naphtha types revealed by Pertamina are as shown in Table
IIr-11. Of the Naphtha shown, Minas naphtha is understood to be
exXcluded from the scope of the raw materials for the production of
aromatics.



Table HI-11 Naphtha Available for Aromatics Complex

TAP naphtha 6,230 BPSD
- SPD naphtha ‘ 2,230
Arjuna naphtha 3,200

Sub Total 11,660 BPSD
MINAS naphtha 3,200
Total ‘ 14,860 BPSD

The aromatics production by means of the reforming of naphtha
is greatly affected by such factors as the properties of the naphtha
to be employed, the extent of the contents of the paraffine, naphthene
and aromatics within the effective boiling point range in particular.
Although the composition of the raw materials revealed by Pertamina
is as shown in Table III~-12, no particular has been revealed con-
cerning the data on the Arjuna naphtha. Therefore, an assumption
has been made that the composition of the Arjuna naphtha is a
mixture of TAP and SPD naphtha at a volume ratio of 6,230:2,230,
i.e., it was assumed that 8,590 bbl/d of TAP naphtha and 3,070 bbl/d
of SPD naphtha are available therefrom. The study will be made on
the basis of this assumption. As the studies which are to be made
in the following paragraphs are based upon the above-mentioned
assumptions, it is specifically understood that further detailed
scrutinizations shall be made anew as and when the detailed data on
the raw material has been confirmed.

Table I11-12 Properties and Quantity of Naphtha

TAP SPD MINAS*

Quantity BPSD 8,590 3,070 3,200
ASTM Distillation °F .

IBP 180 180 180

EP 300 300 300
Analysis v %

Paraffines 34.4 26.0 60

Naphthenes 49.4 40.5 39

Aromatics 16.2 33.5 1l

Note * Estimated from available data.

2-1-2 Plant site

It has been confirmed that the site for the aromatiecs complex
construction has already been selected at the land already secured
within the premices of the Plaju Refinery owned by Pertamina located
in the outskirt of Palembang. In this report studies will be made
on the prerequisite assumption that the plant construction will be
undertaken in the said site.



2-1-3 Selection of the products

‘Pertamina revealed that the production of cyclohexane
corresponding to a 60,000 t/y caprolactam production as well as the
production of p-xylene of 100,000 t/y shall be undertaken so that,
100,000 t/y of DMT will be produced from the p-xylene and TPA
production will be carried out from the remaining p- Xylene.
However, communications from Pertamina since received revealed ‘
'that the circumstances have since been changing drastically for this
project. )

Therefore, the production scheme has been established from
the view point of utilization possibility of the raw material i.e.,
producing,” p-xylene in large quantity by disproportionating toluene.
Of the above-mentioned products the present survey will treat the
processes up to the production of cyclohexane which is the raw
material for caprolactam by employing naphtha as the raw material and
also up to the production of p-xylene which is the raw material for
the polyester fiber production.

Ffurther, regarding the surveys on the production of
caprolactam, DMT and TPA, the relative studies have already been
made within the scope of the separate survey on the Synthetic Fiber
Raw Material Industry.

. In the event that the Minas naphtha of all the available
naphtha should be allocated for the production of gasoline, the
products to be turned out from the aromatics plant which will be
the basis for formulating the alternative scheme will further
encompass the gasoline in addition to the above-mentioned cyclohexane
and p-xylene.

2-2 Various Project Schemes

Each one of the project scheme has been established by the
combination of process plant and plant capacity on the basis of the
given naphtha. .

Such schemes were selected on the basis described in Part II
as well as on the basic policies described in the foregoing 2-1.
The points in which the present Palembang project differ from the
other aromatics complexes are that the sale of the product in the
form of gasoline is also planned. In other words, the Minas naphtha
portion shall not be processed through the BTX extraction but will
be scold in the form of gasoline after going through the reformer.

Concerning the aromatics complex, variocus schemes can be
established depending on how to treat the toluene for which the
demand is not very great. However, when sale of gasoline is intended,
toluene can also be evaluated on the basis of the octane value and
can therefore be sold by being blended into gasoline,

In view of the above considerations, the following cases
of 4-1001 through 4-6001 as well as case 4-1001A were established
as the combinations of firstly whether gasoline is extracted from
the reformer or not and secondly how to treat toluene; whether
treat it with dispropeortionating process and hydrodealkylation or
sell it as it is.



Refar to FPiguresg III-5 through III-11 regarding the process
flow and production amount for each case, ,

(1) Case 4-1001 (Figure III-5)

This case assumes the production of gasoline and the total
quantity of the toluene extracted from the BTX extraction process
shall be fed to the disproportionating process in order to transform
"it into benzene and xylene. In this case, the production quantity
will exceed the assumed extent of Indonesian domestic demand for p-
xylene and cyclohexane, i.e., 144,000 t/y and 61,200 t/yv respectively,
both corresponding to 200,000 tons of TPA/DMT as TPA and 60,000 tons
of caprolactam. '

In this respect, the surplus p-xylene is assumed to be
allocated for exportation and the excess portion of cyclohexane shall
not be produced and instead, the intermediate product benzene will
be allocated for exportation.
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Figure 111-5 Aromatics Complex, Projeét Scheme for Case 4-1001

(2) Case 4-2001 (Figure III-6)

In this case, gasoline production will be undertaken and
?he toluene obtained from the BTX extraction process shall be exported
in the form of toluene or shall be sold domestically in the form of
gasoline. In this case, either p-xylene or cyclohexane will not be
able to fulfill the assumed Indonesian domestic demand and the

totiltamount of these prcoducts shall be destined to the domestic
market.
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(3) Case 4-3001 (Figure TII-7)

In this case, gasoline production shall be carried out and
the toluene obtained from the BTX extraction process will be totally
converted into benzene by the hydro~dealkylation process. In this
case, the p-xylene production amount will be short of fulfilling
the Indonesian domestic market, and shall be totally destined for
domestic sales. Regarding cyclohexane, the production amount will
exceed the scope of the domestic market, thereby realizing a large
quantity of benzene exportation.
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{4) Case 4-4001 (Figure III-8)

Iin this case, no gasoline production will be undertaken and
the total amount of the toluene obtained through the BTX extrac?ion
process will be converted into benzene and xylene through the dis-
proportionation process. As in the case of the above Case 4-10015
a certain extent of benzene and p-xylene exportation will be realized
however, in view of the fact that the gasoline portion has also been
‘processed through the BTX extraction process, the exportation amount

will obtain a considerably high level.
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{5) Case 4-5001 (Figure ITII-9)

) In this case, no gasoline production will be conducted and
the total amount of the toluene obtained through the BTX extraction
will be allocated for sales outside the complex. The production
amount will be slightly short of the Indeonesian domestic demand for
cyclohexane and p-xylene.
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(6) Case 4-6001 (Figure III-10)

‘In this case, no gasoline production will be undertaken and
the total amount of toluene obtained through the BTX extraction
process will be fed to the hydro-dealkylation process. The excess
benzene amount will become exceedingly high and a particularly
difficult problem will be present in the way of exporting such excess
benzene.
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{7) Case 4-1001 A (Fuguire III-11)"

This case is a transformation of Case 4-1001, In this case,
the domestic demand for p-xylene and cyclohexane is firstly satisfied
and thereafter, the establishment of the conditions were made by
targeting at the enhancement of the level of overall value addition.
In other words, gasoline production will be undertaken and then, in
order to obtain sufficient amount of xylene and benzene to satisfy
the Indonesian domestic demand for p-xylene and cyclohexane, a
part of toluene shall be fed to disproportionator. However, in
this case it must be noted that a slight extent of excess in
benzene will take place when intending to obtain the necessary
amount of xXylene and such an excess portion of benzene shall be
allocated for exportation.

Apart from the above cases, another instance can be con-
sidered, for instance, a case in which a small capacity hydro-
dealkylation plant construction is undertaken in order to secure
the shortage portion of benzene to Fulfill the c¢yclohexane demand
however, such a plant will not generally attain an economic scale
of production and therefore these schemes are deleted from the
present study.
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Chapter 3. Economic Evaluations for Each Case

3-1 Comparison of the Cases as a Whole Complex

,The results of evaluation conducted for the Cases 4-100l
through 4-6001 as well as Case 4-10012 in accordance with the method
_described in Part II are shown in Table III-13. Due to the fact

that an assumption has been established that the marketing of toluene
is possible to be undertaken at the price level higher than the
gasoline price, a higher advantage is obviously available for the
Cases 4-2001 and 4-5001 in which no processing is to be undertaken
for toluene and the sale of toluene as gasoline is to be carried
out. Further on the whole, the cases in which the extraction of
gasoline corresponding to the Minas naphtha porticon have shown
favourable economic viability. On the contrary, tight economy is
present in the cases in which the total amount of toluene is to be
processed by the disproportionating process or by the hydro-dealkyl-
ation process,

The following paragraphs will explain the standard production
cost for the individual cases, in which fuel o0il is being employed
as the fuel.

3-2 Production Cost for Each Case
3-2-1 Case 4-1001

The standard production cost for this case is shown in
Table III-14(1l). The figure I.R.R.=14.7% for the whole complex seems
to be on a reasonably high level, however, the price of xylene to
be produced through the disproportionating process is controlled
at US$333.2/t in order to maintain the 15% I.R.R.level for the p-
xylene plant. Therefore, the I.R.R. of the disproportionating plant
becomes a low level of 7.5%.

Concerning the cyclohexane plant, exportation for which low
price shipping must be undertaken is not considered and therefore,
the relative I.R.R. appears to be extremely favourable, that is common
to all cases.

3-2-2. Case 4-2001

Table III-14(2) shows the standard product cost for this case.
This case displays the highest level of I.R.R.=24.1% of all the
established cases. This has been due to the fact that, gasoline
sale is undertaken and also toluene is marketed in the form of
gasoline. Further, no exportation is made for p-xylene and all the
products can be sold on a high price level, thereby presenting a
case in which the presently established assumptions have shown the
best outcome. However, it must be noted here that in this case,
certain problems will exist in that the production amount of the
p-xylene and cyclohexane is not sufficient to cover even the
Indonesian domestic market and also, that there exist a large guantity
of toluene for sale.

