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This Chcftcr Sets out to review recent events affecting
the oil industry and to present an up=toedates picture
of {ts various aspects.

It is evident that the oil industry cannot be developed
in VIETNAM independently of the international situat on,
particularly if VIETNAM is to become an oileproducticn
country.
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1. ™E OIL INOUSTRY IN RECENT YEARS

C0il has since the end of the Second Worlc dar gradually
become the most important source of energy for the
majority of countries (see Tigure 1.1),

This development was encouraged by ever-decreasing
prices (in constant currency) until 1971 (see table 1.1 ).

Low energy costs represented one of the main factors
responsible for rapid economic growth in the industriale
ized countries ; demand for petroleum products was
currently growing at a rate of about 10 % in most of
the major consumer countries.

Crude oil production increased over this period in
proportion to the growing consumption,

In 1971 crude oil prices Legan to rise as a result of
pressure from certain producing countries, but it was
not till late 1373 that prices suddenly quadrupled as
& consequence of the Middle East crisis (see table:.1).
This sharp rise was responsible for considerable
upheavals in many areas and its effects are still
strongly felt today.
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TABLE 1.1
EVOLUTION OF POSTED PRICE OF TYPICAL CRUDE oILS
A —
CUSH/BARREL)
L R e ————
YEARS ARABIAN LIGWT KUWALT
34°A0T J1°APL
m -
1948 2.22 .12
1949 1,78 1.088
1083 1.87 1.72
1987 2.12 1.08
1089 1.94 1.87
1860 1.04 1.99
1971 1.40 1.88
1972 2.28 2.1
1973(3an) 2.58 2.48
1974 (sept) 11.68 11,58
1978 11,2% 11.18
1978 12.70 12,22
e——————
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2, CAUDE OIL AESERVES

World crude oil production has increased tenfold since
the end of the Second World War and threefold since
1960 (see table 1.2). This might be taken as indicating
unlimited supplies of crude oil.

The fact is, however, that at present production rates
known reserves of crude oil will be practically exhausted
by the beginning of the next century (see tablel.3),.
Although new fields may still be to be discovered, it
seems that the importance of oil as a source of energy

is likely to decline swiftly at the end of this century.

Recent years have seern Middle East production continuing
to. grow while that of the Uriited States falls off (see
table 1.4 )., As a result the major consumers (with the
exception of the communist countries) have become
heavily dependent on imported 0il (see table 1.9).

PRICES

Since the 1973/1574 increases crude cil prices have
not risen in keeping with world inflation rates.

The current price scale is based on the "marker crude"
price - ARABIAN LIGHT - and on the crude oil grade
(°API, sulphur cortent) as well as on the distance
between supplier and consumer. Note that the credit
period is row also <aken irto account in the price
(see table 1,3).

Since 1974 the official prices have closely matched actual
selling prices § discounts when allowed are small and
generally apply only to crude oils that are difficult

to sell.
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TABLE 1.2

WORLD CARUDE OIL PRODUCTION
D R E——

1930
1844
19080
1960
1968
1970
1973
1977

(THOUBAND TONS)

Rk

196 $00
383 000
§28 000
1 080 000
1 804 000
2 338 000
< 848 000
3 019 000

:
%




TABLE '.3
WORLD CRUDE OIL RESERVES - 1978
w _——
REGIONS Million tons % Production years
(basis 1977)
NORTH AMERICA 4 800 $.§ 2.0
SOUTH AMERICA § $00 8,2 24,0
MIDDLE EAST $0 300 £7.1 44.0
FAR EAST 2 700 3.1 20.0
APRICA 7 700 8.8 2.0
WESTERN EURQOPE 3 700 4,1 $8.0
SOCIALIST COUNTRIES| 13 400 . 18,2 20.0 _;
TOTAL 88 100 I 100,0 I 29,0 i

-
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TABLE 1.4
CAUDE OIL PRODUCTION BY COUNTRY
Q9
S S -—ﬁ'— M L
COUNTRIES THOUSAND TONS \

NORTH AMERICA $33 300 7.7
UNITED STATES 482 000 18,3
CANADA 70 $00 2.4
SOUTH AMERICA 232 00 1.7
VENEZUELA 114 500 3.0
MEXICO | 81700 1.7
MIDOLE EAST 1 104 900 %.6
SAUDI ARABIA 483 200 18,0
KUWALT 94 30 3.1
IRAK 111 000 3.7
IRAN 278 400 9.1
ABU OHABI 7% 700 2.4
AFRICA 204 300 9.4
NIGERIA 104 300 3.4
LIBYA 100 100 3.3
ALGERIA 53 $00 1.8
WESTERN EuROPE ¢4 100 2.2
UNITED KINGOOM 37 %00 1.2
FAR EAST ASIA 134 900 4.4
INOONESIA 83 200 2.8
CASTERN fuROPt 00 700 w.9
USSR $48 000 0.1
CHINA 94 000 3.1
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10.
TASLE 1.6
PRICES OF KEY OPEC CARUDE olLs
Y
CRUOE OIL GRAVITY | OPFICIAL SELLING| OAYS AVERAGE SUPPLY
-# * Ay PRICE - July 78 | CREDIT {1378 - '00Cas0
ARABIAN LIGHT 4 12,70 80 5 0co
ARABIAN HEAVY F 44 12.01 0 27%0
IRANIAN LIGHT M 12.804 60- 2 800
IRANIAN HEAVY 31 12,48 80 2 500
KUWALT " 12,22 80 2 000
ABU DHABI (MURBAN) ] 13.28 80 880
IRAQ, BASRAM LIGMT 3 12.60 6C-7% 800
IRAQ, KIMKUK (1) % 12,82 $0-7¢ 300
IRAQ, KIRKUK (2! 38.3 13.10 48 300
ALGERIAN SAHARAN 44 14,10 k 480
| NIGERIA BONNY LIGHT M) 13.87 80 528
LIBYA ES SIDER k¥ 13.88 80 710
NORTH SEA EXOF ISK 40 13,82 30 30
INDONESIA MINAS 38 13,88 30 800
VENEZUELA LAGC MEDIO 2 13.84 30 §30
S— S

(1) ouer cerminal ’
(2) Med. terminal
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5. MeTROLEUN PROBUCT CONGUNPTION

en 1360 and 1373 world petroleum product consumption

T'éw 4t an average rate of 3 & per year ; note that this
8 the average of widely varying figures :

« UNITED STATES ¢ 4.7 §V/year

« WESTERN EUROPE ¢ 10.5 %/year

. JAPAN + 18.0 V/year

« U.S.8.R. ¢ 8.4 V/year
These !ivo an indication of the effects of the 1973/1974
o0il price increases on the economies of JAPAN and

WESTERN EUROPE,

The situation since 1374 ig that consumption in WESTERN
EUROPE and JAPAN has not returned to the 1973 level,

while

in the UNITED STATES the growth rate was less than

2 %/year between 1373 and 1377 (see tablel.7),

MA

TRUCTUR

The petroleum product demand structure varies greatly
from one country to another (see table 1.3). Since 1974
another change has been taking place, with increased
demand for light products such 48 gasolines and naphtha
dccompanied by a drov in demand for heavier products such
48 fuel oil which faces competition from coal and nuclear

power.

This will inevitably have its mforcuuions on erude oil
.

prices, to the advantage of th
end product prices.

{ghter crudes, and on

~—




12.

PROPUCT PRICES

A distinction must be drawn between domestic prices

(ox-rcfinory and retail prices) and international
prices.

Each country has its own domestic price structure. Ex=-
refinery prices, for example, are generally calculated
to allow the refiner to cover crude oil and refining
costs. Taking FRANCE as an example, cfficial ex-refinery
prices in May 1373 were as follows

F/hl
Regular gasoline 83.39
Super 79,09
Gas oil §1.42
Heavy fuel o0il 412 F/ton

Although structures may vary from country to country
they are more or less based on a g§enerally recognized

International trade takes many different forms. Trading
may be carried on between companies or States under terms
which are not generally publicised, and on the other hand
there exists a number of established markets publishing
their official Prices, e.g. ROTTERDAM, ITALY, SINGAPORE.,

While quantities traded are small, the prices quoted are
of+en taken as a guide in inter-company transactions

-

and in some cases in determining domestic price structures.

Posted prices in the major export centres can be found
in table 1.3, These prices do not include *the normal
refinery profit margin but correspond simply to the
crude oil price plis direcr operating costs,

Such prices are subject to considerable fluctuation

over a year ; sometimes periodically, e.g. summer/winter
variations, and sometimes also urexpectedly e.g. wide
variations in time of crisis.,

Whatever their exact significance these prices reflect
the major market movements. At the moment, for instance,
residual fuel oil prices on the export market are tending
to fall as a result of low demand levels and particularly
of heavy product surpluses created by many refineries
being unmatched to there markets. Export prices are of
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course also determined by product !radc. notably in the
case of fuel oils the prices of which are affected by
their sulphur content and to 4 lesser extent their pour
point. Thus on the SINGAPORE market for example 3.5 §

sulphur fuel oil fetches 72¢/ton as against 30$/ton
for low sulphur resicuse,




PETROLEBUM PRODUCT CONBUMPTION® (1978)

TABLE

1.7

r-—————
COUNTRY
o ———
NORT AMERICA ’.2
UNITED STATES 29,1
SOUTH AMERICA 6.4
WESTERN Cunore 3.0
WESTERN GERMANY 4,7
FRANCE 3.8
UNITED KINGDOM 3,3
NIOOLE EAsT 2.2
AFRICA 2.0
FAR EAST AgIA 12.0
JABAN 8.4
SOCIALIST counTRIrs 20.8
U.8.5.R 14,8
Others 1.4
TOTAL

nr.2
884.6

148.9

$26.1

107.?
.8
78,7

0.9
“.8

in.2
192.9

4.y
337.2

® Appronimated figures

5 Million tong ‘ kg Per cepite

Y
311

14

1 741
1492
1 3400

@
112

n
1%

PLIN

—

g
S e e

<t

b
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TABLE 1.3
O8MAND PATTERN (1976¢)
e ———————————
— ———
COnTRIES MOTOR GASOLINE | «emro - GAS OIL | musL oIL OTHERS (1)
we § wt § wet & wt §
—
UNITRD sSTATES 40 28 1% 17
WESTERN QERMANY 18 4 18 13
FRANCE 17 L ) ] | 14
UNITEOD K INGDOM 21 a 13
ORAZIL 2¢ ! 20 1%
INOIA e %0 20 10
JAPAN 11 a4 41 19
PHILIPPINGS 24 %0 k1] ?
INOONESTA 23 4 1% 13
VIETNAM (1977) 22 “ 23 ]

e oneluding losses

-




NAPHTHA

PREMIUM GASOLINE
REGULAR GASOLINE
JET KEROSENE

GAS OIL

FUL OIL 3.5 % §
FUEL OIL 1.0 % 8

TABLE 1.9
PETROLEUM PRODUCT SPOT PRICES CUSS/TON)
CUWLY 1978)

ROTTEROAM ITALY
130 133
181

134

SINGAPORE
130

ARABIAN/PERSIAN GULF
128
187
146
138
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4 T™HE neFINTNg INDUSTRY

Until 1973 the refining indus
countries matched demand trends

*ry in the major consumer

3 *hus in that year the

European refiner construction rate was 1214 Y/year,
fe

while in the UNI

ding at only 3 to 4 § annually.

The 197371974 cr@sis

D STATES refining capacity was expan-

and its consequences on consumption

48 construction programmes already under way could not be

abruptly halted.
The present European

the UNITED STATES (se

capacity utilisation rare is no
higher than 64 %, compared to 83

e tableil.10)

% in JAPAN and 92 § in

Refiners are being obliged to modify their production
changing demand structure and

schemes to match the
notably to set up hea
also desulphurisation

vy product
units in o

increasingly strict sulphur spec

conversion units and
rder to comply with
ifications.

-

ity, Par<icularly in URCPE,

—-—
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TABLE 1,10

SACINING CAPACITIRS

COUNTRY

BTN ANERICA
UNITED STATES

SOUTH AMERICA

VENEZUBLA

BRAZIL

MEX1co

NETHERLANDS ANTILLES

WESTEWN Eunort

ITALY

FRANCE

WEST QERMANY

UNITED KINGOOM
NIDOLE CASTY

IRAN
KUWAIT
SAUDI ARABIA

APRICA

PAR EAST ASIA

JAPAN
SINGAPORE

SOCIALIST CounTRigs
VUSSR

rTorTaL

(1 JAN,1977)

THOUSAND TONS/YEAR

994 700
08 300

78 000
48 300
48 100
40 300
1016 "0

213 200
188 200
144 000
180 000
163 %0

31 100
30 100
a2 700

% w0

278 200
43 800

000 000
400 000




S.  TRansPORY

As the major consumers - with the excertion of +he USSR -
are unabdble to meer their own requirements, substantial
amounts of crude oil have to be imported. WESTERN EUROPE
and JAPAN are particularly dependent on imports, but so
4130 to some extent are all the world's non oil producing
countries.

Tanker fleets, like rcfining capacity, were expanded to
match demand growth up to 1373, The volume of shipbuilding
contracts already awarded at that point was such that

the resulting surplus capacity will not be fully utilised
for some time to come.

Thus at the beginning of 1978 the oil tanker fleet
represented 330,5 Million DWT, with a §ross tanker surplus
of over 100 million DWT.

This has let do shipowners - apart from oil companies and
Stat-owned fleets - operating at extremely low transport
costs.

Transport costs are generally exprcssed in terms of
the Worldscale Irdex (WS), which corresponds to 20,000 DWT
Vessels.

The AFRA (Average Freight Rate Assessment) rate Qquoted

in specialist publications §ives an average crude
transoort cost at any one moment and by tanker size,
eéxpressed as a percentage of Worldscale. Current rates

are shown in table 1,11 . Present $DOT prices on
GULF/EURCPE routes are very low indeed = WS 35 in the case
of VLCC (tankers of over 123,000 CWT) as opposed to

WS 4u.S5 for AFRA.

Thus transport costs which in 1970 accounted for almost
S0 § of the CIF EUROPE price of PERSIAN GULF crude now
represent only some 3 to 4 % of CIF price on the same
route.

In 1967 closure of the SUEZ CANAL led to a maaor increase
in tanker size, the largest now being around 500,000 DWT.

The volume of end product transport is much smaller and
distances are generally short - East t0 West Coast in the
UNITED STATES, island to island in JAPAN, for example.
Vessels used are of 20 to 30,000 DWT size.