3-2-3 Case 4-3001

The overall I.R.R. becomes 13.5%. This has been contributed
by the assumption that on one hand, there is no p-xylene exportation



*A3T77oBy A3TT73n FO 3500 UOTIONIISUOD FY3 IFA0D 30U $90p JUBWISIAUT TEIOL ¢

@muHOQE...n agq o3 AWSG._”EV - > 930N
L°ez c 91 g*og 2791 1°0Z ¥ ot A ¥ A % aseq BR-AR- G
ses
L5L°88 SE9'LT ekviog 26581 ZeE‘1z B89.°'8BZ 6.8'p2 wmoH Tang BL6T
UT 37303d
20 L°8 L£°61 L8 (2 20 § 1°¥2 9 ¥l % aseq "E°UTI
_ . . 110
S59¥° 02 (s103- 2 £00°‘81 EFT‘9 (A1 A (437 ¢4 BV 1 wmoa Tond BL6T
ur 3130ad
T9E'6LT Yot 'Zel 028“991 mwﬂ.ﬁmw 0TE’'SLT £66 15T 81C01¢ wmoa JUBUISIAUT TRICLy e
08L'D1 0BLPCT 0 0EL'09 S0E‘Q0T 0 B8b ‘st A/3 s9Tes suszusg
068 ‘ER 0 00% ‘091 o 0 00E’ LET 0 /3 saes auanyol
HOT3RPUGTY uoT3IeTAN UoOTIRUOTY uoTieTdy uoTIeUOTY
~xodozdst@ -—Teag oxpAH - -zodoadstd -Teag oIpdH - —xodoadsta suantog
0 0. 050°9-~ 0 0 09T1'21-» O /3 [ xEHD
0 0] 4 ™ Ov6°'1-» 0ob'sL OLL'SZ —» DLL'SE—= 005 0% £/3 |Xa Jaodxy
0oz ‘19 Qo119 051'ss ooz'19 00Z ‘19 0oyD'6 ¥ 00T ‘19 A/% | ¥HD A3voeded
000 ¥l 090°'THT 090°Z¥1 oov’'se1z 0ET’'BIT 0€Z’BT1 00S*¥81 £/3 |Xa ucTIdNpoId
00Z°'19 00T ' 19 Q0z’'19 00Z°'19 00Z ‘19 A3 |y
000°#¥1 000‘P¥T 000 “¥¥1 000 F¥T 000 PFT 000 *PPT 000 ¥ 1 As3 lxa 39NIEW OT3szUWog
008’901 - - - 008°901 008°90T1 008 ‘90T A3 §9[ES SUTTOSEED
swalxT
Yiooi~-¥ 1009-% 1005-F T100¥-% 100E-¥ 1002-+ T00T~¥ "ON ased

| 9SE) ey 10§ ANJIgEIA Slwouody Jo uospedio)) ‘xajdwor) dyewIory

E1-1I 2191,

—48—-



m 0°9Z¢ L AN:TA4 Z°EEE g seT S°S6T 8 ES5T T SeT 3/% 90Tag soteg
0°1¢ 0°0¢ 6°9 9 8 9°8 [ 2’6 3/% 3TI0I4
3200
0°56¢ ¥ 80v% £°9ZE 6°98T 0°981 9°Zve 6° 82T 3/ (U0T3onpoagd [el0L
8°6 6°¢1 9°g 0°1T 0°T E°T % /4 3500 IR0
| S X4 9°-89 070L 0°LT 0°LT 0°¢e 9781 3/3 3800 PaXTd
380D
1°29c 6°92¢ L7082 67891 6°89T £°612 2 E0T 1/% 27qeTaes
XHD X-d auaTiAx suaTix suanyol |auszZuIg |9j3BWIOISY {s)aonpcag
uInjay Jo a3ey
91" 0 EvT0 QST 0 SLOTO 0ST-0 ¢T°0 TenIsjur
!
88v'p1 968°'1 BESE'S CES 6L8°2 €28°¢ A/Se01 3313oad
" . USRS TAUT
8IZ‘0TZ} LBS’'9 152’98 £g9‘ee Y80 EE £99°15% mmOH =a0%
12303 | jueld UQ[3RI |UOT3IEBUOTII uoTaoRIXT XId INIOI Y 3TUN swey jueid
. ¥Ho i-evdes xX-ag -odoadstqg
® uotqgez
-TIBWCST

(1001 35£D) S1MPOI4 YaTy 10] 1507 UoNINpPoId

(D#1-111 219eL

—49—



0°9Z¢ 0°95% §766T 57S6T B ESZ T GET 3/% JOTIg FaTRs
0°bs G E0T 98 a's 21T 2°6 =N FEI0A4
380D
0°ZLZ 0°ESE 6°98T 6°981 g Zve 67621 3/$ {HoT3INpoIgd Te3log
]
—‘ .
8°6 LTET 0T o°'T £°T [ 4 /5 3500 IS0
2°sZ 0°6L 0°LT 0°LY 0°ge g8l /4 3}BOD pPexXII
350D
0*LET ET092 67891 6°891 £°612 ETE0T 3/% aTqeTaR
XHD X-q suatdx | ouatiy | susnroy suazuag |sjEUIOISY {E}3onpoay
uIniay Jo o3ey
%270 65°0 EE°0 0sT0 ST°0 TeuIsjur
ZES'TZ 6v9°2 I8T¢ZT 6LB'E £€28’¢g &/800T] 31304
_ JUSUISDAUT
£S6°TST| SLE'S | TEB'Y9 80 ‘€L £99°1S 3,01 12391
1830y | JuRid UoT3IEeI UOTJIBUOTIRI UQT3IoRIFXT XILE I9UI0T Y 3Tun sueN jueid
XH) j-edas X~-4 -odoadstq : ’ ,
9 uctlez
~TIBWOST
{1007-¥ 25E)) sponpolg Yoy 10§ 1507 uonanpoig (TF111 98],



and, on the other, the sale of gasoline is undertaken. 1In this
-case, there is a necessity for conducting export of a large quantity
of benzene and, unless the benzene export price can be raised, the
economic viability of the hydro-dealkylation plant will become
unattainable. Conversely, if it is intended to make the hydro-
dealkylation plant economically viable, it would be necessary to
absorb at the cyclohexane plant the production cost of benzene,
however, in such a case, the cyclohexane plant will not be economic-
"cally viable. This being the circumstance, it can be considered
that this case is not viable in this stage and on the established
assumptions. The description of production cost for this case has
been, therefore, be deleted.

3-2-4 Case 4-4001

In this case, the total guantity of toluene including the
portion which would otherwise be allocated for gasoline shall be
passed through the disproportionating plant and therefore, the export
amount of benzene and p-xylene will be high. Therefore, the overall
I.R.R. is on an extremely low level of B.7%. This being the case,
it involves vital prlblems as a case for an enterprise., Thus, the
cost description have been deleted here.

3-2-5 Case 4-5001

In this case, in spite of the fact that no marketing of
gasoline is to be undertaken, the overall I.R.R. is on an extremely
favourable level of 21.3%, however, as in the case of Case 4-2001, :
the economic viability will be greatly affected by toluene sale,

Table III-14(3) shows the relative product cost.

3-2-6 Case 4-6001

In this case, the absence of gasoline sale is added to the
conditions applied to the Case 4-3001. Therefore, it has been
judged that this case will not warrant any enterprising. Thus, the
relative cost calculation details have been deleted here.

3-2-7 Case 4-1001a

In this case, an establishment is made that the internal
rate of return will be maximized after fulfilling the domestic
demands for cyclohexane and p~xylene. The internal rate of return
is on an high level of 20.6%. This has been due to the fact that
the Indonesian domestic demand is primarily fulfilled and no pP-xylene

will be allocated for exportation and further, the low-cost export

will be made only for a small amount of benzene. In addition.to

these advantages, the excess toluene will be marketed at a price

level equivalent to that of gasoline. Although there may be a

certain extent of problem in carrying out the benzene exportaylon,

the export amount itself is small and therefore, the @nterngtlonal )
marketing can be easily attained in spite of the possible difficulties.
The standard production cost for this case are shown in Table III~-14(4).

Of all the cases described in the foregoing covering the
Cases 4-1001 through 4-6001 and Case 4~100l1A, further detailed
studies will be conducted by selecting Case 4-100lA as having.a.
high level of internal rate of return and as having the capability
of satisfying the Indonesian domestic market.
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Detailed standard production cost calculations

3-2-8

-Concerning Case 4-1001A, Table III-15 shows the standaxd

These data were the

production cost calculations for the year 1978.

Table III-l4(4).

in

details of data shown

&' 2100 ZZ-w0=wi

- V1001 10§ 350D UOLINPOI] PIEPUTIS

{ “o 1 { ¥y3s 0T ) 140d¥3 40 ALILINYND viOl 1
1 o_, 1 ¢ yy3s 0T ) 1¥0dx3 40 537§ wiol !
1 onu.o 1 INIWLSIANI NO NUNLIY 40 31ivH IWNHIINID  w'e*) ]
1 . ¥10°0 1 CINIWLSIANT TvlOLl 7/ Xvl 3804389 L140Md L3N) }'O'w I
1 o1’ ¢eT “aan:.nn 1 IvioL SIS I
I 0:0 o 1 L¥odX3 04 S35 = |
1 o.n.n_n.__. 59¢veice 1 LINHVYW D1153W0Q 404 SIT¥YS # 1
1 9z's ‘ozrezec ! - S507 2 L{J0ud 1
1 81627 “o!.nnoun 1 1500 NOJLDNQOWd ylol |
] co'v LLCEEL9T 1 nOLLYBISINIWOY ¢ |
1 6.0 0 { NOILNgiuiSla « |
1 «o. T .uauon.:. 1 viol 150> g3Xld ¢ 1
1 st T5cL06 | QYIH=NIAD INYId 1
1 190 ‘CLeTeZ | tan? 2 Lavdx3 tan) 61 T30 Hoavn 1
1 o__..n mitivIx4 1 : L5IHIING 1
1 T8 "oeo.?an 1 NOIlvl33¥d3g 1
1 890 €19002 t FINYENSNT T XVl 1
1 ov't ‘TEYEDY 1 FONYNILNI YN 1
H LTI c0T ' L¥G0992y 1 VLOL LSOD FDBYIMVA ¢ ]
1 0‘0 ‘o ] (NOLZ "0 0°0 ALvAoY SNINNNY ]
1 .Z.He LTGYvET ] s3111711N i
1 t'o ‘2¢94e t STT'0 Y3HL0 1
1 ‘e K{1i{1] 1 "99v%620T 0TR0'0 (NOL/NQLY 969°'#2 ‘g 1
1 0.0 ‘0 1 ‘o 0294°0 (NOL/NOLY 0% L L L] |
1 0‘o ‘0 1 ‘0 0062*9 INOL/IVDIWW)  0'0 1204 1
I vz 206926 1 ‘eRTéL 000L°TT (NOL/NOL) Z6T'D Wy3Ls I
1 w0 11119 I *908CTHZ 0cco40 (NOL/HMY) TZ2E'9 d3 1
I 906 ‘ogOvTLOY 1 S1ONGOYdAR 7 IvIHILYH Mvy {
4 6€°0 ‘L9C6CT 1 (NO1Z/ '70) 6CEE*D HIHL0 1
1 gL' C= ‘CEIRYST- ] 'CEv9T- 06°<e &£6€0° 0= NIS0HTAH 1
i 92~ ‘1EeZ00T~ t ‘e900c- 00°9¢ L2L0'0= 5¥9 q3nd 1
] v b= ‘10LZ9wd2= 1 ‘Lig90T- go'zat LLEZ 0= IN[IOSYD !
1 T6'EET ‘09Z8v9Lo 1 ‘00%S5% 06°90T INDL/NOL)Y 66E%°'T YHIHDYN 1
I (NOLZ ') (A7 "0 f CA/ZNOL) . i
I 1803 LINM 1503 yONY 1 ALILINYNS TynNy 321dd LIND QA0yd7 “SNOD LINN 1
I 1 1500 NOLLONQOHd 1
1 *ST9Z9915 1 INIWLSAANT vlol |
|} ‘CeTLenTT. I Ivildyd ONIYHOmM & |
1 ‘ZEPSILGE | vlldYd a3xld s 1
1 'ZCOMEC 1 *ISNOD ‘MNQ 1S3HILNT 1
I ‘991TLIeT 1 3SN3d%3 ‘n3do=34d !
1 'ZLOLTY 1 Al 1
1 "PCISECE 1 31152440 1
I ¢ 'I0) ‘OCLYLGeE 1 INYd $5330Hd 1
“ 1 INIWLSIAN] T

1 1
1 0£6'0 f dolovd Wy3uis |
1 50°LLsT 1 NOILONHLISNDD 40 IWIL |
1 'COEETY 1 NOLIONA0Ud TvNNNY |
1 LA/NGL) '629%vy I AL1IvdYD INYId |
I 1 FLINHOAIY LONgoHd 1
I 1 YIWHOITY $5330kd |

2 = 3I5yg 0334 HeXtl'g = InyN WyIHLS L = ON Hy3HlS T = ON LINN T1DYROHY = IWyN 1300W

SI-11 319EL



‘0

# ¥ “ ¢ My3A 0T ) 1HOEX3 4o ALIINYNS TviOL |
¢ . t My¥3r DT ) 1HOdX3 40 537¥S Ivi0L !
0510 1 INTALSIANT NO NHMLIY 40 FLVH yNHIFAND)  H*H'D |
! . ig0'0 1 CINSWLSIAND IvLOL 7 Wyl 380439 L1140ud Lan) ['O'w
1 z8 E0Z .fmmmnmw o . Iriol S3WVS |
1 05,561 (6LTTLESE I "6¥¥lET INTTAK~H 1
1 05561 Tzoec¥sz 1 et . INIVIOL 1
! gi’cez 'oL9tLeTl I -otsst INIZNIE ¥O4 SIS * |
1 668" 'rOLRLRZ 1 §507 7 Li1404d I
1 v8 ¥6 1 ‘tozLovze 150> NOILONOONA TviOl [
1 8071 ‘olZink 1 NOlLyulSiNingy = 1
! 0 ' 1 NO1iRgINLSIG » ]
1 §9°L1 'grLvgog ! Tviol 150D @IXId « 1
i L ‘eR0ZTE 1 QY3IH=Y3A0 LNYIZ t
1 w1 13351 1 taWy 2 luvax3 (ga) *T2 o HO8Y 1
] 9L°s 'LEZeeRt 1 - 15383UN] 1
1 £ET9 6T06207 I NoflvId3¥d3a !
1 150 ‘9CCY9T ! IDONVHNSNT 7 XYL 1
g o'l “un__.n.nn 1 FINYNILNL Y 1
I 017941 12250495 i IviQl 1S0D IGvidvAa & ]
1 ‘0 9 I (NOL/ *TG) 0*D ALlvaoH aslNnny {
1 z9:Z¢ ‘LLyRywoT 1 s3[LI1LN 1
1 110 eossc t X 9Lt 0 u3Hio 1
1 e ‘68660TY 1 *99¢CaLEY gteato {NOL/NDL) £5%'DOC n'g 1
{ ‘0 ‘o 1 '0 : 029%*0 (NOL/NOL)  0°0 M I
I BI'Z " ‘eg0L69 I *6Te0IT 00629 CNOL/TIWDaWNY 0Ce*2 3n4 1
1 91*se- Q210908 { "00e9e9 000L*TT (NDL/NOL) %OT*CT Wyils 1
1 oL 1 175174 1 ‘29296201 0¢s00 (NODL/HMY) B%L°C22 d3 I
I 8y EPI1 'YPLIS6EY 1 SL3000HAAS T TeludiyH Ava 1
1 91’0 'SLZTs 1 (NoL/ *70) 29211 y3nio !
! 60" 1€~ *L60LEE6~ ] *e91EE- 06°90T 92¥0" 2= EILSELL 1
i I YLl ‘99 YRRCE 1 'SOEETy Al 141 INOL/NDLY 299076 Flwhoday 1
I (NOL/ ") [F VR [+}] T CAZNOL) . I
1 180> 1Inn 1500 ANy ] ALIINYOR DNY lud LINN qoud/ *SHED LINA i
H AOVHIAY H L1503 NGILONQONd |
1 * TEVPROLE 1 INIWLSIANT TvlOL |
1 ‘cLo0tsot 1 Ivildyd ONIXHOm * |
1 '9gEPST2E 1 ArLidYy qixis # [
1 ‘Z9iveRt 1 *1SNQD uNg 1S3IHILNI 1
I 'CO0L960T 1 3ISNIdX3 *yId0=Tud 1
1 ‘oLOle2 1 ghiva §
1 "yZCURYC 1 3115=240 1
! ¢ ') ‘969T9ecT I INYId S5320Hd !
i 1 INIWISIAN] “
! t
1 ace'n t HOLDYA WYIMAS |
I 60°LL6T I MO{LONMLISNOD 40 FWIL
I ‘0T96Y 1 NOILDNJONd TI¥YNNNY |
i CA/NDLY ‘EvDdbw 1 ALTIVdYD INYTd |
I 1 X1§ WOH4 INIINIE 1JngoHd |
I 1 NOTLIvyLYT 1S §S33Hd 1
. . —— - — ——— ——
£*%1'00 z2-vD-v:f ¥ = 3g¥E 0334 H-N'1"8 = IN¥N WYINLS L ™ DN WY3WiS Z = QgN LINM TYIYROYY = 3WYN T3I00W



]
¢

‘o 1 ( ¥v3A 0T ) 1¥0d¥%3 40 ALILNYNS viol |
' 1 ( dy3A OT ) 1H0dX3 40 S37¥S TvlOL !
0510 1 INIWLSIANT NO NuNLIM 40 3LvH WWNY3LNL)  H°d°D |
£%0'0 1 CINIWLSIAND VLI0L © 7 Xvl 380439 11408d 13N) 1°0°¥ |
z8°06€ ‘SYBOTLTT 1 Tylol 53WS 1
0'0 ‘o 1 LlHod¥3 ¥04 53Tvs = |
ZB*06E 'SHROTLTY 1 1334yn 31153400 ¥OJ SIS » |
T ye ‘eresz0t 1 - 5507 9 L140Hd |
BS* 9SE ' LZ0SE90T t 1503 nO1L9Na0Nd vlOL |
19°s "GCTINT I NOTLVHLSINIWGY ® |
m.o ‘0 i NOILNGIHLESig 1
L8001 3340 I Tvlol 1500 gaxld = !
£8" 91 '0TZv0S ! - GY3IH=YIAD INYId 1
SEr6 *iTTONZ 1 taW) 2 LHYX3 g LT 01 ¥oayY t
S9+ 0z *COZ6TY 1 15343IN] 1
L2z ‘Ovi99ZT 1 NollvID3ud3o 1
¥ £ “9CTHOT { 3INYHASN] 4 XVl !
oL ZETRET 1 FINYNILNT VM 1
0L 0ST OLIZTSL 1 vlol 1509 3davidva = i
00 "0 1 t(NOLY "MQ) 00 AlYYAoH SNINNDY 1
€Liz9 1CTLISLNT 1 53111114N I
90 ‘06T 1 (TL1) ¥IM10 1
St 1 ‘99cts 1 *LEev9ed 01800 (NOL/NOLY ZLZ*62 ueg t
00 ] 1 ‘o LA TR tnol/noL)  Q*C IS ]
so‘e ‘ZEETLE [ 'SCICY 00629 CNOL/VDARAH) C66°T 13n4 t
6T EY ‘eTCLE2T [ ‘ZeeOTT 000L'TT (NOL/NOL) TZ0'S Wy3ls 1
Lra 13 Lo e I "TevbIor DEgO'0 {NOL/HRY) T9T'602 a3 1
L6+ 487 - L5STESS 1 S1INO0HAAG 7 IWIHILYW AVH 1
L6° LT 1518€8 t tNoL? *0) 00L6™ L2 HIHIO 1
06° 1~ .Swmm. . 1 ‘ecse 06°90T - TAGN ] ALYN] 4vH 1
L0 (81~ ¢ 95— | 9802%a B ELST oLELTa - HIZNTE H
L9'0 ‘26002 1 ‘et 06°C6 1200°0 NISOHAAH 1
Of*BYE ‘ocieCYnT 1 ‘secke 0g°ceT (NDL/NOL) S18L°T aNanTol 1
INCL/ ) (FYARL T [ CAZNOL) - 1
103 LInn L1502 I¥ANY 1 ALILNYAS YONY F314d LINN Qodd/ *SNOY LIND 1
1 1503 NOLLDNQoNd |
12414431 1 INTHLSIANT tvlol ]
‘ECOERET 1 Ivildyd ONIxuom & |
ZIZIEBET 1 SWLIdYD gINld = i
sITeceTt 1 *LSNOD ‘HNQ LSIYIIND 1
VELGLOL 1 3ISNI%I *y3do~And i
'oLCLeY 1 oYl H
‘TeRLECC 1 L1S=440 !
¢ ) ‘cisvels 1 INYIg 55320ud 1
1 LNIWLS3ANL “
. 1