TALE 1.1
APRA QUOTATION = APRIL 1970

L

GENGRAL PUAPOSE 192.4
10000 - 24000 OwT

MEOIUM RANGE 112.4
25000 - 44909 OwT

LARGE RANGE 1 .4
43000 - 79000 OwTY

LARBE RANGE 2 §1.9
00000 - 159000 OwT

viCC .0
100000 - 3139098 OwT

b
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3. ™ sETROLEUN PROBUCTS MATKET [N VIETNAN
MEETING PUTURE REQUIREMENTS

1. Pnnlwa product consumption
1. Crude o1l supplies




INTREBUCT ION

Present petroleum product consumption figures (in tons)
for VIETNAM are as follows :

LPG 20 000
Gasolines $30 000
Kerosene 280 000
Jet fuel 70 000
Diesel oil 710 000
Fuel oil 520 000
Asphalt 80 000
Lube o0ils 78 000

v e——

TOTAL 2 228 000 ‘

The total lack of past consumption statistics for the

country as a whole combines with the troubled state

of the country in recent years to make any study of

future consumption trends very difficult. In this ¥

situation none of the classic consumption forecasting f

methods can be applied : stati;tical and econometric K

mithods depend upon aralysis of sets o past consumption '
gures, either overall or for each of the main ‘

products; analvtical methods require in-depth knowledge

of the maior consuming sectors ard their likely

development, e.g. the vehicle pPopulation (in relation

to gasoline consump+ticn) or the development of electric

power generation (in the case of fuel ocil used in fower ;

staticns) ; ccmgerative methcds attempt to cdescribe future ;

development on the bas® of trends in other, economically -

stronger countries, and there are very few suitable ‘

models for comparison with perhaps the exception of "

rowth in some European countries after the Second World
ar,

This study of the Vietnamese petroleum products market

will therefore be based on a general macroeconomic approach,
which can only be approximative } results obtained should

be considered as orders of magniture, in view of the

large number of hypotheses selected. -




development are added those in the matter of crude oil
supplies.

While local production prospects appear good, it is not
possible at this stage to get an exact idea as to
quantities, grades or when the various potential oil
fields will start to be worked. Use of imported crudes
seems more or less inevitable, particularly since first
findings as to future Vietnamese crude oil quality
indicate that {t is likely to be unsuited to the domestic
market but would on the other hand -under certain
conditions- be readily exportable to major consuming
countries.

ll To the uncertainties as to petroleum product consumption

g
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1, reTROLBUN PRODUCT consumMeTION

1.1. ENERGY PRODUCTS

1.1, QUERALL ESTINATE

An{icv11u¢tion of the data supplied by PETROVIETNAM
-w

c¢h in fact represent plann ng objectives- has

tO be based on domestic energy consumption.

e)

o)

According to BEICIP's information, present
energy consumptrion in VIETNAM can be gauged at
some 7.5 million tons coal equivalent, broken
down as follows

y 8N
Elcctricity (hydro-alcctricity)soo.000.000 kiwh 0.12
Coal 4,00
04l 2,225,000 tong 3.30

7.50

Total coal production is estimated at about

$ million tons, of which 1 millien are exported
=principally to JAPAN.

Assuming the following correlation :

1 ton oil equivalent = 1.5 ton coal equivalent,

present consumption is in the order of 105'k3 0}
per capita.

A comparison was made with other countries in

the region. On the assumption ( enerally confirmed)
that energy consumption per capita can be linked
to per capita income, there appears a range

within which the 1980 energy consumption level

in VIETNAM can be estimated, taking income to be
200 US$/capita.

G e - ol i P e MR AR
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The table ang frcph which follow give an
o

onorgy consumpt

inv ETNAM, considering that

n level of about 180 kg/capita

the demand/income

elasticity trend more or less reflects that of
neighbouring countries, and the Vietnamese GDP
Can be estimated only by default,

Such a method can give only an approximate demand

lavel,

On the basis of 150 kg/capita by 1980, total
energy consumption anounts to

7.7 million TOE
or 11.6 million TCE

broken down ag follows ;

Electricity 0.1 miliion TCIE
Ceal 6.0
i1 5.5

Assuming coal production to b

tons with 2 million of this bei

¢ gsome 8§ million
eing exported,

Petroleum product consumption can thus be

estimated at 5 to 5 million 7
4 million TOE.

These figures are corsistent
of the 1375-138( plan, under
tons total products and 3.9 m
energy products (excluding 1y
are forecast.

Plan objecrtives for 1985 seem
They would ccrrespond to an a

growth of 18 % per annum. Thi
ifficult +o mee: considering

CE' i-.. 3.3 to

with the objectives
which 4.2 million
illion tons of

be oils and asphalts)

too optimistic,
verage rate of

$ objective seems
various factors

likely to moderate The country's petroleunm

produce consumption, among th

em :

+ The refining sector will not be developed
before 1383/1984 a¢ the earliest.

+ The distribution network is at froscnt inade-

quate for fast consumption

opment and

huge investments have to be made to improve
Mmeans of transport and Storage capacities for

finished products.

A T P e BAE e
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+ Local requirements will be satisfied by
imports up to 1963/1384 and this is not an
incentive for dccelerating consumption growth,

For the purpose of the study, future trends in
overall petroleum energy product consumption
will be kept between two fimits defined as
follows :

. an éEE!§ ;§$§t which on the basis of the 1377
marke ’ »000 t) and the "upper" value of
the 1980 market (4,000,000 ¢) will lead to 4
future estimate based on a 15 % annual growth

rate (this is high compared to growth in
neighbouring countries) ;

+ 4and a lower limit which on the 1977 market .
and th?g'T3§3?'-V¢luo of the 1330 marke*
(3,300,000 ) will lead to a future estimate
based on a 10 % annual growth rate (the ave-

rage growth rate in neighbouring countries
would be about 10 to 12 %).

Keeping in mind the Previcus considerationrs on
the development of petroleum activities in
VIETNAM, the lower figures appear the most
realistic.

1877 1980 1985
Energy products 2,370,000 3,300,000 5,300,000
consumption
(in tons) 4,000,000 3,000,000




TABLE 2.
¢ ENERGY CONSUMPTION
. —————————
(xG aoe) Petroleum
1974 1977 | Sreducta
1974
T 1
VIETNAM 108 as
THAILAND 209 230 98 ’
INDONES IA 80 100 -1 }
MALAY SIA 10 g¢
PAKISTAN 130 37
INDIA 138 24
BURMA 37 g1
B8ANGLADESH 20 38
PHILIPPINES 230 250 95
CHINA 430
SRI LANKA 94 94
— B

Domeetio coneumption tnoluding bunkers. Interngl oonsumption
in pefineries and fielde exoluded.

1,000 kWvh = 0.188 rCF
1o =1.8 I
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P.1.2. EETINATED DEMAND STRUCTURE

Table 2.2 shows, alongside Plan objectives for 1380
and 1985, BEICIP's consumption estimates for the
main petroleum products.

The lack of any data on the major consumer sectors
Means that these estimates canno~ be croperly
backed up ; they are rased on developments in
neighbouring or more or less comparable countries
and should be viewed as only preliminary.

LPo

Present consumption is low and will probably de
slow to grow until local production gets under
way. The following tonnages may be assumed :

35,000 tons in 1980
and 70,000 tons by 1985,

Gasolines

In view of foreseeable vehicle population growth
the 1980 Plan target, though on the optimistic
side, seems reasonable. There is nothing, however,
to support the 1385 figure ; an 8 % growth rate
will be assumed for the 1980-1985 period.

KQR.O! ene

The 1980 Plan figure seems slightly oprimistic,
although development of this domestic product is
governed mainly by State pricing policy., The
1980-1935 growth rate will be taken as 13 %.

Jet fuel

On account of the gradual renewal of external

air links and the building up of internal services,
a4 20 % growth rate will be assumed up to 1980
followed by 12 % from 1980 to 1985 - much higher
than present growth rates in most other countries.

-
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growth from now on is very hard

it reflects the country's

Up to 1980 swift growth
§ into account the

rebuilding programme and the present low level ;

after that date
expected,

¢ Fygs oit

4 rate of about 10

Fuel oil consumption will of course
snergy policy pursued prior to the
start-up. for instance, increased ¢
could greatly reduce the need for ¢

costly imports.
similar to those

Growth rates will b
for diesel oil,

% can be

depend on the
refinery

oal production
oreign currency
¢ taken as

-
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TABLE 2.2,

ESTIMATED DEMAND STRUCTURE

PROOLCTS

PRESENT
CONSUMPTION

1980
PLAN BEICIP

PLAN

1985
? SEICIP

-

LPG
GASOLINES
KERQOSENE
JET PUEL
OIESEL OIL
FUEL OIL

TOTAL

20 000
500 200
250 000

70 000
710 000
$20 000

$0 000 3s 000

0oo 800 000
0oo 34§ Q00
Q00 120 000
000 1 300 000

gao 800 000

108 000
320 000
§16 000
367 000
800 000
700 000

70 200
870 Q00
$80 000
<210 200

2 10C 000
1 800 000

2 073 000

gao 3 300 000

712 000

§ 300 000




1.2, NON-ENERGY PRODUCTS

al LuBE 01y CON!UHPT!Q!

Lube 0il demand and demand growth can be compared
to motor fuel demand. Analysis of the 1377 figures
reveals the following breakdown :

Gasoline consumption 500,000 t or 675,000m?
Diesel oil consumption 710,000 t or 8645,000m?

Combined gasoline +
diesel o0il consumption 1,822,000m?

Lube 0il consumption 78,000 ¢ or 83,000m?
Engine oil consumption (60 §) $0,000m?

This gives 3.3 1 of engine oil for every 100 1 of
fuel., This is a high ratio, particularly since
diesel is taken as being entirely engine fuel,

and characteristic of an elderly vehicle population
with a high proportion of trucks to light vehicles.

This figure can be compared to those obtained
elsevhere :

NIGERIA 2.3
MOROCCO 1.9
FRANCE 1.5 (see figures 1 and 2).

In view of the objectives for 1385, not only do
gascline ¢+ gas oil consumption forecasts seem too
high but lube 0il forecasts even more so.

With the 1985 objectives the following figures are
cbtained :

Gascline 1,320,000 tong or 19785,000m?
Diesel oil 3,800,000 tons or 4,285,000m?
TOTAL 6,070,000m?

Lube oils 321,000 tons or 360,000m?
Engine oils (60 %) 215,000m?

i{.e. in 1/100 1 : 3.8




On the basis of annual demand for gasoline and

diesel together being no higher, ig é9§5, than
3,500,000 tons or 4,300,200 m? an ¢ engine oil
consumption ratisé, in 1/120 1, being at most about
2.5, maximum demand for en ine 0il would be
110,0U0cmTor, when converted Ints lute oils,

168 200 tons or 183 S30m?, assuming that the share
represented by engire oils remairs around 5C % of the
total.

Starting from an cvcragc estimate of 3 200 000 tons
for gasoline and diesel oil, corresponding lube »il
consumption would reach about 150 300 tons or 167 J00m?.

ASPHALT CONSUMPTION

Demand for asphalt should also be 4ssessed in the
light of potential requirements, mainly for road
maintenance and moderrisation. Given the lack of
detailed information an initial estimate will be
made on the basis of standard road requirements.

Maintenance 2.5 tons of asphalt per km
Resurfacing 15.0 tons of asphalt per km
Construction 30.J tons of asphalt per km.

Taking the total roadway suitable for motor vehicles

to be some 40 000 km, of which 15 000 Jm are
a4sphalted, present requirements would thus be :

Maintenance 15 000 x 2,5 4 37,500
Resurfacing (10%) 1 500 x 15 s 22,500
Construction §00 x 20 s 15,000

R

giving a total of 75,000 tons

This is consistent with the 1977 figures (80,000 tons)
taking into account other uses for asphalts.

Requirements by 1980 may be estimated, on the basis

of 18,000 km of asphalted roadway, thus :
Maintenance 18,000 x 2,52 48,000
Resurfacing 1,800 x 15 = 27,000
Construction 1,000/ 1,500 x 30 = 30,000/45,000

102,000/117,000




i
!
!
!
!
!
!
!
!
!
!
!
!
!
I
|
!
I
|
J

i.e. about 110,000/125,000 tons taking other uses
into account. These figures are substantially lower
than those contained in the Plan objectives =160 000
tons. (The latter figure would imply the construction
of some 2,500 xm of asphalted rocad per year, a very
optimistic objective).

A similar overation in respect of the year 1985,
assuming 25,000 km of asthalted road by rthis date,
would show maximum asphalt consumpticn at the
180,000/200,000 tons level rather than the 380,000
tons forecast in the Plan.

PETROCHEMICAL FEEDSTOCKS

The products involved -naphtha and fuel cil- are net,
strictly speaking, energy rroducts. However, it
agpour: difficult at this stage to ascertain

whether they are to be produced in addition to
quantities previously mentioned. In order to avoid
oversizing the refinery by too much, it is assumed
that requirements for petrochemicals and fertilizers
d¢ not mean increasing the refinery capacity beyond
energy product requirements. Consequently, these
feedstocks will be drawn either from local petroleum
product requirements or morae probably from surpluses

Created by the relative inadequacy of the refining
sCheme.
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RARKEY PROSPECTS POR PETROLEUM PRODUCTS I[N VIETNAM
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1.3. REGIONAL BREAKDOWN

L

There is a lack of data for the evaluation of a
regional petroleum product consumption breakdown.

A tentative breakdown has been made from the optimal
refinery production pattern, with the sole objecrtive
of defining shipping facilities (see chapter 3),
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2. CRUDE OIL SUPPLIES

The data presently available is not sufficient to define

with accuracy the quality and quantity of Vietnamese crude
0il that could be refined.

Although there are many indications that local production
could be rapidly developed and migh: even exceed domestic

requirements, the use of imported crude oils cannot a prior:
be ruled out,

® LOCAL CRUDE 01LS

The data supplied by PETROVIETNAM shows that future
Vietnamese crude oils will be similar in kind to other
crude oils now produced in this area - paraffinic and,
particularly in the residues, low in sulphur - the
commonest of these being MINAS crude (Indonesia), the
main characteristics of which are shown in table 2.4,
and figure2. where MINAS crude is compared with a

number of samples taken from Vietnamese fields under
unknown conditions.

It was originally intended to situate the rerresentative
future Vietnamese crude oil between twc limits, one to
be MINAS and the other LIGHT SERIA (Brunei).

LIGHT SERIA crude oil is a light crude very well

suited suited to the Vietnamese market., This quality

is unfortunately not very common in South East ASIA. So
LIGHT SERIA constitutes an over-favourable hypothesis
tut one which should nevertheless be considered in
making the ultimate choice of refining scheme. It seems
that Vietnamese crude 0il quality will probably be much
closer to MINAS than to LIGHT SERIA.
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MPORTED CR

There are many valid reasons for importing crude oil,
for example :

1. Localvgroduction may be insufficient in
quantity

2. Local crude may not be of an appropriate gquality,
and may in addition require too high investments

3. It may prove more economical to refine imported
erude oil rather than a Vietnamese crude which
could be valorised on the export market

4., Certain derivatives such as asphalts and lube
bases are better obtained from other types of

crude more appropriate than those commonly found
in South Asia, e.g. MINA.

The commonest crude oils and those most easily
available for importation are the MIDDLE EAST crudes
(from SAUDI ARABIA, IRAN or IRAQ) which vary between

35 and 30° API. In addition, Russian crudes may also
be available.