0ce'o 1 HOLOYS WYIULS ]
€0°LisT I NOJLONHLISNGD 40 3AIl ]
'GOEEZ 1 zo_»u_.__moxa ._H.._z:u “

A "OZZZE 1 L1Ivdyd INYT
tA/N0L) 1 ‘pMdS1Q WONd ANATAX 1ongokd |
1 * NOTLYNO]L0H4SIG §53704d |

& ot o et 2w St o e o B G B b -8 B 1 B B e e e e e B P B g e e o] 0 1 8 2t 1t 0 e e e

691100 ZZ-vO=vl

2 = 35v9 0334

QeNINTOL = YN WYIHLS

9 = ON Wy3dlS [

= ON LINN TIOVYROHY = JHYN 3008



L2 » >
1 ‘a 1 . ¢ dy3s 01 ) LHOJXT 30 ALILNYOS Tylol 1
1 ‘0 1 ' “C My3A 0T Y 1H0dx3 40 53vS viol
1 2e2°0 1 INIWASIANT NO NHNL3H 40 3Lvd yNyILNDY  yrH'l
1 YET'Q 1 CINIWISTIANT TvlOL 7 Yyl 3HOJ3E L140Hd 1and  1'o'y |
1 00" 9%+ 'Q00¥99¢9 i viol §37vSs |
1 o'o ‘o | ] 1lupd¥3 ¥O4 S3WS » 1
1 oo“an¢ 'o00v9959 ] - 13aMYW 3153400 ¥O4 SAvS » i
1 2019 ‘Teitc9s 1 §S07 2 1[408d |
- - - >
1 95t 99¢ ‘e¥TETO9S 1 1500 nOli3Ngo¥d viol |
H 29°¢T ‘QLeEY6T i KOILvuISINIWGY &
1 0’0 ‘0 1 NolLlNglnlsia |1
1 18 el *yeiTolOT 1 Aviol 1502 Q3Xid * 1
1 e ‘ocezLL 1 QYIH=HIA0 LNYd 1
1 [ 195 4 Hii114) 1 (gh? ‘¢ lyvgx3 (g~ 1€ Ivao HoAY 1
1 0o'et TE2TeET 1 1S3MILN] 1
| 1070w . M 1T417X7 -1 NO!LlY1>3ud3ag 1
1 ({38 ‘06989 I IONYHNSN] 7 XYL 1
1 cv's "vC6TRL 1 INYNILNI YW i
I &66°00¢ CERTHCCH I Tvlol 1503 3davIidvA = |
1 o'o ‘0 1 tNOL/ Y [+Ad] ALTYAQH DNINNNY 1
! ety K14 1114 1 $31117110 i
! 6T'0 ‘zéLle 1 €6T°0 HIHIQ H
1 $%°0 'SR0%9 {1 ‘0zeloe Q1800 (NOL/ROL) 085°G s i
1 ¥0°0 194 1 *oLczt 0Z9%*0 {NDL/NOL) 980°0 M3 1
I 0T'¢t *Telecos 1 *o2¢t09 00629 (NOL/TIYDaWW) 08g°S 13n3 t
t 10° T ‘eZlveT- 1 ‘'oLgeI- ‘0004 TT {NOL/NOL) 990°0=~ Wy24s 1
1 09'9 09206 | *Ows626LT 0gc0*0 (ND1/HM3) DTG 92T d3 1
! 19'652 fLI9EECLE 1 S1LIN00HEAS 7 TyiHILyW AVH 1
] cL'e ‘O2TLERT 1 (NOi/ *T10) OOcL'E H3HLO H
| 9T LT~ *el9n vz~ [SRY44{¥ L] 06" 90T 5097'0~ ILYNTHvH {
1 ot'o ‘ellel O B 1 06'Ce 17000 NIDOHOAH !
1 €6'L92 'GETTRLHC [ SeTelst 9% 0gT (NDL/NQLY 929T°T INTTAX=H 1
H tNOLY ) (Y AR )] 1TA/NDLY . 1
1 1503 LINN 1500 kY 1 ALLLNYNG T¥YNNY 32Ted LIND aoue/ *SNOD LIND |
I 1 1503 nOlidngoud |
- - - -
1 "$9ZS06TL 1 INIWLSIANT vioL |
1 ‘0006660 1 Trlidyd ONIANOM & |
1 ‘¥R190629 1 Ivildyd q3xlg ¢ |
1 ‘961C625 1 *LSNOD 'MNQ 153HILINT 1
1 ‘20942%2 1 3I5N3IgHT *HIdo-3ud 1
! ‘p2TECH 1 any !
1 *600C2T2T 1 31]5=440 1
1 € *70) *09Z9222Y ! INYTd 553304d I
f 1 ANIWLSIANT |
1 1 1
1 o¢6'0 1 HOLovd Wy3H1S |
i 60°LLet 1 NOILJNHLSNGD 40 3W1L |
i *000%eT 1 NOTLONQoHd ynNNY |
1 (A/NOLY ‘6EfwcT ! ALlJvdvd Invie |
1 1 INTIAX =YYV 12nqoug |
1 1 ‘HIHOST 9 NOTLvHYd3s X=4d 5535044 1
&°vT'00 22~ 1T = 35v9 0334 d+3N3TAX = INYN AVIHLS v % ON WY3NLS v = ON LINN TIIYROHY = IWYN TI00W



>

]
+

! 0 ! { ¥v3Aa 0T ) - 1ND4X3 30 ALIANYND TvlOLl )
I ‘0 1 ¢ HY3dA 0T ) 1M0dx3 H0 $37vS vicl 1
! ‘85'0 1 INIWLSTAND NO NHENLIY 40 3ivd JyapadsD) w'¥°l
W SL7'0 1 CINIWISIAND TivlOl / Xyl 3H0J38 1140%g V) 1°0°HW !
I 00" 92¢ *O0ZTE66T H - tylgl 530S !
bt | 0o ‘0 | - i¥pdX3 #04 S3vS & ]
b c0*92¢ '00ZTC64T 1 13uuvA DILS3INWDIG w04 S3WS «
3 9£‘0% *9S6180€ 1 §50% 7 1lioud 1

L d M -
H ¥9°SLT YYZ6on91 1 1502 NO[4y0daud “wiol [
1 L6 114711 i : KOTLYHISINIWKGY = ]
1 0'0 ‘0 1 Na1LgIuIsSig »
! g6’z *CCIv0eT 1 . . Lol 1500 gyKta e |
1 06*¢ '9eCief 1 QYIHHIAQ Invd 1
i 8z’ 1156002 | QW) 't 1yvdxs an) ‘et I07 HOBY 1
! £TtL tZ9GLCy -1 LS3u3LIN] 1
1 F{ LU ET4 7.1 SO S . . NOILY53Hd3] 1
) 1+°D 13174 1 ) i FINYHNSN] 7 X¥YL 1
1 &0'0 ‘g2ee 1 . JONYNIINIYA 1
1 16°2%2 -SL0998PT 1 ) Tyiol 1500 3d9viHYA * ]
1 0'o ‘0 1 . tyol/ *0) 00 AlTviaY onlnnny 1
1 SbT9- SIES6€E~ t S311171LN 1
1 gz’ *6TZET 1 912'0 : H3HL0 1
1 ce'o *geLTz 1 '6CtYeZ 01800 (NDL/NDLY 9IC*'% g 1
1 ou'0 i (‘LT 1 Y9T9Z¢ 02940 {NOL/NDLY €98°'0 A*3°D 1
1 .p'0 ‘0 1 ‘0 TQ062'9 CNOL/I¥2aRAY  D°0 7304 1
i ¢g'g- ‘OTI086— [ *902% . 0oaL'TY NOd/nal) €6L°0- WY3LS H
1 1 ‘0299 1 '0Z6L29T ocso*0 (NOL/HMY)Y 00992 <3 1
1 1€6%2 *p6ETRZET 1 : S15NQ0HdAS 7 TWINILYW MvY !
1 99°0 ‘26E0y 1 {NQLY *70) 0099°0 HE L) 1
1 2L'e *294TTY [ *Tecy 06'C6 9TL0'0 KIDOHAAH 1
! 66°TYZ ‘orceneeT 1 *9Ts9¢ 0z 092 (NOl/NDL) 00%56'0 + 3ANIINZE 1
1 tnorz *m A 00 [ eAsNOL) . 1
1 150> LINA 1502 WANY [ ALLINYND TynNY ADldd LINN aosd/*Sxod LINN I
1 | . _ 1502 NOlLlONdodd |
1 - LEGBAPS 1 . ININLSIANT viol ]
! *ZRCVELT 1 TIrlldvd) ONLYHOR = ]
1 "EESYSSE 1 ! Ivlidvd a3xid s
1 *Sa066T 1 TASNOD ‘¥NG 1S3NIING 1
1 . ‘950651 1 3SNIdX3 *dIep-3d 1
1 * 'y098¢ 1 asvl 1
1 . 'Rolset 1 3115-440 I
I . ¢ '0) ‘secZelz ] . INYd §53504d 1
x 1 : INIWLISIANT -
i ' 1 I
1 YT o0ge’o i a LOLOYd HYFHLIS
1 . 60'LL8T 1 . NOILONHISNDD 20 Wil ]
1 ” TR 'oeTe ] NG1Londoed Twnssy |
1 {A/NOLY '908¢€9 1 ALTIVAYD Invid |
H ] . ERYRZU=DTDAD 1onaoud 1
1 ot ’ 1 © XeD 0 NOILYNIDOHOAN - 7 §5320Hd I
* - >

5 4T00 Z2=0=4L T D4NIINIG = JHYN HYIHLS T = ON Wy3uis T = ON LINA TIOVHDYY = FKYN 1300W

= 35¥8 9334



3-2-9 BTX prices on profitability of hydro-dealkylation and
disproportionating processes

Through the present studies, a result was obtained that the
economic viability will be low when the total amount of toluene,
obtained through the BTX extraction plant is processed by either
‘the hydro-dealkylation process or the disproportionating process.
The benzene, toluene and xylene price ratic has been taken at 1.3:
<1:1 on the basis of the past price structure. It should be con-
sidered here that such an asgumption involves element such as
explained below.