MIDDLE EAST oil producers are at the mcment trying
to increase sales of heavy crudes by supplying these
along with light crudes. As a result 31° API will be
more easily obtained than 3u° API. This situation
could, however, be counteracted by the availability

of 3u° API Russian crude with a sulphur content
of around 1.5 §%.

The imported crude quality taken as average will be
ARABIAN LIGHT (33.7° API, 1.7 % S), the main charace

T¥Istics of which are shown in Table2.sand figure 2.,




FIGURE 2.4
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This chapter contains the market, technical and econom:ic
data and hypotheses which will serve as a basis for
determining the various rafining structures to meet
domestic demand and for cnoosing the most appropriate
solution in view of VIETNAM's requirements and potential,

It therefore deserves very careful study before any
decision is taken.

The need for a well-defined approach to the problem of
refining in & country like VIETNAM where there remain
many unknows with regard to the market and raw materials,
Means that basic decisions have to be taken in respect of

+ Processing capacity

. Optimum production structure

. Crude

oil supplies.

These will be discussed in turn before entering into
technical and economic aspects of the refining study.

Note that the paragraph § entitled "Economid Data"
will relate -with one or two specific exceptions- to all

parts of

the complex (fertilizers, petrochemicals, etc..).

R,
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1. PRODUCTION PLANT cAPACITY

Future flant capacity should e designed soc as to allow
production to expand in harmony with consumption trends.

Figure 3.1 shows, on the cne hand BEICIP's estimate of
energy product consumption development and, on the other
hand, a number of production growth curves such that
consumer requirements can be met with a minimum of
surpluses or deficiencies.

Several points must be emphasized

. Existing production capacity is nil, although
consumption is sufficiently high to justify a plant.
Bearing in mind implementation schedules, a first
refinery could not be expected tc start-up before
early 1383 at the scones<. By then demand will
have reached somewhere between 4.3 and 5 million tons.
Minimum capacity of the first refinery must, therefore
not be tco much in excess of demand. Taking the
"lower" consumption curve to be the most reasocnable, it
results that capacity should not exceed § million tons.

+ A second refinery will have to Se implemented a few
years later. A reascnable plan for the second refinery
could be capacity similar to that of the first but
with an interval of some 3 to § years,

« If the capacity of the firs<s is & million tons, the

second cannot be above 4 million if it is implemented
four years later, ctherwise there will be from the

very beginning an excess over the highest consumption
curve.

+ The most reasonable plan therefore seems to be S million

tons capacity by early 1983 to be followed early in
1987 by another of identical size. It will always be
possible to adjust the second capacity in order to
match later market developments, whereas this would not

be 80 easy if an over-high initial capacity is installed.
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. Finally, the first refinery could have to produce
asphalt and also feedstocks for the fertilizer complex.
To meet expected demand in 1985 an output of arcund
180,000 tons of road surfacing asphalt per year could
be planned. The fertilizer complex will require some
300,000 tons of naphtha or fuel oil, depending on
the ammonia manufacturing scheme adoptad.

The first refinery will thus involve two possinilities :
. Satisfaction of petroleum-based domestic energy
requirements - capacity 5,000,000 tons/year

« As above plus asphalt and fertilizer feedstock.

Considering that local or imported crude cils are rot
very well adapted to the demand pattern of VIETNAM, it
does not seem advisable to increase the refining capacity
only to cope with asphalt and fertilizer requirements

and finally a design capacity of 5,203,000 tons/year
will be retained for the refirery.

Asphalt production will onlv be considered as a conse-
quence of the selected scheme (if this scheme includes
a vacuum distillation and if adequate crude oil is
available) and it will not be studied further at <his
stage of the study,

In view of the investment involved it would seem advisable
to postpone lube oil production, integrating it into
the second refinery.

With total lube cil demand being 150/155 0CO <ons in
1385, production of some 203,203 tons/yr can be planned
for start-up in 1337 so as to perfectly match 133%C marke:
requirements, taking into account the problem of
additives and remembering that nect all bases can be
produced on the site (naphthenic bases for instance). A
second asphalrt plant could also be added, in view of the
road network extension progammme.

L
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2. PROBUCTION STRUCTURE

OVERALL PRODUCTION STRUCTUKE

The structure of production should reflect as faithe
fully as possidble that of consumption. However, this
principle may not be an economic optimum, if for
instance extremely high investments are required or if
surpluses can be sufficiently valorized on the export
market.

Starting from the selected capacity of 5000000 tons/year
and from BEICIP estimataes regarding the consumption
pattern, an optimal production structure has been
established as shown in table 3.1, assuming as an
initial hypothesis 5% refinery fuel and losses - this

figure in fact varies depending on the production
scheme.




-— AN GE) D G G D D =D R R G B O B & B G aa =

43,
TASLE 3.)
OPTIMAL PRODUCTION $TRUCTURE
M
$ wt 103teons
LPG 1.2 %0
GASOLINE 18.4 770 5
KEROBENE 9.0 490 l
IET PURL 3.9 198
OIEsEL OIL 8.7 1038
FUEL OIL 20.0 1400 s
FUEL + LOSSES $.0 280 v
A -
TOTAL 100.0 5000
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ESTIMATED REGIONAL BREAKDOWN

PETROVIETNAM have worked out an estimated breakdown
region by region for 1385, based on an overall demand
growth prediction which seems very optimistic, leading
tO a breakdown between North and 3outh of 45/55 for
overall consumption and 41/350 in the case of fuel oil.

In view of the North's energy rescurces (coal and
hydro electricity) and the balance which should be
achieved between North and South - population levels
being similar - the share of the toral taken by the
South should perhaps therefore be larger.

For the purposes of +his study and particularly in

order to assess refinery shipring facilities, an estimate
has been made of regional demand breakdown covering

the first years of operation (prior to start-up of a
second refinery in the South) taking the North/South
breakdown to be 40/60, Table3.2 shows the destination

of products by region, assuming the refinery to

supply all requirements.

QISTRIBUTION AREAS WITH DISPATCHING CENTERS

Region 1  Northern provinces except HAIPHONG and
QUANG NINH
Receiving point : HANOI

Region 2  QUANG NINH + HAIPHONG
Receiving point : HAIPHONG

Region 3  THAN HOA
Receiving point : THAN HOA

Region 4  NGHE TINH .
Receiving point : VINH ‘

Region § DANANG (BINH TRI THIEN, QUANG NAM, NGHIA BINH,
GIA LAI, CONG TUM) R
Receiving point : DANANG

Region & DAC LAC, PHU KHANH, LAM DONG, THUNA HAI
Receiving point : NHA TRANG

Region ?  Southern provinces
Receiving point : HO CHI MINH City
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3. oangnaL wyroTHEsES

; hnical and economic calculations are using the
ellowing hypotheses :

« Material balance are expressed in metric tons
« Yearly rate for plants : 8000 hours or 330 stream days

» The stream factor of the various processing units
is taken at 130 % from the starteup

+ All economic figures are expressed in US$ mid 1378,
assuming the following exchange rate : 1 US$ s 3.28% Dongs
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4. TECHNICAL DATA

CHARACTERISTICS OF PROOUCTS AND SPECIFICATION

In accordance with the optimum manufacturing scheme
defined above, products must meet certain specifica-
tions.

Specificarions proposed by PETRCVIETNAM are tresented
in Appendix 4.

uncertainties related the type of crude to be processed
in the refinery. It therefore seems desirable to

allow some margin for the time being at least until
fuller local data is cbtained.

LPg

This is a blend of propane and butane ; however, the
Vapour pressure specification (4.3 kg/cm2 at 1009°F)
considerably limits the proparie content. Such a
requirement in fact means that the blend can comprise
no more than about 10 § propane by volume, as opposed
to 25 % for example in FRANCE.

We therefore Propose that this specification be
brought closer *o the french standard for commercial
butane (8.5 hpz at 50°¢) since meeting the original
requirement might involve additional investment for
the gas Processing plant.

GASOLINE

Most of the gasoline produced has a low octane number.

MON 72 40 308

MON 78 53 408
RON 93 § 39

AVIATION ) 13
TOTAL 100 770

The three gasoline grades will comply with the spe-
cifications required with the exception of the
distillation specification ¢ initial boiling point (IBP)
40°C minimum,




The three !rados must meet the vapour pressure
specification (400 to 500 mm hg).

Type 100/130 aviation could be produced only by
means of an alkyl-tion unit, but this is not reaso-
nable in view of the small quantity of fuel to be
produced. Aviation gasoline produced will be F2 70
grade,

JOLVENTS

Solvent production will not be discussed in detail in
this initial study. Solvents will be assumed to be

manufactured from the gasolire pool and included under
gasoline production.

JET FUEL

Two grades are to be produced :

Yt  10%tong
TC1 70 13§
JPu 30 80

TOTAL 100 135

In the case of TC1 jet fuel, mceting the flash point

and distillation specifications (in ial boiling
point 15C°C maximum and 10 $% vapourised at maximum
165°C) would imply adding light and heavy light and
heavy gasoline to the kerosene cut. This grade does
not correspond to that recommended by the IATA which
is in general use and which has the following main
characteristics .

+ Spe.ific gravity (60°F/60°F) between 0,775 and 0,830
» Viscosity CS (=30°F) maximum 1§
Flash point °C between 38 and 66

Distillation : 10% evaporated at maximum 20u4°C
50 § evaporated at maximum 2329C

Freezing point °C maximum - 50

Aromatics § volume maximum 20
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+ Smoke point mm minimum 25¢

» Sulphur content maximum 0.2

The IATA aviation fuel (JP1 in t-he U.S.A. and TRO in
FRANCE) has the advantage of being much less velatile
than TC1, hence less dangerous to handle.

On the other hand, in the case of 771 grade cff-
specification gasoline can be added, if available in
the form of gasoline pool surplus. Production of the
two types will be compared at a later stage.

KEROSENE

This type of product is usually destined for domestic
uUses. Bearing this in mind the smoke point specification
(20 minimum) could probably be recuced if the direct
distillation cut did not reach this level. The same
applies to the sulphur content which will be largely
determined by the crude oil processed, so that for this
purpose desulphurisation should not be necessary.

DIESEL OILs

Three grades are to be produced :

% wt 10? tons
Type 1 CI u5 78 1378
Type 2 CI 50 10 185
Low speed type IO 15 278
TOTAL 100 1838

The sulphur content specifications required (3.2 % in
the case of types 1 and 2 and 0.5 for LSD type) presume
t00 much of the crude oil quality. In the case of
imported crude it is unlikely that the diesel sulphur
content should be so low, without preliminary desule-
phurization. It therefore seems more reasonable not to
adopt too strict a standard until crude oil qualities
are known. Note that international standards are
usually somewhere between 0.5 and 0.7 % or higher.

® or 20 if naphthalene content is below 3
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Three grades are to be produced :
S wt 103tons
Type 1 70 980
Type 2 18 210
Type 3 15 210,
TOTAL 100 1400

As the case of diesels, the same remark as to sulphur
content can be applied to fuel oil : i- is implied that
low sulphur crude oils are to be processed. Should this
not be the case, such a requirement would necessitate
the construction of fuel oil desulphurisation units wizh
considerable extra investment.

Here again it is wiser to avoid setting up specifications e
until more is known of the crude oil type to be
processed.

Attention should also be drawn to the pour peint speci-
fication - 21, 20 and 25°C for the three types respec-
tively = which may create some problems for the refiner
if the crude oils are nor particularly well suited.
This requirement too may be cancelled though only in
certain cases as not all consumers have their own fuel
oil storage heating facilities.

Except if specifically required, it could be advisable
for the future to reduce *the number of grades of
products and particularly for gasoline and diasel oil
(only two). This to reduce investmen: for storage ard
distribution system.
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REFINING PACILITIES

Included in the refining facilities are :

1. Process units

2, Utility and general facilities

3. Raw material and finished product storage.

Items 1, 2 and 3 together constitute all the installations

to be sited - in principle « within the refinery limits,

It is on this basis that the different refining schemes
will be compared. '

The refining part of the complex also includes :

4, Crude oil delivery facilities

5. Product shipping facilities (sea)

6. A finished product pipeline to HANOI.

Items 1 to 5 will be incorporated into the planned
complex, witN the Optimum layout of the var oQus units
discussed in Volume II.

Some preliminary consideration will be §iven to the
finished product pipeline in volume II, chapter 8.

Paggegg units

The main units are

« Atmospheric distillation (and possibly vacuum
distillation)

Gas treatment units
Conversion units

Refining units.
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Atmospheric distilletion

Atmospheric distillation is a means of obtaining
4 range of cuts from crude oil Sy distillation at
More or less atmospheric pressure,

If necessary heavy ands will Se scecially distilled
in order to obtain cuts for Sracking or hydrogenation.
The latter operation will rake place in a vacuum

(20 to 40 mm Hg) to avoeid premature, uncontrolled
cracking.

According to requirements, specifications to be met
and crude oil quality i<self, the cuts obtained
will be either used as such in blends or processed
in conversion or refining units.

Conversicon units

" These are used to alter the hydrocarbon molecule

structure of certain cuts in order to match require-~
ments more closely.

The following units are included in the various
schemes :

. Catalytic reforminz (see Appendix S) in which
stralght rin gasclTnes are converted into high
octane gasoline components.

+ Gatalytic cracking (see Appendix § )in which
Reavy JistTiTaTes from atmospheric and particue
larly vacuum distillation are ccnverted o high
Octane gasoline ard dis+tillares,

. gygrocgagking (see Appendix 5 ) - high pressure
Sracking in the presence of hvdrogen, a means of
treating a wide range of straigh® run cuts in
order to obtain high grade distillates or gasolines.
A hydrogen producticn urit is required for this
operation.

'S
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. gggégg (see cspandix 5 ) « high severity thermal

ng, used to convert atmospheric or vacuum
residue into lighter products such as gasclines,
distillates and coke.

+ JUigdbreaking (see Appendix 5 ) - less severe
therMal Cracking des:izned either to reduce zhe
viscosity of residue or to crack *he latter
partially and obtain distillacte.

Retining units

The function of these is to process cuts obtained
by distillation or cracking so as to meet speci-
fica;ions. They include :

» Hydrotreatment, generally used to lower sulphur
content and also used to remove components such
48 mercaptants, di-olefins, etc..

"MEROX" type sweetening, a means of eliminating
mercaptans from light products such as LPG
and gasolines.

Mg s
e
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tLy production and distaid Lion

Steam plant and utility production centre located
in the refinery fence are Supplying all the units
with the following utilities :

steanm

High pressure steam 50 bars gage 400°C
Medium pressure steam 15 bars gage 250°C

Low pressure steam 4 bars gage 150=-200Q°C,

Steam is distributed by pipeline to the various users.

!911!t.f!!?-!!!!!-!QQ-E!EE!!!-!!E!E

They are produced in the water demineralization
unit from industrial water received from outside.

Industrial water received from outside is used as
cooling water. However aire-cooling is used as much
48 possible.