Toluene marketing generally involves a number of small lots
and therefore, there is a possibility that the apparent price level
becoming high. On the other hand, the prices of benzene and xylene
should be regarded that the sale of these products is usually for
bulk demand and therefore, is controlled in terms of the relationship
with the users. Further, the price control administration was
effected in such countries as the U.S.A. 1In view of the above,
the prices of benzene, toluene and xylene have been studied here
in terms of the profitability of the plants.

Figure III-12 shows the prices of benzene and toluene
established in such a manner that the internal rate of return of
the hydro-dealkylation plant shall become approximately 15%. (Refer
to Table III-16 regarding the production cost calculations for
Case 4-6001.) :

3t
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Figure [1I-12 Benzene Price Based on Hydrodealkylation Process
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Figure III-13 shows the relationship amongst the toluene,
-benzene and xylene prices in the same manner regarding the dis-
proportionating plant. ‘

Banzane Mice 3t
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Figure III-13 Xylene Price Based on Dispi’oportionating Process (Fuel Oil Base)

In one point of view, the above-mentioned two conditions
would be mutually interrelated and will 'be studied as described in
the following paragraphs.

At present, in countries where aromatics complexes are
operating, the hydro-dealkylation plants are in existence and, on
the basis of the toluene price, the benzene price which warrants
the economical viability of the hydro-dealkylation plant will be
estimated as shown in Figure III-12. An assumption is made here
that this price relationship shall apply to all the cases. On the
other hand, when the disproportionating plant is considered, the
benzene price will be automatically estimated when the toluene price
is obtained. Thus, the price of toluene which is the raw material
and that of benzene which is one of the main products will be both
estimated and, by means of setting the internal rate of return of the
plant at 15%, the price of xylene which is another main product will
be estimated. By extending this idea to the BTX plant and the
reforming plant, the price relationship amongst naphtha, reformate,
benzene, toluene and xylene can be estimated as shown in Pigure
I1r-14,
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Figure I1I-14 Prices of Intermediate Products on Profitability of Each Plants

on the basis of this figure, the prices of benzene, toluene,
xylene and reformate will be obtained by predesignating the naphtha
price. Conversely, a criterion will be obtained for the level of
the intermediate product prices and naphtha price in the even where
the benzene price is pre-designated.

The above-mentioned estimates are based on the following

pdints:

(1) As to the plant scale, Cases 4-1001, 4-3001, 4-4001 and 4-
6001 were taken into consideration. The plant scale of
these cases is approximately comparable to the international
standard.

(2) Concerning Cases 4-1001 and 3001, the gasoline price was

- assumed on the same level as the reformate price and therefore,

no added value as gasoline has been incorporated.

(3) The fuel employed was assumed to be off-gas and hydrogen

generated from the plant and the shortage portion was
supplemented by fuel oil.

Pigure III-15 shows the ‘price ratio when considering dis-
proportionating process as being independent plant and further,
that the total amount of the fuel will be covered by fuel gas. It
must be noted that the xylene price in Case 4-1001A is considerably
higher than the price shown in the above table. This comes from
the scale difference in disproportionating plant.
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Figure 111-15 Xylene Price Based on Disproportionating Process {Fuel Gas Base)

3-2-10 Conditions under which hydro-dealkylation plant is viable
Studies have been made as to the determination of the benzene
export price at which the hydro-dealkylation plant is viable by
taking Case 4-6001 and by basing on the price structure shown in
Figure III-14 about which an explanation was made in the above 3-2-
9. 1In this case, it is prerequisited that the price of naphtha,
p-xylene and cyclohexane will remain unchanged. On the basis of
Figure III-14, benzene price = $287/t, toluene price = $161/t and

Xylene price = $266/t will be obtained as against the naphtha price
fixed at $106.9/t.

(1) The amount of benzene to be fed to the cyclohexane plant
shall be 56,930 t/y and in order to maintain an I.R.R.=15%
for cyclohexane plant, the benzene price is $301.3/t.

{2) The bhenzene export amount is 124,770 tons and therefore,
in order to bring the average price level with the price
figures stated in the above (1) to $287/t, the benzene price
for export should become $280.5/t.

(3) The p-xylene plant has I.R.R. of approximately 14% at the
- Xylene price of $266/t.

In view of the above, it seems that benzene export price is
on a higher level when compared with the presently estimated $220/t.
However, as far as the international price level of benzene is
concerned, there is a possibility of the level rising further and
therefore, re-study on this point at the stage of actually effecting
investment seems to be amply worthwhile.



Chapter 4. Economic and Financial Analyses for the Representative
Case

In Chapter 3, comparative and viability studies of each one
of the established cases are undertaken. 1In this chapter, Case 4-
1001A will be taken up as the representative case and financial
analysis, foreign exchange balance, assessment of national benefit
- by employing the shadow pricing method will be carried out for a whole
complex in accordance with the conditions and method established in
Part II, Chapter 4 and Chapter 5. Further, concerning the financial
analysis, the variation of the internal rate of return in accordance
with the fluctuation in the product prices, raw material prices, etc.
will be undertaken.

4-1 Economic Analysis and Financial Analysis

In order to effect economic evaluation, the data for the
calendar year 1978 was modified as follows to the corresponding data
for the business year 1978 in accordance with the calculation method
described in Part II, 4-3. Regarding the prices for the periocd
after the business year 1978 onwards, the 7% per year escalation
factor was multiplied to obtain the figures.

4-1-1 Domestic, export amount and production amount

Both p-xylene and cyclohexane are considered to be sold to
the Indonesian domestic market for the total amount of production,
and no demand extent modification has been effected. In other words,
the production amount and the sales amount are identical as follows
for the period from the business year 1978 until business year 1987.

p-xylene : 144,000 t/y
cyclohexane: 61,200 t/y

4<1-2 Product price and raw material prices (for the business

yvear 1978)

(Unit: $/t)
p-xylene exfactory price : 449
Cyclohexane exfactory price = 321
Benzene exfactory price (for export) s 216
Raw material naphtha price : 105

Fuel 1 (gas)
Fuel 2 (fuel oil)
Fuel 3 (fuel oil/gas) (*1)

3.22 (per 10° Keal)
8.88 (per 10% Xcal)
6.19 (per 10® Kecal)

Note: (*1) : The average unit price obtained when off-gas
from process plant is used as fuel and the shortage
portion of the fuel is to be supplemented by fuel oil.



4-1-3  By-product deduction price (for the business year 1978)

(Unit: §$/t)

Toluene price : 192
Gasoline price : 188.9
Raffinate price : 105
Hydrogen price : 92.4
Off-gas price : 36

Utility price for . 3
external sales (*2) ° 16,106 x 107 $/y

Note: (*2): The utility facilities for the aromatics
complex possesses the capacity to cover the
required utility for the synthetic fiber raw
material plant. Therefore, asuch an excess portion
can be deducted as being the utility for external
sale,

The quantity and unit price of such utility portion for
external sale are as follows:

External sale utility quantity Unit Price
Electricity : 13,920 KWH/h $0.052KW
Steam : 158 T/h $7.12/¢

Instrument Air : 800m3/h : $0.030/m3
Inert gas :  400m3/h $0.061/m3
Filtered water s 710%/h $0.191/¢

Total amount of external-sale utility = $16,106,000/y
4-1-4 Financial analysis

Tables III-17 through III-19 show the yearly profit/loss
balance and Table III-20 shows the calculations pertaining to the
internal rate of return. It was revealed that I.R.R. equals 20.6%.

4-1-5 Yearly balance of foreign exchange

Table III-21 shows the results of the calculation of
foreign exchange balance carried out by selecting the foreign
currency alone from the yearly balance of financial analysis in
accordance with the method described in Part II, 5-2, From the data
described in 4-1-1 through 4-1-3, the following items have been
adjusted for the yearly balance of foreign exchange.

Exfactory prices for domestic market (for the business

year 1978)
P-xylene : US$449/t x (1-0.126)=US$392.4/t
Cyclohexane : US$321/t x (1-0.126)=US$280.6/t

(Import duty portion deducted)
Although the import duty is 15% on the CIF price, it has

been ‘assumed that the portion will comprise 12.6% on the exfactory
price. .
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4-1-6 National benefit assessed by employing the shadow
pricing method

Agsgsessment Of national benefit was conducted in accordance
with the method described in Part II,5-2. The results are shown in
Tables III-22 and III-23. It is revealed that T.R.R. equals 19.7%.
Modifications for shadow price on the initial investment has been
made in this chapter as follows:
. (Unit: US$1,000)

{1) Foreign (2) {3)Local {4)Total by
currency Shadow currency shadow
portion price portion price

Facility procurement cost (112,140) 140,180 38,870 179,050

Pre-operation cost { 5,290) 6,610 1,000 7.610
Interest during construction{13,350) 16,690 4,570 21,260
Working capital ( 15,570) - 15,570 15,570
Total Investment " (190,790) 163,480 - 60,010 223,490
Note: (2) = (1) x 1.25
(4) = (2) + (3)
4-2 Effects of Variable Factors

Various assumptions were made in the evaluations made in
Chapter 3 and the variation of the internal rate of return in the
event where any change should take place in such assumptions will
be studied in the following paragraphs.

4-2-1 Gasoline price

The gasoline price can be considered to be US$147.6/t on an
assumption that the profit made by gasoline should not be counted in
petrochemical complex and so, the gasoline price and the reformate
price are identical for maintaining the reformer internal rate of
return on a 15% level. In this case, the toluene price will be
considered at US$165.9/t on the synthetic fiber price basis as
described in Chapter 1, 1-2-4. On the above considerations, the
calculation results comparing with the results of the basic case
are as shown below. (The case in which the gasoline price is con-
sidered to be identical to the reformate price shall be called
Case 4-1002a}

Gasoline Price Toluene Price I.R.R.

4-1001a Us$192.0/t UsSs$195.5/t 20.6%

4-1002a UsSs$147.6/t Us$le5.9/t 17.4%

In view of the above, it can be considered that the economical
viability is amply present without relying on the profit of gasoline

marketing, although a certain extent of reduction will be inevitable
in the investment effectivity.
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4-2-2 Product prices

‘As has been described in the Product Prices in Chapter 1,
there are prices of Japanese max. price basiz and min. price basis
in addition to the presently employed prices on the synthetic fiber
price basis. The results of studies on these prices are as shown
in Table III-24. The great effect of the product price on the
I.R.R. of the complex can be seen in this table.

4-2-3 Naphtha price

The naphtha price as the basis for the present study was
obtained in the form of an assumption by substructing the ocean
freight cost, etc., to be incurred between Indonesia and Japan from
the Japanese domestic price of naphtha. In view of the fact that
the possibility is high in that the naphtha price itself will be
changed politically, the studies were made in two cases, i.e., in
the event where the naphtha price is higher by 10% than the estimat®d
level and lower by the same extent. When the price is higher by 10%,
the I.R.R. is 16.6% against the I.R.R. equals 20.6% in the basic
case and, when lower by 10%, the I.R.R. became 24.5%, In the case
of the aromatics complex, the naphtha price itself will greatly
affect the overall internal rate of return {(because of the fact that
the ratio comprised by the fixed cost is on a lower side), and
therefore, it can be stated that the international competitiveness
of this complex can be controlled in any way by means of selecting
the naphtha price level.

Chapter 5. Data Regarding the Project Scheme

Data will be given in this chapter regarding the repre-
sentative case covering such points as the required number of
personnel, construction cost, utility facilities, etec. also,
regarding the explanations on the design bases and process

degcription for the subject plant, refer to Annex IV and Annex
vI. : .

5-1 Personnel Requirement

Table I1I-25 shows the required number of personnel for
the operation of this complex. The required number of personnel
figures stipulated in the table covers only the plant operation
personnel and it should be noted that in addition to these
persons, other personnel to be in charge of the administration
and technical assignments for each plant and further the employees
for the safety department, engineering department, office depart-
ments, administration departments, ete. will be required, It is
generally understood that concerning the above-mentioned additional
number of departments, approximately 1.8 times the required number
of personnel for the operation for the complex will be called for.

—74 -
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5=-2 Construction Cost and Initial Investment Cost

‘The construction cost on the basis of the estimation method
stipulated in Annex III is shown in Tables IIT-26(1) through III-
26(3).

Table III-26(1) shows the overall summary and Tables ITI~-26(2)
and III-26(3) stipulate reaspectively construction cost for each plant
"and that for each utility plant. Further, Table III-26({(1l) also shows
the overall investment cost which also includes the pre-operation
cost, interests during construction period and working capital.

Table HI-26(1) Construction Cost and Investment Summary

(unit: 10° uss)
Currency - Foreign Local
Items Allocatiol portion Portion Total
* 1, Inside Battery Limit
(a)} Equipment & Materials - 26.81 0.69 27.50
(b} Erection Work - 7.6 7.6
{c) Civil Work 2.10 2.17 4.28
{d) Supervision 6.69 1.67 8.36
(e) Engineering & Contractor's 8.48 6.48 14.96
Fee
* 1, ISBL Total 44.08 18.61 62.69
* 2, License & Know-How 10.57 - 10.57
* 3, Catalyst & Chemicals B.22 0.22 8.44
* 4, Spare Parts 2.68 0.07 2.75
* 5, Storage & Handling 3.38 1.07 4.45
* §. Process Cosntrol Laboratory 3.75 0.30 4.05
7. Contingency 4.41 1.87 6.28
** 8, Utility Facilities 20.76 7.14 27.9
9. Service Facilities & 14.33 9.55 23.88
Jetty, Housing Road
Total Construction Cost 112.18 38.83 151.01
Land Preparation & : - 2.07 2.07
Development
Pre-operation Cost 5.29 1.0 6.29
Interest during 13.35 4.57 17.92
Construction
Total Fixed Capital 130.82 46.47 177.29
Working Capital - 15.57 15,57
‘Total Investment 130.82 ] 62.04 192.86
(Note) * Cost for each plant is shown in Table ITT-26(2)

** Cost for each utility is shown in Table 11I-26(3)
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5-3 Utility Facilities

‘Utility Facilities for aromatics complex are requestéd by
Pertamina to have capacities to cover the PTA/DMT Plant in addi-
tion to aromatics complex up to p-xylene and cyclohexane.

Such utility facilities consist of the following items.

1. Electric power supply

2. Steam supply

3. River water intake

4. Filtered water supply

5. Demineralized water supply
6. Instrument air supply

7. 1Inert gas supply’

8. Fuel supply

Refer to Table III-27, III-28 and Figure .III-16, concern-
ing the required amounts and balance for each utility facilities.

5-3-1 Electric power supply

In order to cope with fluctuations in the operating con-
ditions of the process plants, a 25% allowance is made to the
necessary capacity of 23,796 KW, thereby having a capacity of
30,000 KwW.

Boiler
Type: 2 drums, natural cireculation, forced draft, outdecorx
installation
Number of units: 1 unit
Max. continuous rating 245 t/h
Steam conditions at S.H. outlet
63 kg/cm
Temperature : 483 deg. C
Fuel: Fuel oil

Pressure

'

Auxiliary equipment: Forced draft fan, Gas air heater,
Steam air heater, Soot blower,
Economizer, Stack
Boiler feed water pump: Multi-stage, horizontal split
type 270 m/h, 900 KW

Steam turbine

Typé: Single cylinder, single flow, impulse and multi-
stage extraction and condensing turbine

Max. continuous output: 30,000 KW

Speed: 3,000 rpm

Overspeed trip: At less than 111% of rated speed
Extracted steam: 190 t/h, at 10 kg/cm g
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Figure IIl-16  Utility Flow and Balance for Aromatics Complex

Generator
Type: 3<phase, A.C. synchronous, totally enclosed with
air/water coolers, coupled directly to turbine
Rating:
Output : 35,300 KvVA
Voltage + 11,000 Vv
Power factor : 0.85 lagging
Phase : 3 phase, 50 Hz
Condenser
Type: Horizontal two pass and two bundles, surface
condenser
Rating:
Design vacuum: 697 mmAg
Surface area : 960 m
Deaerator

Type: Horizontal spray and tray type

capacity: 270 t/h
Dissolved oxygen: 0.007 ppm
5-3-2 Steam supply
Required steam : 127 t/h
Max. continuous rating : 155 t/h




Steam pressure
Steam temperature
Fuel

Auxiliary eguipment

5-3-3 River water intake

33 kg/cm
Saturated
Fuel oil or gas

L]

Forced draft fan, Gas air
heater, Steam air heater,
Soot blower, Economizer

For use as industrial water, approximately 1,850 m/h of

river water is taken in fr

Number of pumps:
Prime driver

Capacity
Head
Suction

Type

-

5-3-4

om Sungai Komering.

1l plus 1

250 KW motor
1,850 m/h

15 m

Minus 5m
Vertical

Filtered water supply

The water taken in from the river then go through the

flocculator after an alum

solution is added, and treated by the

settler where the sedimentation substances are eliminated.

After going through a filter, the filtered water is stored

in a water tank.

Required amount of filtered water

1,750 m/h

Flocculator
Type: Up and down flow
Number of units: 3 units
Size: 1l4.6w x 12.01l x 4.5h {(m)

Materials:
Settler

Number of units:
Size

Materials
Filter

Number of
Type

Size

units:

Concrete

3 units
14.6w % 14,01 x 4.5h (m)
Ceoncrete and PVC plates

3 units
High speed gravity type
3.3w x 12.51 x 2.5h (m)



5-3-5 Demineralized water supply

.To produce demineralized water as boiler feed water,’
filtered water is treated through a deionizing equipment. This
deionizing equipment consists of a H cycle cation exahanger,
degasifier and an OH ¢ycle anion exchanger, Capacity of this
system is 420 m/h and the guality of the water produced should
be less than 5 micro ho/cm of electro conductivity.

H cycle cation exchanger

Number of units: 2 units

Materials : Rubber lined stéel
Dimensions : 2.6 x 7.0 h (m)
Resin : 26m

OH cycle anion exchanger

Number of units: 2 units

Materials : Rubber‘lined steel
Dimensions : 3.6 x 7.0h (m)
Resin : 35 m

5-3-6  Instrument air supply

Required air: 2,400 m/h

Pressure : 7 kg/com

Dew point : =10 deg. C at 7 kg/em g

Properties : 0©il-free, dust free and desiccated

5-3-7 Inert gas supply

Required Inert gas: 4B0 Nm/h
Air geparation unit: 1 unit

Air compressor

Number of unit : 1 unit

. Capacity :+ 2,500 nm/h

Pressure : 5.2 kg/em

inert gas guality: 99.99 vol % of nitrogen

5-3-8 Fuel supply

Consumption
Aromatics center: 160.5 MM Kcal/h
PTA and DMT : 55.0

Electric power : 169.8
Steam generation: 1.03.5

Total 488.8 MM Kecal/h



5-4 Service Facilities

‘Aromatics complex are scheduled to be constructed within
the area of existing refinery plan in Palembang. Therefore,
some of service facilities may not be necessary for this aromatics
project. However, economic viability for the aromatics complex has
been evaluated based on a newly constructed plant including all
necessary service facilities, which is the same basis as the case
‘0of olefin complex,

Chapter 6. Process Description
6-1 Reforming Plant

6-1-1 Licensor list

Reforming: vop
Houdry:
Esso
MW Kellogg
Chevron
Sinclair Baker
AMOCO
Atrantic-Engelherd
IFP

6-1-2 Process description

The reforming process means a process for obtaining high
octane number gasoline or a mixture of hydrocarbons rich in
aromatics by treatment of low octane number naphtha.