Inetcument _end service_eir
Nitrogen

However, a centralized nitrogen network could be
considered in case of nitro!on production ir fertie
lizer plant (case with partial oxidation for ammonia
production),.

All the requirements of electric power are supplied
from the external power plant with the follow ng
characteristics :

« Voltage: 30 kv
« Period : 50 hz - 3 phases

Power is distributed in the refinery from the main
station located inside the fence of the refinery.
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$.8.5. Qenerngt fecitities

They ineclude :

Safety and fire fighting equipment
Waste water treatment

Flare system

Drainage and sevage systems
Telecommunication and alarm system

Buildings ineluding

= control buildings

= administration building
- laboratory

= medical center

= canteen

- offices

= workshops

* Spare parts wvarehouse
= laundry

« guard house

Roads, parking, fences, etc..

8.4, $orgge capecity

Main storage requirements are as follows :

Crude oil storage
End product storage prior to dispatch

Storage of semi-finished products from the various
units, requiring to be blended to meet specifications

Slops.
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1. Cryge_oil_storege

The crude oil storage system consists of three parts

Strategic or reserve storage : a set of tanks,
full at all times

Celivery storage : a set of empty tanks ready
to receive a tanker's load at any time

Operational storage ; in the case of two crude
01l grades there would be :

= 1 tank being filled for each crude oil grade,
i.e. 2 tanks in all

- 1 tank supplying the distillation unit for
each crude oil grade, i.e. 2 tanks in all.

4) 3torage tank capacity

Total crude oil storage capacity is estimated
on the following bases :

. t?o refinery processes two grades of crude
oil

. total crude oil storage capacity corresponds
to no more than 4§ days' processing under
normal conditions.

¢ Sirategic.(regperve) storage_tanks

VIETNAM being an oil producing country is
assured of its supplies. However, the distance
from the oil fields to the refinery is such
that a strategic storage system will have

to be set up close to the refinery. The use

of imported crude oil requires the inclusion

of a reserve storage system to counter supply
fluctuations.

We propose a storage capacity equivalent to

30 days' operation (delivery storage included).
This seems appropriate in view of the relia-
bility of domestic crude oil supplies and

4180 of the investment involved (about

280 FF per m3 on a European basis).

b
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Peiivery_storsge_tanks

These depend on tanker size. As tankers of
ug to 60-70 300 DWT may be used, capacity of
100,000 M3 or 2 x 50,000 m3 must be available.

Qperational storage_sanks

If two grades of crude oil are to be processed,
there must be four tanks, each with a minimum
capacity equivalent to 3 days'production,

i.¢. ¥ x 50,000 m3 = 203,000 m3,

Tank_gizes

. A more detailed study would be necessary in

order to decide optimum tank size, parti-
cularly in the case of reserve tanks, bearing
in mind that investment per m3 in storage
becomes lower the larger the tank. Other
factors have to be taken into consideration,
however, in particular the geographical
distribution of the tanks and their standar-
disation.

The following caracities will be assumed
for the purposes of this study (when two
grades of crude are processed) :

. Reserve and delivery storage tanks

1 month's operation, on the basis of
5,000,000 t/yr, i.e. about 490,000 m3

with the following breakdown :
« delivery 2 x 50,000 m3
- reserve & x 85,000 m3

. Operational storage tanks
4 x 50,000 m3

making a total of 690,000 m3, equivalent
to 42 days'operation.
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b) Pclit;gnig‘ of crude g;; gtorgge tanks

+ Tanker delivery tanks may be sited within
the harbour area, within zone B indicated
on BEICIP drawing n° 78060.A.101 or
within the refinery itself if it is close
to the harbour.

» Operational storage tanks mus+ of necessity
be sired wizhin the refinery.

+ Reserve storage tanks may be sited within
the harbour area, in zone B or within the
refinery.

Two main alternatives will be considered :

* Delivery and reserve storage tarks in zone B ;

.

Operational storage tanks within the refinery

® Delivery, reserve and operational storage
tanks within the refinery.

End-product storage will be directly related to
the refinery production programme.

Construction of an end-products pipeline to HANOI
with a capacity of some 1,000,000 m3/yr will mean
less storage capacity being required at the
refinery assuming it is provided at HANOI where
the pipeline terminates. The greater part of the
products will, however, be shipped by sea, so
that a suitable general assurmption at this stage
of the study would be :

- end and semi-finished product storage : 21 days'
production, destined for the domestic market

« One month's production will be held in storage
in the case of export products, i.e. fuel oils. i

Estimates will be made on the basis of a 50/50
Vietnamese/imported crude oil supply.

l 2, ‘QQI.!QQ-!!T!:fiQE!D!Q-EE-QHEE.!EQ!!I!
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Yiereee of {ntermegiate_gng slops

The purpose of intermediate storage is twofold :

4) to minimise the effects of one of the processing

units coming to a temporary standstill (a few
days at most) and

b) to avoid certain units having processing over-
capacity in respect of some crude oils.

At this stage storage capacities will be assumed to
be directly related to secondary process unit
capacities

¢
» Naphtha : 5 days' operation of tre reforming
urit at nominal capacirty

+ Kerosene : 5 days' operation of the hydrotreatment
unit at nominal capacity

+ Vacuum 6 days' operation of the catalytic
g8&s oil : cracking or hydrocracking unit at
nominal capacity

+ Residue : 6 days' ogerction of the coking unit
T nominal capacity

+ Coking gasoline and distillate : § days' operation

of the hydrotreatment unit at nominal
capacity

When imported crude is being processed, the
conversion units -which treat only Vietnamese
crude effluents - will be fed from the Vietnamese
crude atmospheric residue storage tanks,

Slops storage will in all cases be taken as

2 x 6,000 m3,

Coke_storage

If petroleum coke is to be produced, the following
storage capacities will be required :

+ Green coke storage area 1 month's production
+ Green coke storage silo 6 days' production

+ Calcined coke storage silo 15§ days' production.
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4.0.8. Cryde oil duivgq

4.8.4.

The atmospheric distillation unit will be supplied
with crude oil from the service storage tanks,

Crude oil will be brought %o *he site Dy tanker.
There are two Possible means of doing this

1. Jsing medium sized (5° To 73 202 IWT maximum)
vessels, with tanker berthing facilitias in
the harbour,

2. Usin? larger vessels, wi+h tanker berthing at
mooring buyos and crude o:l discharge by
Mmeans of undersea noses and Tipelines,

The solution assumed throughout this sTudy will be
alternative 1, which implies minimum investment and
Seemg a good choice if Yietnamese crude oil Produc=
tion is soon to start up. However, this does rot
mean that BEICIP recommend this solution. Fuller

details on sea cenditions must be obtained before
making a final decision,

In the meantime, a preliminar:’ comparison of the

tWwo alternatives is included in Volume II, Chapter 3,
which deals with the harbour.

Product 4higg£ng jacieities

Product shipping will be g§overned by the refinery
production programme. Two alternatives will be
considered for the purposes of *his study :

Case A : the Production programme is exactly matched
to demand (see table 3.3)

G48e B : production surpluses and deficits occur as
48 result of the refining scheme not
matching demand.

A deficit of 1 million tons of distillates
(kerosene and diesel oil) and a corresponding
surplus of 1 million tons of fuel oil will bde
4ssumed (see table 3.4),
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In this event priority would be given

to lu;pl ing the North, and imports from
SINGAPORE uged to make up deficits in the
HO CHI MINH area.

The two cases do not include asphalts or raw material
for fertilizer manufacture.
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TABLE 3.3
PRODUCT SHIPPING - CASE A

- ED ) EN R N ) R D G B e B B BB OB o & = ==

CESTINATION LT ALY AN
ons
MANOI LPG 2C 000 Sarge or road/rail
White products 33§ 000 Picalins
Bleck products 250 000 Barges 300 OWT
HAI PHONG LPG § 000 Sarge or rail/road
Whits products 290 000 Coaster 1000/10000 OwT
Black products 100 Q00 Coaster 1000/100C0 OWT
THAN HOA - VINM Whits products 30¢ 200 Road/rail
8leck products 110 000 Road/rail
OA NANG wWhite prodcucts 378 000 Coastere 1000/10000 OwT
8lack progucts 120 000 "
NHA TRANG White products 240 000 Coastere 1000/10000 OWT 4
Sleck products 120 200 . &
HO CHI MINGH LPG 35 000 Coaaters 1000/10000 OwT
wWhits products 24% 000 . _
8leck products 700 000 b
EXPORT @lack products - Tenksre 30 000 DWT

N . x?v i RN
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TABLE 3.4

PRODUCT SHIPPING - CASE §

¥ ]
White produsts
Slesk products

(X o]
White prodgucts
Slesk products

White products
Sleck products

White products
Black products

White products
Slesk products

(K]
White products
Slask produsts

Slechk preducts

88 8% 3% 3i.
88 88 888

g8y
888 88

1 000 000

63.

Serge or road/reil
Pipeline
Berges $00 OWY

Sarge or reil/roed
Cosater 1000710000 DWT
Cosster 1000/10000 OwT

Rosd/reil
Roed/retil

Cossters 1000/10000 OWT
L]

Cossters 1000/10000 DWT
»

Cossters 1000/10000 OWT
[ ]

Tonkers 30 000 OwWT

oy
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S$ee route

Facilities required will be discussed in Volume I,
chapter 3).

The bulk of the production will be shipped by sea. The
following vessel characteristics will be taken as

average :
Tonnage Speed Use

(DWT) (knots) (days/year)
Barges §00 6 5
Coasters 3,300 10 us
Tankers 30,008 13 348

Assuming a 30 % maximum berth occupa*tion rate, require-
ments have been defined as follows, crude oil delivery
included :

Cade A (no 4uel oit exports)

» Destination : HAIPHONG, DANANG, NHA TRANG and HO CHI
MINH

white and black products
coasters of 3,233 DWT on average

2 coaster loading berths

+ 1 shared berth for coasters and barges
+ 1 berth for coasters
+ 1 berth for tankers (crude)

. LCestination : HANCI

black products :
targes of 500 DWT on average

1 barge loading berth
+ 1 shared berth for coasters and barges

+ Destination : HANOI (possibility)

LPG
barges of 500 DWT on average

This !ivcn a total for crude oil discharge and product
shipping of loading/unloading berths.
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€a4t B (fuel oil exports)

. Destination : HAIPHCNG, DANANG, NHA TRANG, HO CHI
MINH

white and black products
coasters of 3,300 DWT on average

2 coasters loading Lerths §
¢+ 1 shared berth for coasters and barges

. Destination : HANOI

black products
barges of 500 DWT on average

1 barge loading berth
¢+ 1 shared berth for coasters and barges

. Destination : HANCI (possibility)

LPG
barges of 500 DWT on average

Surplus fuel oil export

black products
barges of 500 DWT on average
1 shared berth for 3C,J00 DWT tankers and crude
tankers

This gives a tozal of 3 loading/(unlcading) berths.

AR

See Volume II, chapter 3.

2, Road/retil

et o

Quantities involved are :

T R

305 000 tons of white products
100 000 tons of black products.

These are destined for THANH HOA and VINH provinces.
Equal use will be made of road and rail (50/%0).
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Pipeline

This will be used for white products bound for HANOI,

Capacity : 835 000 tong or about 1 9S50 900 m3/year
i.e. 152 m3/n,

Approximate lengsh : 21) km,

A froliminary study of the piceline is contained in
Volume II, Chapter 8.
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Varicus locations have been studied for the refining

facilities. They are studied and compared in Volume II,
Chapter 2 and 3.
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S. Economic DaTA

NVESTMENT

As the lack of data makes an accurate estimate of
local costs and implementation schedules very difficule,
an initial evaluation of investments will be made at

this stage and refined in the secord stage with reference
to the alternartive selected.

In the discussion that follows the project is assumed
to be implemented by a sole contractor with all of the
civil works and some of the erection sub=-contracted

to local firms, the main contractor making available
highly skilled expatriates to reinforce and train local
personnel, and the overall duration corresponding to
the norm for developing countries in the MIDDLE EAST
and South East ASIA.,

An erected budget cost will be worked out for each
alternative assuming West European conditions and then
converted to an erected budget cost for VIETNAM using
4 ratio which will be estimated in the chapters that
follow and which can at this stage of the study and in
view of local conditions be no more than an initial
approximation.

The cost, whether on a Eurcpean or Vietnamese basis,
will cover

+ Materials costs on site

+ Civil works costs

+ Erection costs

+ Engineering and supervision costs.

Total investment will also include various expenses
referred to as Client's expenses, essential for the
implementation and satisfactory future operation of
the plant and covering :
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.« Spare parts

+ Licence fees

. Initial supplies of chemicals and catalysts
+ Pre-operating expenses

. Starteup costs.

INSTALLED COST BUDGET

Below are given some elements for comparing the
installed cost budget of a project in VIETNAM with

the same in other industrialized areas in WESTERN
EUROPE.

The cost which is considered excludes any financing

or prefinancing expenses, these expenses being taken

into account in our estimates for a later stage. Further- |
more, in order to avoid large discrepancies due to the |
form of contract or the elements of the commercial

price, we assume that the cost given hereafter for
comparison is a firm price based upon economic condi<ions
prevailing in WESTERN EUROPE in 1373,

Local data and conditions
M

From a general point of view, local availability of
both equipment and materials and highly skilled
manpower is rather limited. We assume, however,
that local firms will be able to verform the

totality of the civil engineering and part of the
erection works.

No customs duties nor other duties are leviaed on
imported equipment.

The cost of transporting equipment by sea will be

4t the normal international level. Transportation
cost on land will not be high due to the NGHI SON area
having been chosen. Only a small part of equipment
for civil engineering and erection works will be
available. A large part -at least the heaviest
equipment- has to be imported.

The major fart of the basic material, including
cement, will have to be imported,

Additional information will be required at later
stage in order to get a better appreciation of
local firms' erection and civil engineering potential.
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verall installed cost budget ratio between
WESTERN EUROPE and VIETNAM

There follows an estimate of a possible overall
installed cost budget ratio between WESTERN EUROPE
and VIETNAM for future projects. The main differences
derive from ergineering and erection works ard levels
of provisional and allowance factors between a -Sro-

Ject in WESTERN EURCPE and a similar ore in “IZTVAM.

al Material and equipment

Almost all equipment will be imported and locally
available supplies can be considered as negligible.
For such a project, worldwide procurement can be
taken as a basis for material and equipment, and
differential in cost should be assumed due to :

« Cost differential between JAPAN, EUROPE and
UNITED STATES,

+ Impact of currency fluctuations.

Alsc an additional cost on vendor representatives
must be taken into consideration, corresponding

to extra-costs due to distance and communication
difficulties.

Additional spares especially for rotating equipment
can save operatring cost and time during the
start-up period.