) Becauge reforming reaction mainly consists of a naphthene
aromatization reaction by dehydrogenation and a paraffine aromati-
zation reaction by cyclization and dehydrogenation, the reforming
process plays an important role as a process for producing aromatic
hydrocarbons for use as petrochemical feedstocks. By the dehydro-
generation reaction, the process also allows low-cost recovery of
by~-product hydrogen, which is used for various hydrotreating
refining and hydrogenation processes.

The catalysts presently used for the reforming are mainly
platinum, molybdenum, cobalt, or chromium catalysts having alumina
as a main carrier.

(1) Feedstock

When gasoline production is the main goal, feedstock oil is
selected, in most cases, within a boiling point range of 90 -
180°C which permits high octane number improvement efficiency.
This is because a fraction having a boiling point of lower than
90°C has only a low content of naphthene that is aromatized by
relatively easy dehydrogenation and because a fraction over 180°C
shows a trend toward increased coke yields.

When aromatics production is the main goal, it is believed

that hydrocarbons rich in naphthene having carbon numbers of 6 -
B8 are desirable as feedstock because of effective conversion to



BTX. Table shows analysis data on representative feed oils and
their reformates. It indicates that a feed oil higher in naphthene
content -allows a higher aromatics content in its reformate.

Representative Feed 0ils and their Reformates

Feed Naphtha Reformate Feed Naphtha Reformate

"ASTM Distillation

IBP/EP°C 75/182 44 /206 94/178 44/198
PONA Analysis

Vol %

Paraffine 30 21 ' 58 45

Olefin o 1 0 1

Naphthene 53 4 30 3

Aromatics 17 .74 12 53

Because of adverse effects on reforming catalyst, sulfur
and hitrogen contents of feed oil are both restricted to not
exceeding 1 ppm. Therefore, feed o0il needs to be refined by
hydrogenation before entering the reformer.

Today, the standard-type reforming process includes a hydro-
treating unit,

{2) oOutline of process

As previously stated, the reforming plant mainly consists
of the hydrotreating (refining) section intended for feed oil
desulfurization and denitrification and the reforming section.
Flow chart is shown in Figure ITI-17.

{a) Hydrotreating

This process, consisting of a reactor and a separating
section, is intended to preliminarily remove sulfur and nitrogen
compounds from feed oil because of their deteriorating effects
on reforming catalyst.

First, together with hydrogen generated in the reforming
section, feed oil enters the furnace and is heated up to a preset
temperature, and then goes to the reactor, where take place desul-
furization and denitrification reactions together with a partial
cracking reaction, in the presence of catalyst.

The effluent is sent to the separating section and

geparated into non-reacted hydrogen, cracked light gas, and
product oil for use as reforming feedstock.

{b} Reforming

The reformer, too, mainly consists of a reactor and a
separating section.

The feed oil refined by hydrogenation is mixed with

recycdle hydrogen and heated up to a preset temperature in a
furnace and then sent to a reactor. As most of the reforming

—g§7—



rea..xon is endothermic, 3 - 4 reactors are installed with
‘intermediate furnaces to make up reaction heat. After cooling
with a gas-liquid separator, the reactor effluent is separated
into a gas mainly consisting of hydrogen and a product in liguid
form. The liquid product is further refined into the desired
product with removal of excess gas with a stabilizer.

6-1-3 Process flow chart
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Figure 1II-17  Flow Chart-Reforming Plant

6=2 BTY Extraction Plant

6-2-1 Licensor list

Benzene, Toluene, Shell /UCP

Mixed xylenes Dow Chemical /UOP Udex
C9 aromatics IFP

‘ ' Lurgi

6~2-2 Process description

The production of aromatic hydrocarbons from petroleum
is mainly based on recovery from reformed gasoline obtained by
a naphtha catalytic reforming process and from by-product
cracked gasoline obtained by thermal cracking of naphtha or
kerosene. As such fractions after aromatization alsoc contain
non-aromatic hydrocarbons having boiling points extremely close
to those of aromatics, such as paraffine and naphthene, it is
quite difficult to separate high-purity aromatics by mere precise
distillation from those non-aromatic hydrocarbons that form an
azeotropic point mixture. Nevertheless, extremely high-purity
aromatics are in demand in recent years.

Therefore, various separation processes are being studied
in consideration of differences in properties or reaction charac-
teristics. The folrlowing processes have been commercialized:

- Solvent extraction process
-~ Azeotropic distillation process
Extractive distillation process

Adsorption separation process



Today, the solvent extraction process is in a wide use
the most appropriate industrial process.

(1) Tyﬁes of separation processes
(a) Solvent extraction process

The solvent extraction process is a process for separat-
.ing aromatics from a mixture of aromatics and non-aromatics, tak-
ing advantage of differences in solubility by addition of a
solvent. 1In this process, one of the most significant factors is

the selection of an adeguate solvent.

B number of processes have been announed with various
types of solvents. Representative solvents are glycol, tetramethy-
lene~-sulfone, N-methyl-2-pyrrolidone, and dimethylsulfoxide.

after separation from non-aromatics, the aromatics are
further distilled for separation of benzene, toluene, and xylenes.
Most of plants in the world operating commercially using this
process. . :

(b) Other process

The azeotropic distillation ahd extractive distillation
processes are processes for separating aromatics from a narrow
boiling range mixture of aromatics and non-aromatics forming an
azeotropic mixture, by addition of adequate thixd matter tqklng
advantage of azeotrope or by means of extractive distillation.

Commercially, those processes are rarely used,

The adsorption separation process achieves the separa-
tion of aromatics taking advantage of the selective adsorption
properties of adsorption agents, such as activated carbon, silica
gel, alumina or molecular sieves. Though quite simple in process-
ing, this process reguires a large quantities of adsorption agent
and rarely used in commercial plants.

{2) oOutline of solvent extraction process

The following Figure III-18 is an outline of a process for
production of benzene, toluene, and xylenes by solvent extraction,
which is in a wide use in commercial plants.

The solvent extraction process consists of a section for
extraction of aromatic hydrocarbons alone from feed oil, a section
for separation of extractive solvent from aromatic hydrocarbons,
and a section for separation of benzene, toluene and Xylenes from
a mixture of aromatic hydrocarbons.

First, feed oil is fed inm the extractor and comes into
contact with a solvent. Solvent extracts aromatic hydrocarbons,
from a mixture of aromatics and non-aromatics, which sent to the
solvent separation section.

In the solvent separation section, first non-aromatics are
separated from the sclvent that extracted aromatics with a
stripper being operated under an appropriate pressure, permitting
effluence of the aromatics-containing solvent from the tower
bottom, and their aromatics and a solvent are sent to a stripper
column being operated under a vacuum pressure, allowing recovery
of aromatics from the top and the solvent from the hottom. The



solvent is regenerated for re-use. The aromatics mixture from
the top is subsequently sent to the distillation section.

In the distillation gection, trace quantities of oclefines in
the aromatics mixture are removed in a clay tower and then benzene,
toluene, and xylenes are separated by precise distillation, in
the order named.

6~2-3 Process flow chart

- NOD Aromatics

g g e Benzene
v “© g
Raw Material g 8 g &
£ - B — =S
.E: E £% O\ [TT1, 12
. :x A w
Bl ——— (1T
Yield on Charge Product Purity

Benzene 99.8 99.9

Toluene 98.0 999

Xylenes 96.0+ ' 99.9*

* As CB Aromatics

Figure 1I1-18 Flow-Chart-BTX Extraction Plant

6-3 Disproporticnation Plant

6-3-1 Licensor list

Benzene and Xylenes UCP (Toray)
(Disproportionation) Atlantic Richfield

6-3-2 Process description

In recent years, demands for aromatic hydrocarbons,
particularly for benzene and xylenes, have sharply increased.
Most of the feed for such aromatics is extracted from BTX frac-
tions obtained from catalytic reformate and cracked gasoline.

The yields of benzene, toluene, and xylenes fractions
vary depending on the types and composition of feedstocks.
Also the demands for the three types of aromatics are not balanced
—-toluene demand is relatively small. Therefore, there is a pro-
cess for converting toluene into benzene and Xylenes in greater
demand, by means of disproportionation reactions--which is called
the disproportionation or transalkylation process,



(1) Disproportionation reaction

Disproportionation reactions of toluene take place in the
vapor phase over solid catalyst. 1Its main reaction is expressed
by the following formula: '

—
O = O O
CH3

Other reactions are side reactions such as toluene dealkyla-
tion and xylenes isomerization. At the same time, coke formation
on catalyst should not be overlooked. :

Apparent from the above formula, the main reaction is an
equilibrium reaction without needs for hydrogen in terms of
stoichiometry., However, to control coke formation the reaction
is carried out in the presence of hydrogen at approximately 10 -
50 atm, 350 - 530°C and about 55% of toluene is converted into
benzene and xylenes at equilibrium. '

It is known that changing of a methyl group percentage to
benzene by addition of trimethyl-benzene, for instance, causes
a change in a Cg aromatics-benzene molar ratio. This method is
used, in some cases, to increase xylenes yield.

(2} outline of process

As shown in Figure III-19, the disproportionation process
consists of a reaction and a recovery section.

Heated up to a preset temperature in a furnace together with,
hydrogen, toluene is charged in a reactor, where the abovemention-
ed reactions take place forming a liquid mixture containing benzene,
xylenes, non-reacted toluene, small guantities of gas such as
methane and hydrogen, and heavy fractions. From the mixture,
hydrogen is first recovered for recycling to the feed toluene.

After the separation of hydrogen rich gas, the mixture is
sent to a recovery section, where gases are recovered by distilla-
tion in order of low to higher boiling points, with light gases
like methane first and benzene, subsequently. The benzene tower
bottoms are sent to a toluene tower to recover non-reacted toluene
for recycling to the feed.

The toluene tower bottoms go to a xylene tower to separate
xylenes, and then Cg aromatics and Cjg+ fractions are separated.

All of the separated Cg aromatics are recycled to the feed
to increase yields.



6-3-3 Process flow chart
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Figure 11I-19  Flow Chnrt-Disproprotionntion Plant
6-4 Hydrodealkylation Plant
6-4-1 Licensor list
Benzene (Dealkylation) UoP
' Houdry
Hydrocarbon research-ARCO
Gulf o0il

Gas Council )
Mitsubishi Petrochemical
Monsanto

6-4-2 Process description

The hydrodealkylation process is a process for producing
benzene in great demand as feed for the petrochemical industry
from toluene, xylenes, or higher aromatics containing alkyl group
by means of cracking and separation of alkyl group.

A combination of this process with the BTX extraction
process and the xylenes (like p-xylene) separation process per-
mits a total scheme that enable production adequate to each
complex's own composition of demand.

Roughly speaking, the catalytic cracking process and the
thermal cracking process are conceivable for hydrodealkylation
reactions, which the place in a hydrogen current. Reaction con-
ditions of the catalytic cracking process and the thermal crack-—
ing process are nearly the same except for reaction temperatures,
which are higher in the latter than the former. The catalytic
cracking hydrodealkylation process carriers out reactions using
chromium, molybdenum and cobalt as catalyst, with alumina as
carrier. As this process is in a wide use, we will outline its
scheme on a toluene feed.



(1} outline of process

Mixed with recycle toluene, feed toluene is further mixed
with make-up hydrogen and recycle hydrogen and sent to a reactor
after preheating. Over catalyst, toluene is converted into
benzene by demethylation and non-aromatic hydrocarbons -in the
feed are cracked into methane and ethane. After cooling, reactor
effluent is separated into gas and liguid with a separator.

- Separated gas is re-used as recycle hydrogen eXcept for a part,
which is removed out of the line.

' From the ligquid effluent, light gas is removed with a stripper
and then olefine, with a clay tower. Clay tower effluent goes to

a benzene tower, where benzene is recovered and then to a toluene
tower, where non-reacted toluene is recovered.

Non-reacted toluene is recycled to the reactor. (Shown in
Figure III-20).

6-4-3 Pprocess flow chart

Hydrogen '
Reastion Sepatation
Feed stook Section N Distillation se Benzene
Section
T- Toluene 7 s Heavy Aromatics

Feed wt%h Product wt%
Toluene 1060.0 Benzene 81.3
Hydrogen 0.1 OfT gas -13.8
Total 100.1 Hv, Aromatics 50
1001

Figure 11120  Flow Chart-Hydrodealkylation Plant

6-5 ; P-Xylene Separation and Xylenes Isomerization Plant

6-5-1  Licensor list

Xylene-isomerization uoP
(catalytie) Atlantic-Engelhard
Esso Research
Toray
ICI

Mitsubishi Gas Chem.

P-xylene separation uop
Standard ©il
Esso Research
Chevron
Toray
Mitgubishi Gas Chem.
Scientific Design
Maruzen 0il

—93—



6~5-2 Process description

‘Xylenes are separated from cracked gasoline which is a
by-product at time of olefine production by means of steam
cracking of naphtha or gas oil, from reformate as a result of
naphtha reforming, or from toluene disproportionator effluent.

. Xylenes mixtures are composed of three xylene isomers
{o-, m-, and p-xylenes) and ethylbenzene. As shown in Tgble
isomers contents vary depending on types of feed processing.

Isomer Composition of Xylene Mixtures (wts%)

Toluene Dis-
Reformate Cracked Gasoline proportionation

o-Xylene 20 ' .18 23 - 25
m-Xylene 45 4G 48 - 54
p-Xylene 20 . 15 23 - 25

Ethylbenzene - 15 30 -~ 2

However, demands for those components largely disaccord
with the compositions: approximate demand for o-xylene 30%, for
m-xylene 0%, for p-xylene 55%, and for ethylbenzene 15%.

Therefore, it is necessary to meet the demands by isomeri-
zation of those isomers. .

If p-xylene production is the sole goal, a process is
used in combination with a process for p-xylene separation from
a xylenes mixture and a process for isomerization of o-, m-xylenes
and ethylbenzene into p-xylene. (Shown in Figure ITI-21)

(1) p-Xylene separation process
The separation of p-xylene from Xylenes mixtures means of,

distillation is difficult because the difference in boiling

points between m-xylene and p-xylene is as small as 0.7°C, as
shown in Table.

Properties of Xvlenes

o-Xylene m-Xvlene p=-Xvlene Ethylbenzene

Specific

Gravity 0.8745 0.8641 0.8616 0.8669
{20/4¢=C)

Melting

Point (°C) -25,17 ¢ -47.87 13.26 -94.98

Heat of rusion
{cal/mol) 3,250 2,765 4,090 2,193

Boiling Point
(760 mmHg, °C) 144.4 139.1 138.4 136.2

.Therefore, the following processes faking advantage of

differences in physical characteristics other than boiling point
are industrialized:



-~ Cryogenic Crystallization Separation Process
- Solid Adsorption Separation Process
-~ Extractive Distillation Process

The cryogenlc cristallization separation process is a process
for separation taking advantage of differences in the solldlfylng
temperatures of xylenes isomers.

First, o-xylene is separated by precise distillation and a
mixture of m-, p-xylenes and ethylbenzene is cooled to crystallise
p-xylene which has a higher solidifying point. The rest (a
mixture of m-xylene and ethylbenzene} is sent to an isomerization
section where all m-xylene and a part of ethylbenzene are iso-
merized into p-xylene and separated.

The solid adsorption process is a process for separation
using a solid adsorption agent which permits nearly 100% selective
adsorption of p-xylene. 3as the process required no cryogenic
crystallization, all processing is carried out in the liquid phase.
Therefore, operating conditions are mild and longterm continuous
operation is feasible. This process provides extremely high p-
‘¥xylene purity and yield.

The extractive distillation process is a modification of the
eryogenic crystallization process, intending separation of a part
~f m-xylene. This process is based on the fact that the relative
basicity of m-xylene is extremely high with a conspicuous tendency
toward forming a liquid-phase complex with HF-BF3. By forming a
complex with HF-BF3, m-xylene is separated from a xylenes mixture
and after the decomposition of the complex, a part of m-xylene is
sent to a refining section and the rest, to an m-xylene isomeri-
zation section. The rest of the mixture containing p-xylene,
o-xylene and ethylbenzene is separated into the respective com-
ponents by precise distillation. The separated p-xylene fraction
further undergoes. crystallization separation.

(2} Isomerization of xylenes

Between xylene isomers, there is certain thermodynamic
equilibrium and the commercially-available xylene mixtures show
nearly the same equilibrium.

In xylenes isomerization, reaction conditions are somewhat
different depending on employed catalyst which varies from the
Friedel Crafts catalyst to silica~alumina catalyst for catalytic
cracking and platinum catalyst for catalytic reforming.

In this report, we will outline a process of which reacticns
occcur in a hydrogen current over platium catalyst.

{3) OQutline of process

If p-xylene production is the main goal, a p-xylene separa-
tion unit and a xylene isomerization unit are combined as per
the attached chart. Together with deheptanizer bottoms in the -
isomerization section, feed oil goes to the return tower where
Cg*t heavy hydrocarbons are removed from the tower bottom.



The rerun tower overheads are sent to the p-xylene separation
unit where p-xylene is separated and raffinate is recycled to the
isomerization unit. 1In the isomerization unit, catalytic isomeri-
zation reactions take place producing a mixture of xylenes at
equilibrium. The C7- light hydrocarbons produced as a by-product
from deheptanizer are removed from the tower top and tower bottoms
are mixed with feed oil.

" H~5-3 Process flow chart
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Figure III-21 Flow Chart-P-xylene Separation and Xylene Isomarization
6-6 Cyclohexane Plant

6-6-1 Licensor list

Cyclohexane Uop
Houdry
Scientific Design
IFP
. Lummus
Phillips
Sinclair Engelhard
Texaco
Stamicarbon

6-6-2 Process description
Most of cyclohexane is consumed as raw material for

caprolactam, from which nylon is manufactured. The rest is used
as raw material for adipic acid and as an organic solvent.

—96—



Cyclohexane is produced by means of hydrogenation of
benzene or precise distillation of naphtha fractions. When high-
purity cyclohexane is required, like as high as more than 99% as
feed for caprolactam, hydrogenation of benzene is used instead
of precise distillation which permits only B5% purity at the
maximum. (Extractive distillation with use of phenhol is possible
but not used today because of a low yield.)

The process by means of hydrogenation of benzene. can be
divided into several types by condition of reaction (vapor of
liguid phase), type of reactors or mode of cooling. As the
reaction itself is simple, a number of cyclohexane manufacturers
have their own processes.

Benzene and hydrogen are charged in a reactor and reacted
at 200-240°C. Products and excess hydrogen are separated with a
separator. Separated hydreogen is recycled to a reactor and
produced cyclohexane is refirned into the desired product through
a stabilizer.

The reaction is highly exothermic (51.2 kcal/mol per mol

benzene) and heat removal is the key point of this process. The
flow chart is shown in Figure III-22.

6-6-3 Process flow chart

Make-up Hydrogen
Recycle Hydrogen
_ |
Benzene Reaction Finishing Cycloh
—————————————— ————— N e
Section Section yelohexane
L L e Off Gas
Feed wt% Product  wt%
Benzene 100.0 Cyclohexane 107.5
Hydrogen 1.7 Off Gas a2
107.7 107.7

Figure 11I-22  Flow Chart-Cyclohexane Plant
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