For the above reasons, an incremental cost

equivalent to 10 % must be added on to the
material and equipment costs.

o) Trgniport to site

Depending on the actual job site location and
foreign material and equipment source, the
overall cost ratio to move material and equipment
from vendor's shop in the source country to a

material storage area at site would be affected
by the following :
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. Source country's inland freight and handling
charges,

. Export preparation charges
+ Heavy lift charges
+ Ocean freight and insurance

« Air freight allowance for a higher than
dverage use of air freight

+ Port congestion surcharge if any
. Demurrage, landing and clearance fees.

According to this, transport up to site will cost
three times the normal trangportation cost for

4 proiect in WESTERN EUROPE and the cost will
correspond to about 14 % of the ex-workshop

3

material and equipment costs.
Home office engineering service

Several factors affect home office cngincerinf
services, the most important being the following :

1. On engineering design services

Additional costs for travel and local
expenses connected with the engineering
design on the site works.

2. 0On procurement services

Additional costs for long distance and over-
Seas travel and extra on living expenses, on
purchasing, inspection, expediting and
forwarding services due to material and
equipment shopping around and overseas sub-
contractors for the field works.

A 10 % incremental factor will be considered for
the engineering services.
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Construction works
M_

Cost of construction and conditions affecting this
cost are of major importance in calculating
construction ratio between WESTERN EUROPE and
VIETNAM. However, the following figures are only
preliminary due to the lack of .ocal data.

Several factors affect the cost of field
engineering supervision :

. Higher quality field engineering staff

- Larger number of personnel in the field
staff

. Higher cost for travel and living expenses

+ Higher cost of temporary facilities and
communication facilities.

For the above reasons, a conversion ratio of
2 must be applied to European costs.

Materials will be mostly imported : their
costs will be increased by transportation
and related costs and their final cost will
be double that in EURCPE.

Labour will be mostly performed by local or
cheap manpower but the number of manhours
expected will be much higher than in EUROPE.
On these bases, an overall conversion ratio
of 1.2 must be applied to European costs.

3. Grection works

As for field supervision and civil works,
several factors affect the cost of erection
works.

"+« Higher cost of highly skilled expatriate
labour due to site conditions, travel and
living expenses

+ Lower cost of local or cheap manpower but
lower efficiency
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+ Higher indirect costs such as :

- equipment rental

= temporray construction

- small tools

= consumables

= insurance and all indirect costs
= sub-contractrr field supervision.

The overall conversion ratio is very difficult
to estimate at this stage. We consider a
first figure of 1,7,

¢) Ingtalled cost budget {actor on the cafcufated cosLs

To the above calculated costs a provision and
allowance factor is commonly applied in calcu-
lating an installed cost budge<t.

As regards the calculated cost, provision and
allowance do not have the same level on a European
project as on an overseas project in a developing
country due to the greater risk associated with
such a project.

Considering the preliminary character of this
study, provision and allowance on a European
project are estimated at 15 &.

For an overseas project, these provisions must
take into account additional factors which are
called provisions on "translation factor" such as :

- Lack of "hard" estimating da*a for construction
work evaluation

« Allowance for design differentials such as
effects of higher ambient temperatures and for
differences in soil and seismic conditions.

For the above reasons the provision and allowance
are svaluated at 25 §.
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d cost budget

As a rough example, table3.5 gives the overall
ratio starting from the cost structure of typical
refining projects in EUROPE. This leads to a
rounded figure of 1.45 for units erected in

NGHI SON.
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TABLE 3.5
OVERALL INSTALLED COST BUDSET RATIO
L _—
WESTERN
EUROPE RATIO VIETNAM
——————— ——— #‘
SALCRLATED cOoT
Material 1420 1.10 110
Transport to site s 18
SUS TOTAL 1 108 128
Home office services 25 1.10 27
Construction works
= Fisld snginesring supsr-
vision 12 2.00 r;
=« Civil works ]3] 1.20 72
- Erection works 1] 1.70 ..ZZ
SUB TOTAL 2 117 173
Start-up supsrvision 3 3,00 ]
TOTAL TECHNICAL COST 250 1.34 kk!]
TA COST BUDGET FACTORS
g _THE QALCULATEQ COSTS
Provision for contingsncy 1.18% 1.28%
4— e
INSTALLED COST SUDGET 288 1,48 418
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§.1.2. QUNER ITENS OF THE INVESTMENT COST - WORKING CAPITAL

Beside the delivered and erected budget cost of the
plant, other items are to be included into the overall

investment cost. These are generally called owner's
expenses and include :

are parits

Normal annual consumption for this type of project
will correspond to about + $ of the delivered

equipment cost, this to be included in the mainte=
nance costs.

For the initial spare parts which are included in
total investment a basis of 2 years'consumption, or
8 V of the delivered equipment cost is taken. This

rather high amount takes into account the long delay

for delivery.

Initial dupplies of catalysts and chemicals

These are individually estimated for each plant in
the study.

Licence and know-how fees

On the basis of paid-up royalties, the total amount
of licence and know-how fees is also individually
estimated for each plant in the study.

P&g-ogeuung expenses

These are generally expressed as an average percentage
of the delivered and erected budget cost of the plant

and include among others :

- Project supervision by the company staff plus
consulting firms

. Progressive personnel hiring expenses
+ Assistance by the contractors and licensors

« Training expenses

N,
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. L 4 - xpen

This item includes some losses of feedstocks and
utilities during start-up operation.

For the latter two items an average figure of 7 % of
the erected budget cost of the plant will be considered.

. Working capitat

Beside the fixed capital, a working capital has to
be constituted. It may include :

. Raw and secondary material and finished products
inventories

. Terms of payment for raw material and sales

and has to be precisely formulated when the project
is fully defined.

At this stuic 4 simplified formulation will be used :
not taking into account the terms of payment, and
considering only inventories as follows :

Raw material 1 month of normal production
Finished products 15 days of production.
The corresponding cost will be introduced as an

item of the operating cost considering a rate of
interest on this amount of 10 % per annum.
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§.2. OPERATING COST AND OTHWER COSTS

For each Flant the operating cost will be constituted
from the following items :

$.2.1. VARIABLE CHARGES
' utitities

As a general policy it is assumed that electric
power and industrial water required in the various
plants will be supplied by centralized power

lant and water treatment and distribution svstem.
‘he characteristics of these two utility centers
will be studied later.

For the purpcse of the study the following
economic figures will be considered at the gate
of each plant :

. Power (30 kV-50Hz) at 0.1D/KWM or 3¢/Mdh
« Industrial water at 2.170/m' op S¢/m?

Refinery fuel requirements will be directly

taken from the refinery production balance.

For the other plants a preliminary fuel price

will be estimated at26D/1C keal or 8 US$/10%kcal.

Each plant within the complex will produce for its
Own use the required quantities of

stean
demineralized water
inert gas

etc..

The costs of the latter will be taken into account
in investment and connected expenses.

04 auxiliary materials, chemicals and cat L5

Almost all will be imported and then overall costs
are estimated for each plant,
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FIXED CHARGES

Mcnﬁawca cost for operation, administration,
¢ and management

The following average yearly charges are taken,
including salaries, employer's contributions,

holidays and travel, training charges and in-kind
benefits :

. Manager 11 400 D
. Engineers 10 400 D
. Technician/Foremen 8 S00 D
« Skilled workers 7 300D
« Administration employees 7 300 D
« Helpers 6 600 D.

The cost of maintenance manpower is made up of
two parts : cost of maintenance personnel directly
attached to the units and an equivalent sum of

money corresponding to maintenance subcontracts
carried out by external firms.

Foreign technical assistance and supervision

During the first yearsof production some extra
costs due to the utilisation of highly skilled
expatriate manpower are considered. They will be
estimated at 20 % of the total labour cost.

Maintenance costs include spare parts and some
ufable materials such as ludbricants, greasas,

etc.. For the purpose of the study, an average

figure of 4 % of the squipment cost is retained.

Insurance is evaluated at 0.6 % of the erected
udget cost.

ngiaat plant overheads are taken at 30 % of the
npow (including maintenance,

administration and foreign technical assistance).

Rent for land is estimated on the basis of 1000 D/ha.
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A depreciation on a straight line amortization
basis over fifteen years (rate 6.66 % ) will be
assumed for the various depreciable items.

Igggmg tax

Income tax will be computed at 40 % of the tax
basis (gross cash flow minus depreciation).

80.
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COST OF RAW MATERIAL

Raw material will be either local or imported crude oil.
In any case crude oil has to be transported either from
offshore fields in the South or from exporting terminal
abroad up to the receiving facilities at NGHI SON

harbour, and the cost of crude oil at the refinery gate
will be the sum of :

F.0.B. + transport cost + handling cost

&) TRANSPORT

Both crude oils will be assumed to be transported

by the same type of tankers (70/60 000 DWT) compatible
with the characteristics of the NGHI SON harbour
rcccivin; facilities. On the other hand the effect of
utilisation of smaller tanker (30 000 DWT) for
Vietnamese crude 0il will be evaluated.

The following tables 2.5and3.” give the detailed
computation assuming second hand tankers purchased
and equipped by a Vietnamese company.

QZM‘TQIQ TON
LOCAL CRUDE OIL
+ Transported with 70 000 DWT 1,13
. Transported with 30 000 DWT 1.8§
IMPORTED CRUDE OIL
« Transported with 70 000 DWT 4,04

o) F.0.8 PRICE

The official price for ARABIAN LIGHT is taken as
12,708/b1 or 93.47$/t, and for local crude oil

(with the same quality as MINAS) the same price

as MINAS considering that the advantage of geogra-
phical location of the Vietnamese crude vis a vis
Indonesian crude oil when exporting to JAPAN could

be balanced by less favourable freight conditions

(150 000 DWT tankers can be loaded in DUMAI, INDONESIA)

Vietnamese crude oil 13.55¢/b1
or 100.87%/tca
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HANDLING EXPENSES

These expenses are related to the cost of utilization
of receiving facilities at NGHI SON harbour. At

this stage an average figure of 0.5¢/ton of

crude is assumed.

COST OF CRUDE OILS IN NGHI $ON

Adding transport and handlin? costs to FOB Price of
the local and imported, the following figures are
obtained :

. Local crude oil (35.3° API)

- transported with 70 000 CWT 102.30%/ton

- transported with 30 000 DWT 103.02%/¢on
. Imported crude oil (33.7° API)

- transported with 70 000 DWT 38.81%/ton.
It Iﬁp!lrl very difficult to determine what could
be the actual transport conditions of the Vietnamese
crude 0il but the effect ~f transport cost on the
final CIF cost is small and, as an average value,
the following CIF prices will be considered for
economic evaluation :

Local crude oil (CIF) 102.6%/ton

Imported crude oil (CIF) 38.8¢/ton.




TABLE

TRANSPORT COST
RN

T _ﬂ
RAS TANURA JIL PIELOS
TQ (OFFSHORE)
NGHI SON 10
NGHI SON
e —— +’ —
Distance (n.m.) 4 980 730 700
Tanker size (OWT) 70 Q00 70 000 30 000
Cargo (tons) 88 100 88 100 2% 100
Speed (Knots)
+ loaded 16,28 18,25 18
. ballast 16.5% 18.§ 18
Ses time (cays)
+ loaded 13,82 1.31 1.94
. ballast 12.50 1.77 1.82
Allowance (5%)
TOTAL 27.3 3.90 3.88
Port time (days)
» loading 1.5 1.8 13
+ unloeding 1.8 1.8 1.3
TOTAL 3.0 3.0 2.8
Turnaround time (days) 30.2 8.9 8.5¢8
Yearly number of turn around
(345 days) 1.4 $0 52,7
Wr of tankars 8.4 1.8 3.3
Bunkar
+ at ses tons/d 68/2 65/2 42/2
. at port tons/d 18/2 18/2 8/2




TANKER COST ($)

PIXED COSTS (10°'$)

Labor

Meintenance

Insurence/overheed
TOTAL

Financial charges :

+ geprsciation
. intérét

TOTAL
TOTAL FIXED COST 10°$
$ / day
Cost for 1 turnaround
« bunkar
« fixsd costs
. port chargas
TOTAL
Unit cost
$/ ton

Refarsnce WORLOSCALE

W

TANKER SIZE (OWT)

8u.

TASLE

TRANSPORT COST

RAS TANURA QIL FIELDS
T0 (OFFSHORE)
N@HI SON TO
NGHI SON
70 000. 70 000 30 0ao
7 700 coo 7 700 000 5 100 000
o0 300 300
308 308 204
177 177 117
788 788 821
10 years 13 years 10 years
3.9 % 3.9% 3.9 %
1 070 1070 s80
1 885 1 885§ 1 801
§.38 §.38 4,84
183 28.1 18.0
182.8 3.1 30.4
13,5 13.8 7.8
329.3 78.7 $3.9
4,04 1.13 1.8¢8
3




§.4.

FINISHED PRODUCT PRICES

A marketable product price scale has been worked out
on an international basis ‘n the following manner :

a) DOMESTIC MARKET PRICE (ex redineny)

By approximation, a price scale was defined which
would be valid for a Japinese or European type
market such as is assumed to exist in SINGAPORE and
which would allow a refinery adapted to such a
market and not yet amortized to cover its operating
costs and make a reasonable profit. Note that the
prices thus obtained are higher than spot prices

on the SINGAPORE internatioral market, the operating
COST component of the latter being marginal. Cetailed

price calculations are shown in Appendix 1 of
Volume III.

NGHI SOM ex-refinery prices will then be SINGAPORE
ex-refinery prices thus calculated plus transport

and handling costs between SINGAPORE and NGHI SON
(see tableld.3),

b) EXPORT SALES PRICE

Surpluses will have to be sold on international
markets where they will be competing with other
products sold at marginal cost.

Prices will thus be SINGAPORE Spot prices less
transport and handling costs. However, low sulphur
fuel oil produced from Vietnamese crude will be
dssumed to be exported direct to JAPAN under

exactly the same conditions (FOB) as MINAS residue
in INDONESIA.
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TABLE 3.4
Piniones mropyuct PRICES CIN 8/T0N)
M

Computes Sx=refinery Tranepery Ex-refinery  NIGHeSON
#.0.0 SingaArORE cont locel expore

131 10 1414

190 ¢ 196

201
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4. nerinime osuectives

1. Introduction
8. A compromtse selution
3. Mefining schome floatoiltty




Refining is a basic industrv whish in TIZTNAM as
¢lsevnere must mee- scacifis . ctives, This is the
first refinery %o be installes .. VIETNAM where th
market i{s already sizeable - ov million tons - and
likely to grow fast.

Refining is, however, a complex overation involving
4 raw material of widely varying quality depending
spon its origin and must therefcore be acapted tc bo*!
“he raw material and the demand structure. This may
require very high inves:tment.

There is a reasonable charce of discovering oil in
VIETNAM, both onshore and escecially offshore, thus :

{n the event of 1local production either being insuffie
clent or coming on stream lazer thran expectad,

Finally, bearing in mind VIZTNAM's firancial resources,

while at the same “ime ersuring technically and ecorce
mically satisfacrory operation,
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2. A CONPRONISE SOLUTION

The three oblaecrives to he met o7 the “ietnamese refi-irg
industry, while nzt completely contradictory, cannot

all be achieved together unless the structure and

quality of the crude oil treated exactly match domes*ic
market requirements, in which case refining units would
Se kept to the Sare minimum needed ts rransform crude

0il into marketable troducts witrour altering its

natural s<ructure,

Unfortunately, hcwever, this seems urlikely to be the
case, sO "ha~ the refining scheme adoptred will have to
Ce a compromise between the objectives stated in
paragrapn 1,

Such a compromise is in face recessary in viaw of the
uncertainties remaining as a loca. crude oil suprlies
and the domestic market struct-ure.

It must once again be pointad sut that large scale
production of Viatramase ~ryuce il zan in no way be
taken for granted, and furtharmore the assumption that
Vietnamese crude would be similar in qualicy te
Indoresian MINAS crude could not -even if preliminary
analyses of samples indicate that this is soe Se
confirmed for sevaral vaars ves,

The domestic market hypotheses adopted are Tenyuous,
being based on marxet *rends in nelghbouring count
rather than on analvsis of *he Viaetnamese market I

In view of what is known or assumed about crud
quality, a comprcomise solution might *a<e =h
of supplyin; orly a small part of *he domes*tic marxer
ccorresponding investment being at a mirimume op altare
natively covering the *o+al marke- 3- “he zost of very
high investment hcwever, a more probable soldticn
(with a view to the future) woulZ be o meet virtually
the total market requirements, invesrtment being adecuate
to allow flexibility of operaticn.




3. NGPINING SCHENE PLEXIBILITY

from s comparisor of ratural vields of local ard imported
cride 9lls with the Jdomestic market $TrucCture (3ee

figure 3.1) it can be seen that neither of the WO

crudes is really suited to this market } however, they
may complement each other in several WaYS.

The imported crude could nare LD *he gascline defizis
of the local crude ; i+ also Froduces less surclu
residue. From a jualisy viewpcint, 2is~illa-es an-
residue obrained from -he imported crude have a marxedly
higher sulphur content than +he local sruley, but at the
Same time their low temperature is betvter. A particular
oint is that local crude residues are unsui-ed to

ocal use as fuel ¢il, uirless in certain large jpower
stations, bur could on tne other rard be exzorted under
aTTractive terms (at cresent at laast) To CASAN.

Thus with a simple refining scheme local crude could
meeTt only 42 % of -ctal jemand comrared with 35 3 $sing
imported crude ard "4 % if +he two are procesged $C/50,
These percentages would of ccurse be affected if the
refiring scneme axrerded *s inclucde convarsian units,
Sut given the complemen=tarity 5f =-he =we riles, rartie
sularly with ragard +o f.al oils, it arcaars rcreferable
TO process a -_erd of the o, avern 3ucpesing large
quantities of local crude <c ta availas-a,

Jesigning a given :cheme *o $uit a crude blard cffears
some degree of flexibility in that crudes of differing
qualities may be treated,

Thus the refining schemes *c bde scudied and commared
will be designed for a 5:/33 crude dlend +len for
120 % local crude.

Further flexibility may Le achieved through the irclusien
of conversion units to *ransform heavy cuts into lighter
ones, thus allowing crudes very different from those

for which the refinery was designed “o be processed
satisfactorily.

Here again it is evident that maxirum flexidility i{mplies
maximum investment, hence the need *o find a compromise
solution,
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1. CANES A scHames sTuIBD

Two alternatives designs will be studlied :
® 83/8) 1% local/imperted crude

For each of the schemes *he economic results of
processing : - a 5./55 blend

= leccal crude only
= imported crude only

will be compared.

100 % local crude

The different local crude Processing schemes will
be compared.

Comparison of natural vailds, i.e, aftaer distillation,
of local and imrorted crudaes with the marxet structure

reveals a surplus of residue accompanied by a deficit
of middle distillates.

On the basis of Scheme n'! , hydroskimming, which does
not allow crude transformation other than reformirg of
naphtha *o give high ocrtare g§asolire components and
the treatment -if necessarye of gases, light gascline
and kerosene, other schemes o>y which surslus residue
may e opartially or whollv converted into lighter
products have been s-udied.

SCHEME N°2 : CATALYTIC CRACKING

Catalytic cracking feedstock can be prepared from
atmospheric residue by vacuum distillation. This method
means less residue is obtaired and at the same time

gives a large quantity of gasoline and very little
additional middle distillate,
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N ’ TALYT /

The addition of o coking 't.f to the previous scheme
offers a means of >oth remov ng a great deal of the

fiel o4l surplus anrd producing sazisfactory distillates
and alsoc coke,

The coke cculd no* be valorised dnless the juality were
§00d, so only local crude (low sulphur and metal content)
will de treated in the coking unit, This scheme will,
however, irevitably lead to surpluses of naphtha.

SEMEME N4 : MYDROCRACKING

This {s an alternative version of scheme n°2 with hydroe ‘
cracking instead of catalytic cracking. 8y this means

8 1ot of distillaves - including jet fuel « can be
produced from heavy cuts.

N NS : WYDROCRACK]N KIN

As in scheme n°: the inclusion of a coking unit mearns

that there is no lorger a surplus of fuel oil. I+ ig

in fact this scheme *rat vields <he maximum of distillates
without a gasoline surplus. Here again only local crude
Cuts are treatad in the coking urnit,

SCHEME N°s THERMAL CRACKING /COKING

By this scneme atmospheric residue (frem local crude

only) is directly <ransformed into §ascline, distillares
and coke.

CNEME N°7 ; VISOREAKING THERMAL CRACK]ING

This is a variation on *the previcus scheme, atmogpheric
residue deing treated in a two=-gtage thermal cracker.

It would be possidle only if the refinery were designed
for 100 % local crude.




3. nerining scrames BEOCRIPTION

The following table shows tre tyfos of design and feed

according to the differen refin
considered.

ng schemes which have been

A number of 22 refinery production balances have been

established.

The following descripeions include :

1 ]

A brief refining scheme presertation

A block flow diagram saowing the ma<terial balance expressed
in metric tons per year

A refinery finished products bSreakdown.

In the refinery finished products breakiown the refinery
fiel gas/fuel oil consumption i{s not taken into account.

The refinery fuel will “e supplied by :

= refinery fuel gas bye=sroduct
< Aatnospheric/vacuum residues aexcess produces
= fuel ¢il net producsior.

The finished Eroducts compesition from intermediate
products is shown for each refining scheme and types of

design and feed in Appendix 2 ,
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8.1, REPINING SCHEME N°) . MYOROSK MM NG

el

I

TAT

It is “re simrliar refining scheme which have been
congilered, I+ ircludes *re foliowing orocess
unies .

« An atmospheric crude distillation

« & naphtha statilization, a splitting unit

« & catalytic reformer

+ @ Xerosene hyirorreater !

+ @& g4s plant with a LEA *reacer i
t

« WO MERCX units for LPF3Z ard light gasoline
sveetening.

The mair characteris+ics of this scheme are shown
in vable 5.:..a.

When ARABIAN LIGHT crude is trccessed, a <ercsenes
hydrotreater and a light zascline MERCK are required
in order to respect the specification of gasoline
ard domestic kaeroserae,

The gascline rroduction is maximized with an
overhead cut point of 13go2,

The a*mespheric residus ay-= toint, for both crudes
rfoCessed, s 372°2, +this value cermits a fairly
cod dis<illates reccvery ard maies possible the
nregration of <he heavy ATmosoheric zas oil +c
the diesel oil :oool,

Ahen MINAS crude is processed, In order to respect
the jet fuel freezing pcint stecificartion and o
maximize the gasolire zroduction, the cut roints
of the SR kercsere are 177 and 2209C, 300°C final

Cut point gas oil may be used to the manufacture
of the domestic kerosens.

When this refining scheme n°1 is run with a 50/80
MINAS/ARABIAN feed, ascline, jet fuel and fuel

o0il productions are in accordance with the market
forecase,
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9.
TAOALE 1 §-1-g
REPINING SOWME N° 1 MAIN CHARACTEAZSTICS
m
50 § LOCAL CAUOE 190. A
TYhe OF ORSION $0 \ IMPORTED CRUCE _OCAL CRUOE '

100 % | 15C %
M1AS i ARABT AN

MINAS ARARZ AN
m

tvee of PEED 50 3 50 % 190 8

o ATM, OISTILLATION
- QVEMMEAD 179+ 188 - 170- 19¢- 178~
 KEROSENE E.P, 220 240 220 240 220 |
T LA, e, 340, ae, 343, 30e, g
T AT™M, mESIDUE L 379 379 379 70 70 ‘
. CAT. mgrOAMER :
© PgED CUT 80/173 | 78/18% | 80/170 | 88/168 8/
© SEVEAITY (AON; 1 1] 1] T " q
« LIGHT GASOLINE MEAOX NOT USED NOT LSED NG
- "gED Ut 8/78 883
. KERCSENE =7DOROTAEATER NGT USED NOT LSED NO
. mesp CuT 188/24C | 185,240 |
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§ee the following sketches :

« 70080,A,101 MINAS/ARABIAN 53/80 SESIGN BASIS

« 780680,A,111 MINAS/ARABIAN 5C/850 DESIGN BASIS
133 % MINAS FEED MATERIAL BALANCE

« T8080.A.121 MINAS/ARABIAN S$5/52 DESIGN BASIS
130 % ARABIAN FEED MATERIAL BALANCE

« 79060.A.131 100 & MINAS DESIGN BASIS
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¢ IQTAL MMFINSRY PROBUCTIOW

See the following tables :

$.1.¢.1
SnlnCoz

§.1.¢.3

MINAS/ARABIAN 52/%0 DESIGN B3ASIS

MINAS /ARABIAN 32/5) DESTGN 3ASI3
i3 8 MINAS FEED MATERIAL BALANCE

MINAS/ARABIAN 53/50 DESIGN BASIS
100 & ARABIAN FEED MATERIAL BALANCE

102 % MINAS DESIGN 3ASIS
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REFINING SCHEME

TABLE 5,1.c¢.1

N.

1

CASE : MINAS/ARABIAN LIGHT 30/50 %

TOTAL REFINERY PRODUCTION

99,

| U rorau | aor Tora
- |
FRODUCTS 103 T/YEAR | PRODUCTION |
. FUBL GAS as N
: |
. PG 36 I
| . GAsoLINE 587 B,
| ;
| . JeT rusL 198 BN
, |
' .
| . xenosene 248 | 4
! !
f . OIESEL OIL 1118 ‘ 22.3 f
| ; :
. PUEL OIL 1 400 | .0 |
i i
. EXCESS PRUDUCTS ;
| ATMOSPHERIC mESIDUUM ‘
370+ MINAS 1287 2.7
.. Losses -
1
|
?
a— ]

-

+ TOTAL PROOUCTION

$ 000

S
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TABLE 05.1.@.2

MEPINING SCHEME N4

CASE 1 MINAS/ARABIAN $0/%0 DESIGN BASIS
100 & MINAS SEED MATERIAL BALANCE

TOTAL MEFINERY PRODUCTION

i PROcucCTs 105.97&” ‘a%uﬁg%
. PUEL GAS 43 1,0
. LPG 20 2,4
. GASOLINE 423 8.8
. JET PUEL 198 1.9
+ KEROSENE 245 4.9
. OIESEL OIL 121771088 24,3/21,1
. RUEL OIL 37182 /3,2
. EXCESS PRODUCTS |
- ATMOSPHERTC AESIOUUM 2008 56,9
arce
. LOSSES - -
TOTAL SRODUCTION

BOMK : 1 - SUMMER PRODUCTION,WINTER PRODUCTION




TA.L! H 501|Co3
REFINING SCHEME N°® 4

CASE t MINAS/ARABIAN SO/8Q0 JESIGN BASIS
100 % ARABIAN SEED MATIRIA, BA_ANCE

TOTAL RESINERY PRODUCTION

PROCUCT S SOTAL s 0F TOTAL

107T/VEAR SROOUCTION

FUEL GAS 103 2.1

L*G 48 c.3
GASOLINE "5.4

JET FUBL 3,9

KEROSENE 4,3

OIESEL OIL

FUEL QI.

EXCESS PRCOUCTS

- ATHO!PTERIC REIIDOLM
370

« LOSSES

« TOTAL PRODUCTION

M——d
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102,

MR8 ¢ §,.1,4.0 .

REPINING S0@ME M4

o s e pyge cue wars

TOTAL ABPINGRY PRODUCTION

i ,'  PROBUCTS " "".'g?&
« ABL 8 | Y 1.0
o P8 ' 20 e.6
o OBLDE ' T W
| o _ . se
. KSASEDNE 2 4.0
. SIeSEL oL 12171008 - 20,8781, ¢
- ABL ozl (2 . wsa
. UCES PRoOUTY |
- ATREOMENIC RSO 2008 .0
. Losess . .

o TOTAL PROBUCTION %000

SERML : ' - SUNER PRODUCTIGN/WINTER PRODUCTION

i

L |
{
§




103,

0.2, NEPINING SCHEME N° 2 - CATALYTIC CHACKING (FCC)
R — .

a) MEME PRESENTATION

The FCC refining scheme irclucdes all the refining
scheme n°l process unirs plus

+ & vacuum distillation
« & catalytic cracking (F2¢)
+ @& FCC gascline MERCX uni<

The vacuum distillarion unit is used to srepare a
372/880 cut suitadble to feed the FCC unis.

In the 50/87 MINAS/ARABIAN tyre of design this
FCC unir is designed to provide Cg/i°2 gasoline
vields from 30 +o 33 § welght., When a 115 3 MINAS
feed is processed the market gascline demarnd

can be met running the FCC unit With a maximum
g8soline yvield of 35 %,

in the 127 % MINAS design basis rthe gas0line yiaeld
i8 32 % weight (low severity),

The vacuum rasidue cur point, for both crudaes
processed is 550°C ; this value is the most
reasonable ta<ing into account +-e Pressuras/tampaee
ratures limirts in +he vacuum tower flash zora,

This refining scheme n° never satisfies th
diesel oil and domes-ic rerosene requirements.
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TABLE 1 §-2-8
MEPINING SCHEME N® 2 MAIN CHARACTERISTICS

4 SO % LOCAL CRUDE 100 %
TYRE OF OESIGN $0 \ IMPORTED CRUDE LOCAL CRUDE
b‘ _*—-‘
50 A 30 % 0% | 100 % 120 %
TYSE OF FEED MINAS  ARABIAN| MINAS | aRABIAN YINAS
. ATM DISTILATION . ] ) )
- OVERMEAD 170 188 170 188" 170
- KEACSENE =.p, 220 240 220 240 220
- L.A.6.9. E.B. 300, 340 30, 340 300,
- ATM, RESIOUE 179 370 179 370 170
. CAT., REFORMER
- PRED CUT 807170 | 68/188 | ap/170 | 88/1ss 80/170
- SEVERITY (RON) ) as 98 98 38
. LIONT GASOLINE MEROX | NOT USED NOT USED NO
"« PEED CUT cs/88 c8/88
. KEROSENE HYOROTREATER | NOT USED NOT USED NO
- PEED oUT 185/240 165,240
. VACUUM UNIT . |uer useo . . .
- VAC. RESIOUE 550 580 580 350
. FCC UNIT NOT USED
- eEED cuT 70/ 380 370/880 | 370/%8C 3707880
- GASOLINE vIELD st 3o 38 30 10

S U SN U N
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MAT

See the following sketches :

. 78083,A,132
. T8080,A,112

» 78080,A,122

+ 78080.A.132

MINAS/ARABIAN 50/50 DESIGN BASIS

MINAS/ARABIAN 52/52 DESIGN BASIS
137 % MINAS FEED MATERIAL 3ALAlNCE

MINAS/ARABIAN S0/850 DESIGN BA3SIS
100 % ARABIAN FEED MATERIAL BALANCE

100 % MINAS DESIGN BASIS
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¢ FIN 4 110N

See the following tables :
§.2,¢.1 MINAS/ARABIAN 50/8) DESIGN BASIS
§.2.¢.2 MINAS/ARASIAN 53/52 ZE3SIGN BASIS

19

479 % MINAS FEED MATERIAL SALANCE

$.2.¢.3  MINAS/ARABIAN 53/35) DESISN BASIS
100 % ARADIAN FEED MATERIAL BALANCE

§.2,c.0 100 % MINAS DESIGN BASIS
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TABLE §.2,.0.1

REPINING SCHEME N* 2
CASE : MINAS/ARABIAN 30/30
TOTAL REFINERY BRODUCTION

m
Mm
TOTAL 5 OF TOTAL
PRODUCTS )
10° T/YEAR | PRODUCTION
« PUBL GAS 120 2.4
' LPG 0 1.2
+ GASOLIME 770 15.4
« JET PURL 198 3.9
KEROENE 13 8.’
. OtESEL OIL 1.207,8% 28.0
« PUBL OIL 1 400 28,0
» EXCESS PRODUCTS | 780 15,8
- ATMOSPHERIC AESIODUUM
370+ MINAS 7.8 9.8
= VACUUM RESIDULM
§80+ MINAS 310.§ 6.2
+ LOSSES
- BCC COKE 33,8 0.7

T—-————-——___.___J_ ———— |

+ TOTAL PRODUCTION § 000
N————— —b—-—.




L]

MEFINING SCHEME N® 2

TALE 1 8,2,6.2

CASE 1 MINAS/ARABIAN SO/S0 DRSION DASIS
1008 MINAS FEED MATERIAL BALANCE

FLL 0M8
=25
SASQLINE
JET rLgL
KERCIENE
QlEsE. QI
FUEL OIL

ExCESs PRQOLCTS

= ATMOSAERIC AESIDUUM

370% MINAS
* VACLUM mgsIDouuM
$80* MINAS

LOases

TOTAL PROOUCTION

m

TOTAL REFINEAY BRODLCTION

PRODUCTS 1oTAL \ OF TOTAL
——-_-—-"_"-'——"-?'-—'—-—#

- FCC COxe

107 T/VEAR BRCOUCTION
LL 1.7
80 1.2
L} 12,7
il 3,8
Y 4,9
1217/1088 4,3/2%,1
488/709% 9.2/14,8
2082/1900 11,2738
1900 e
‘52/0 3!2/0
38 2
§000

SMAME ' ' - UM PRDOUCTION / WINTER PRODUCTION

108,




TABLE 1 §.2.¢ o3
MEFINING SCHEME N® 2

SASE 1 MIMNAS/ARABZAN S$O/50 CESIG\ 9ASCS
100 8 ARABIAN FEED MATEAIA. $A_ANCE

TOTAL NQFINERY PACOLCTION

e———— S ——————

. y 38 ToTAL
. PLEL 348 132,58 2,7
. MG %0 1,2
. OASOLINE 770 18,4
. JeT rueL 138 1.3
« KENOSENE i48 4,3
. OJESEL OIL 1880 11,0
. PUEL 0% 1400 28,2
. EX28SS PRODLCTS 830,58 ‘2,8
- GASOLIM
$5/198 197, 2,1
- ATMOSPHERIZ RESIDULM
170° 221 2,8
. 08388
- 20 ook 17 2.3
. TOTAL PRODUCTION 8000
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Y“ ] SnZOcO“
MBPINING SCHEME N° 2
CASE 1 100 § MINAS CRUOE DESION 9ASIS

TOTAL AEPINERY PROCLCTION

m—-ﬂm
PRODUCTS 103t/ vEAn PRODUCTION
M

. PO L ]o] 1.8
o« GASOLING 770 19,4
. JET mLRL 198 3.9 ‘
KEROSENE 24§ 4,9
« DlZsEL OIL 1180 22,0
o AL OIL 700 14,9
« EXCESS PROOUCTS 1681 33,2
- ATW‘:;F RESIDLLM 3ss 19,1
. VACUUHUHIIDUU‘H 708 14,1
580°
Lol € '3
h—-—-—-————-——-#——.__—h____d
o« TOTAL PRODUCTION £000
——————r————————
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8.3, REPINING SCHEME N°3 - PCC/COKING
b SRR

q)

LCHINE PRESENTATION

The FCC/z0king refining scheme includes all the
refining scheme r>. ~rocess urits plus :

+ & delayed coker uni-+

+ @& cracked gasoline/light g§&s oil hydrotreater
+ & calcinar

+ & steam reformer.

The delayed coker feed is a mixtuire of MINAS
atmospheric and vacuum resicdues.

In the 50/53 MINAS/ARABIAN type of dosi!n when
30/80 mixture is Processed, the catalytic reformer

is fed with only <he ARABIAN 55/185 heavy gasoline
cut,

The steam raformer is used only in the case of
100 % MINAS crude design basis, In the 50/50 type
of design the hydrogen coming from the catalytic
reformer satisfies ~he hydrotreater needs,

Selayed coking of ARABIAN residuum has not been
considered ; sulphur content of the calcired coxe
produced would be too high.

w“hen this refining scheme n°3 is run with a 53/%82
MINAS/ARABIAN feed, LFG g§asolire, jer fuel, domesti-
kercsene and fuel oil productions ane in accor-iance
with “he market fcrecasts, Ciesel oil demand is

not satisfied ; -otal gasoline, fuel gas, and
calcined ccxe are in excess.
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WPINING SCHEME N°® 3 MAIN CHARACTERISTICS

' TALE 1 §-3-¢

TVPE OF CRSION $0 % LOCAL CRUDE
SO \ IMPORTED CRUDE

30 % 50% | 00 %
MINAS ARABIAN MINAS

100 &
«CCAL cRuDE

1208

Tveg OF PEED ARABRTIAN MINAS

ATM. DISTILLATION ] ] . - ]
* OVEAMEAD 180 108 170 150
- KEROSENE .9, 220 240 220 220
 LAGL0, E.8, 300, 340, 300, 3¢,
- ATM, AgSIOUE 179 370 379 Pe

- PEED CuT 88/18% 807170 §8/1%0
- SEVERITY (MON) s s s

» LIGHT GASOLINE MERDX NOT USED NOT USED - NO
- #EE0 CUT ce/8s

+ KEROSENE HYOROTREATER NOT UseD NOT USED - NQ
~ PRED CuT 168/240

o VACUUM UNIT NOT LSED -

l - VAC, MESIOUE 5s0° s50° 380’

« #CC OUNIT NOT USED -
- MEED CuT 370/%%0 370/5%0 379/88%0
= GASOLINE YIELD /%wt) 3¢ 30 0

+ DELAYED coxem . InoT useo -

- FEED CUT 550 330° 370°%/880°

+ COXER HYDROTAEATER NQT USED -
- PEeo cuY C8/350 Cs/3%0 C8/380

o STEANM mEFORMER NO NG NO .
= PEEO CuT

C8/180
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o) BACCK PLOY PIAGRAN AYP WATERIAL MALANCE

See the following sketches :

*

L]

L]

70060.A,103
78080,A,113

70080.A.123

MINAS/ARABIAN 850/30 ZESIGN BASIS

MINAS/ARABIAN 8C/50 DESIGN BA3IS
120 % MINAS FEED MATERIAL BALANCE

100 % MINAS DESIGN BASIS
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¢ IQTAL REPINGRY PROPUCTION

§ee the following tables :

. $.3,¢.3

MINAS/ARABIAN 52/50 DESIGN BASIS
MINAS/ARABIAN 53/53 DESISN BASIS

ol ]

Ses % MINAS FEEZ MATERIAL BALANCE
100 % MINAS DESIGN BASIS




rasLg 3.3.¢.1

"REPINING SCHEME N° 3
CASE : MINAS/ARABIAN $50/30 %

TOTAL REPINERY PRODUCT ION

TOTAL % OF TOTAL
PRODUCTS 10" T/vEAR | PRODUCTION

. PUEL GAS 221.8 4.4
. PG 80 1,2
. GASOLINE 770 18,4
. JET suEL 198 3.9
. KEROSENE 450 9.8
. DIESEL OIL 1433 20,7
. PUBL OIL 1 400 20,0
. EXCESS PRODUCTS 383.8 7.1

- TOTAL GASOLINE SR

C$/150 MINAS 197 1.8
- ATMOSPHERIC RESIDUUM
370+ ARABIAN 83,8 1.1

- CALCINED COKE 103 2.1
. LOSSES »? 1.8

- BCC COKE 54 1.1

- CALCINATION 23 0.4

% M
. TOTAL PRODUCTION so00 |
As—— — ‘

118,
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Y*' ! 3-3.0.3
REFINING SOMEME N* 3

CASE : MINAS/ARABIAN 50/50 DESION BASIS
100 \ MINAS PEED MATERIAL BALANCE

TOTAL REPINERY PRODUCTION

PROODUCTS 10523::”4 3.3&23?3#
——'—-————l—-ﬁ——-——-—-*—_-_—.‘
o FUEL GAS 190.4 3.8
. PG 50 1,2
GASCLINE 770 18,4
. JET PLEL 198 3.9
. KERCSENE 248 4,%
. OIESEL OIL 1800 30.0
. FUBL OIL 7¢C0 14,0
. EXCESS PROCUCTS 12688,5 28,3
- ATROSPEALC MSIOUN 162, 3.2
= CALCINED COxE 103 2.1
. LOSSES 74 1.8
- PCC COKE Ly 1.0
= CALCINATION 23 Q.8
L--'-"---—'—-l--l-'—------l---—-‘-—-—-—------?-___._-..__J
o TOTAL PRODUCTION $000
S —————— S ——————————————)
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gLl : $.3.2.)
MEPINING SOEME N°® 3
CASE 1 100 § MINAS CRUDE DBSIGN BAS:S

TOTAL MEFINERY PRODUCTION

;OTAL S GF TOTAL
107T/YEAR SRCCOUCTION

PROQDUCTS

. L0 60 1.2
o GASOLINE 770 19,4
JET FURL 189 3.9
« KERQOSENE 430 3,8
o QIESEL OIL 1474 29,8
o FURL QIL 1200 24,9
« EXCR8S PRODUCTS 388 7,8
= QASOLINE 180 3,8
= CALCINED COxE 208 4.2
« LOSSES 117 2,4
- RCC 87 1.3
= CALCINATION a8 1,0
- STEAM MEFORMING s Q.1

TOTAL PRODUCTION
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.4, REPINING SCNEME N°4 - MYDROCRACKING
S ————————

a) NEME PRESENTATION

The HCK refining scheme includas all the refining
$cheme n°. process uni-s sius

+ & vacuum distillation
+ 4an hydrocracking unit
+ & steam reformer unit,
Ehg ,ggum distillation unit i3 used to prepare

v
70 J Cut suitable "o feed the HCX unit.

The HCK unit+ is designed to produce middle distill.
ates for diesel oil marufacrture.

produce jet fuel.

A steam reformer fed with the catalytic reformer
off-gas, supplies hydrogen to the H2K urnit.

Ahen this refinirg scheme n°. is run with a 33/53
MINAS/ARABIAN feed, LP3, gasoline, domestic kercsere
and fuel oil productions are in accordance with the
market forecasts, Ciesel oil demand is not satisfiled.

In the case of 120 % MINAS desigr basis gasolire
demand is not entirely satisfied and rthe fuel oil
production raepreserts oniy 52 3 of the naeds.

' The HCK 15)/185 kerosare cur ig entirely used +o
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TABLE : 8-4-4
REPINING SCHEME N® 4 MAIN CHARACTERISTICS

S0 % LOCAL CRUDE 100 &
TYPE OF QESIGN 50 % IMPORTED CRUCE LOCAL CRLOE
e ———— ‘T
TvPE OF FEED 50 % 50 % 100 % 100 % 100 %
MINAS  ARABIAN MINAS JT ARABIAN MINAS
« ATM, OISTILLATION ) ) . ) .
- OVERMEAD 170 188 179 185 179
- CEROSEME E.P. 280 240 260 240 280
- L AG.O. E.P, 380, 340, 380, 140 350
- ATM., RESIDUE 370 170 370 79 379
|+ CAT, REFORMER
| - FEED CUT 80/170 | 85,188 | 80/170 | ss/1ss 80/170
! - SEVERITY (RON; 3 38 38 g8
. LIGHT GASOLINE MEROX NOT USED NOT USED NO
- FEED CUT Cs/88 cs/88
. KEROSENE HYDROTREATER | NOT USED NOT USED NO
- FEED CUT 165/240 185,240
. VACWUM UNIT . | nor usen . . .
- VAC, RESIOULE 580 &5 559 §50
. HCK UNIT NOT USED
- EEEQ CUT 370/850 170/5¢0 | 370/5%0 370/580
. STEAM REFORMER NOT USED
- FEED CUT CAT, REFORM, CAT, REFORM| A REFORM.| CAT, REFORM,
OFF- GAS JFF-GAS | OFF-GAS JEF-GAs
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RALCK PL0Y PIAQRAN AND WATERA; BALANCE

See the following sketches :

78060.A,104%

73080.A.114

73080.A.124

78060.A.13¢

MINAS/ARABIAN 850/80 DESIGN BASIS
MINAS/ARABIAN £2/53 DESIGN BA3IS

-~

100 % MINAS FEED MATERZAL BALANCE

MINAS/ARABIAN 80/30 DESIGN BASIS
100 & ARABIAN FEED MATERIAL BALANCE

100 % MINAS FEEID DESIGN BASIS
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¢ LOTAL BIPINEEY PROPUCTION

See the following tables

$.4,¢.1

§.4,¢,2

$.4,¢.3

S.0,0.4

MINAS/ARABIAN $0/80 DESIGN BASIS

MINAS/ARABIAN 53/80 DESISN BASIS
120 % MINAS FEED MATERIAL BALANCE

MINAS/ARABIAN 52/50 DESIGN BASIS
100 % ARADIAN FEED MATERIAL BALANCE

100 % MINAS FEED DESIGN BASIS




TABLE §.4.0,1

REFINING SCHEME N° &
CASE : MINAS/ARABIAN 50/30 %

TOTAL REFINERY PRODUCTION

———— LSRR
|m m
. N TOTAL L OF TOTAL

10 t/vEAR PRODUCTION
k. T
: |
. RUEL GAS | .8 1.4
o aLe | 10 L2
| |
+ GASOLING ‘ 770 a 8,4
. JET PUBL 138 } 1,9
. KEROSENE ! 490 3,8
!
. JIESEL OIL 1 s80 31,2
. BUEL OIL 1400 |28
. EXCESS PRODLCTS | |
VACUUM RESIOULM
80+ MINAS 448,58 3.9
: :
| a
! ;
L, LOSSEs 1
-STEAM REFORMER ; s 9.1

i

. TOTAL RODUCTION s 000 ‘

122,
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TAE ' §,4.0.2
MEPINING SCHEME N* ¢

CABE 1 MINAS/ARABIAN $0/90 DESION BASIS
100 & MINAS PRED MATERIAL BALANCE

TOTAL MEFINERY PROCUCTION

121,

PROQOUCTS ;DTAL 5 OF TOTAL
1097/ YRAR PRQOUCTION
o PUBL GAS 33 0.8
o PG &0 1,2
. GASOLINE 589 1,8
« JET PLEL 98 3,3
o KEROSEME <48 4,3
. OreseL o1 1500 30,3
« IXCESS PRODLCTS
- ATMOSPMERIC RESIOUUM 1387 27.3
k Paoks
o LOSSES
* STEAM RERORMEN L] 3.1
o TOTAL SAQOUCTION 2QC0O
M—_




TAOLE $.4,e.)
MBPINING SOEME \* ¢

CASE 1 MINAS/ARABIAN $0/50 OESIGN BAS$IS
100 & ARABIAN PEED MATERIAL BALaNCE

TOTAL REFINERY PRODUCTION

« TOTAL PRODUCTION

[ 1 OTAL | v OF TOTAL
PRhooucrTs 1o;r/vun PACDUCTION
. PUBL 0AS 30 1,8
. GASOLINE 772 18,4
. JET muEL 198 3
. <EROSENE 271 .4
. OIESEL OIL 1838 M,
. PUEL OIL 1400 2%.0
. ExCESS PRODUCTS 33 7.4
- GASOLINE
88,1858 132 2.8
- ATMOSPSERIC RESIDUUM
170* 2y a,s
. L08sES
- STEAM AESCRMER 10 0.2

S

£000

N“




TABLE 1 S.v.e.u
RBFINING SCHEME N° 4
CASE 1 100 % MINAS CAUDE DESIGN B8ASIS

TOTAL REFINERY PROOUCTION

§OTAL
107T/YEAR

« FUBL GAS "
. LUPG 8
« GASOLINE 782
« JET PUEL 198
« KEROSENE 490
. DleseL orIL 183§
. FURL QL0 asQ
« 2XCESS mmODUCTS

= VAQCUUM MESIDUUM 742

S50

« 08888

= §TEAM mgscAmMER 17

+ TOTAL MRODUCTION 5000

-~

% OF TOTAL
#RODUCT ION

8,0

3.3
5.8
38,7
18,8

*4,8

128,
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LE. REFINING SCHEME N°S§ . HCK/COKING

a)

W

HEME P NTATION

The HCK/Coring refining scheme includes all the
refining scheme no. Process units plus :

+ & delaved coker

« @ cracked gasoline/light g§as oil hydrotreater

+ @& calciner.

The delayed zoker feed is *he MINAS 850¢ vacuum
residue.

Lelayed coking of APABIAN res:due has not been consgie
ered | sulrhur content of +he calcined coke

produced would be too high. In this refining

scheme the 3iTX vields are slightly <different from
those shown in tre refining scheme n+ : the gaso-
line production is higher. Part of the heavy gasce
line is sent to the catalytic reformer.

The steam reformer make=up for hydrogen production
le part of total gasoline Ce/ 150,

;his refining scheme may satisfy all the market
orecasts, excep: the fuel oil preduction, Calcined
coke is in excess.
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TABLE 1+ S-8-3
REFINING SCHEME N* § MAIN CHARACTERISTICS
50 % LOCAL CRUOE 100 %
TYRE OF DESIGN S0 % IMPORTED CRUDE _CCAL ZRUDE
Prea——
50 % 50 % 100 % 100 % 100 %
TYPE OF FEZD MINAS  ARABIAN MINAS | ARABIAN MINAS
. ATM, DISTILLATION . ) - .
- QVEAMEAD 150 188 170 150
- KEROSENE £.P, 220 240 220 220
= LJA.G.0. E,P, 300, 340, 300, 300,
« ATM, RESIOUE 370 370 370 170
. CAT, REFORMER ‘88/180 SR 807170 SA . (55/150 SR
- pEED cuUT fs0/150 Hex | ss/185 [ts0/ 180 Wex 180/ 160 HCK
- SEVEAITY (RON) 38 T 38 T
o LIGHT GASOLINE MERQOX NOT USED NOT UBBD @ - NO
- FEED CUT cs/85 :
!
. KEROSENE HYDROTREATER | NOT USED NOT USED - N0
- PEED CUT 188/240
. VACUUM UNIT . |NoT usED -
= VALUUM RESIDUE 350 550° ’ $50°
. HCK UNIT QT Usze .
- PEED CUT 370,550 270/550 170/550 |
i .
. DELAYED COKER NOT USED .
- PEED CUT §50+ | Thi 550° ;
| f
. COKER HYDROTREATER 'NOT USED . |
- FEED CUT cs/380 | C5/380 CS/3%0 |
. STEAM SEEORMER NOT USED .
- BEED CUT CAT. REFORM, CAT . REFORM, CAT . RERORM,
ORF-GAS OFF-GAS OFF-GAS o
[£S/180 GASOLINE

—-————-———-—‘-———-—&———.L____.____________
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o) MOCK P00 PIAGRAN ANP MATERIAL BALANCE

See the following sketches :

78080,A,1038

78380 ,A,1168

78060,A.1358

MINAS/ARABIAN 50/50 DESIGN BASIS

MINAS/ARABIAN 53/50 DESIAN BASIS
100 % MINAS FEED MATERIAL BALANCE

100 % MINAS FEED DESIGN BASIS
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See the following tables :

§.5.¢.1
§5.8.,0,2

§.5.¢.3

MINAS/ARABIAN S2/50 DESIGN BASIS

MINAS/ARABIAN $0/5) DESIGN BASIS
120 % MINAS FEED MATERIAL BALANCE

100 % MINAS FEED DESIGN BASIS
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TasLe b.0.e.1
REFINING SCHEME N° §

CABE : MINAS/ARABIAN 350/30 §

TOTAL REFINERY PRODUCTION
S ——— T —————

« TOTAL PRODUCTION § 000 3
e en————————————

PR N R
TITAL s OF TOTAL
PROOUCTS 187 T/YEAR | PROOUCTION
L# R — r
. PUBL GAS 19 2.4
. LG 0 1.2
. GASOLINE ‘ 70 19.4
. JET PuEL 198 3.8
. KEROSENE 40 .0
. DIESEL OIL 1 008 .’
. PUEL OIL 1979 27.8
. EXCESS PAODUCTS
- CALCIMED COKE 109 2.1
. LOSSES 26 0.8
- CALCINATION 2 0.8
- STEAR REPORMIR ' 0.1

»————-—-—4__1.____.

130,
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TALE ¢ §.8.c.2
MEFINING SO@ME N° §

CASE : MINAS/ARABIAN SO/S0 DESIGN BASIS
100 % MINAS PEED MATERIAL BALANCE

TOTAL REFINERY PROOUCTICON

F——'——'——'———-—-ﬂ——-—————f—
PROOUCTS R eI My
. £ —————
o PUBL GAS 112 2,2
T : ¢0 1.2
« GASOLING 840 12,8
. JET PURL 198 3.3
+ KEROSENE 248 4,9
. CIESEL OIL 1700 34,0
« BLBL OIL 1200 24,0
. EXCESS PRODUCTS 820 18,4
. n:gggn::gismmuum ’17 14,3
= CALCINED COkE 103 2,1
. LOSSES 29 0.8
- STEAM REFORMER 5 G
= CALCINATION 23 .5
e ————————— ——— S ———
o TOTAL PROOUCTION 5000




TALE ' §5.5.0.3
REPINING SCHEME N°® §
CASE 1 100 % MINAS CRUDE DESIGN BASIS

TOTAL REFINERY PRODUCTION

TOTAL
T/YEAR

¥ OF TOTAL

. PUEL GAS 221 4,4
. PG 80 1,2
. GASOLINE 770 15,4
. JET mURL 198 3,9
. KEROSENE ag0 3,3
. DIESEL OIL 1838 36,7
. PUEL OIL 1208 24,2
. EXCESS PACCUCTS

- CALCINED COKE ‘58 3,4
. LOSSES 3z .

= CALCINATION 37 3.7

- STEAM REFORMER 18 3.3
. TOTAL PRODUCTION 5000

132,
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2.6. REPINING SCHEME N°6 - THERMAL CRACKING/COKING

a)

JCHEME PRESENTATION

The TC/coking refining scheme includes all the
refining scheme n3: orocess units plus ¢

+ & TC/coxing unirt

» A& cracked gasoline/ligh+ gas oil hydrotreater

.« @& calciner.

The TC/coking unit fees is the MINAS atmospheric
residue 370+,

TC/coking of ARABIAN residue has rnot been considered,
Sulphur content of the calcined coke produced
would be *too high.

In the TC/coking unit the major part of the 352°
heavy gas oil is thermally cracked in order t+o
increase the light distillates yields ; a little
part is used as fuael cutter s*ock.

Part of the heavy gasoline 33,170 croduced in the
TC/coking unit is used as feed of rthe catalytic

reformer in order to satisfy the zasoline needs.
When a 50/50 MINAS/APAZIAN mix+ture is Frocessed

this refining scheme may satisfy all the marker

forecasts except the diesel oil crocduction,

In the case of 213> % MINAS 2
ard fuel o0il needs are not

. . . .
3.3 3diasal oil
.
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TMILE : $-8-0
AEFINING SCHEME N® ¢ MAIN CHARACTERISTICS

50 % LOCAL CRUDE 100 %
TYPE OF CESIGN S0 % IMPORTED CRUDE .OCAL CRUCE
oo L TR PR —d
S0 % 50 % 100 % 100 % 100 %
TYPE OF FRED MINAS ARABIAN | MINAS | amaBZAN | - mINas
h
. ATM, DISTILLATION _ . _ . _
- QVERHEAD 150 188 170 150
- KERQSENE £,P, 220 240 220 220
< L.AG.O. .7, 300, 100, 300, 300,
- ATM, NESIOUE 170 370 379 370
. CAT. REFORMER €5/150 SR 80/170 SR - 85/150 SR
- FEED CuT 80/170 Tc| 6s/188 t80/170 TC 80/170 T¢C
- SEVERITY (RON) 38 o8 9s 98
i LIGHT GASOLIME MEROX | NOT USED NOT USED - )
- FEED CUT cs/88
. KEROSENE HYORCTREATER | NOT USED \NOT USED . 0 |
- FEEQ CUT 188/240
. TC/COKING UNIT . |noT usep . -
- FEED CUT 370 170 70°
. COKER HYDRQTREATER NOT USED .
- FEEO oUT c8/350 5/380 £8/380
M
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BLOCK PLOW DlAGRAN AND MATERIAL BALANCE
M—M

See the following sketches

73060,A,108 MINAS/ARABIAN 53/80 DESIGN BASIS

78C6C,A, 118 MINAS/ARABIAN $0/589 OESIGN BASIS
137 % MINAS FEED MATERIAL BALANCE

78060.A.136 100 4 MINAS DESIGN BASIS
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¢ IQTAL SEFINARY PROPUCTION
See the following tables :

$.6.c.1 MINAS/ARABIAN 50/50 DESIGN BASIS

£.3,¢.2 MINAS/ARABIAN §3/50 DESIGN BASIS
100 % MINAS FEED MATERIAL BALANCE

$5.6.¢,3 100 & MINAS DESIGN BASIS




TABLE 1+ 8,3,c0.1
MEPINING SCHEME N° €

CASE 1 MINAS/ARABIAN $0/80

-

+

+

W

s OF TOTAL

oTaL
PROQOUCTS Sr/vun PRODUCT 2ON

PUEL 3AS 161, 3,0
LG 80
GASOLINE 770
JET =g 138
KEROSENE 43C
DIEsEL I 1430
sUEL OIL 1400
ExCE8S PRODUCTS 49,8
- ATMOSAHERIC RESIDUUM

170" MINAS 73,8
- CALCINED COKE 193
LO88ES
o SALCINATION 24

m—w—m

TOTAL PRODUCTION 3000

137,
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TARLE 1 §5.6,c.2

REPINING SCHEME N° 8

CASE 1 MINAS/ARABIAN 50/50 DESIGN BASIS
100 § MINAS PEED MATERIAL BALANCE

TQTAL REFINERY PRODUCTION

| PROODUCTS 1637/ vE AR PROOUCTToN
o FUEL GAS 118,8 2,4
. PG 80 1,2
. GASOLINE , s4s 12,9
JET SUB. 198 3,9
+ KEROSENE 248 4,9
. DIESEL OIL 1400 28,0
. FUBL OIL 800 18,0
+ EXCESS PRODUCTS 1412,8% 28,3
- AT"‘«QS:;QDSIPC'I&:IDUUM 1303, 5 28,1
= CALCINEGC COkE 109 2.2
» LOSSES
= CALCINATION 24 3.5
?—-—-————'—-——‘————-—-i————_J
« TOTAL PRODUCTION $000
—————————————————
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TABLE 15,6,.¢.3
MPINING SCHEME N® 6

CABE 1 100 & MINAS CRUDE ORBION BASIS

TOTAL REPINERY PROCUCTION

PRODUCTS

« FURL GAS

+ PG

» GASQLINE

. JET PURL

» KEROSENE

» DIESEL OIL

» TUEL OIL

+ EXCESS PROCUCTS
© ATMOSPHERIC RESIOULM

7o

= CALCINED COkE

+ LOSSES
= CALCINATION

« TOTAL PROOUCTION

mm—m

PRODUCTION

JoTAL % OF TOTAL
10°T/YEAR

182 kM |

60 1,2

770 15,4

138 1,3 n
430 3.8
1500 30,0
1100 22,3

848 12,3

434 9,7

212 3,2

a7 1,0

h———-——-—-—*———__*-_.—___‘

S000
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E-7. REFINING SCHEME N°7 - VISBREAKING/THIRMAL CRACKING

SO

e)

SCHEME PREJENTATION

The VB/TC refining scheme include all the refining
scheme n°! process uni-g plus

. & V8/TC unit

+ & cracked gasoline/light gas oil hydrotreater,

The VB/TC refining scheme has Leen considered with
only one type of design and feed : 130 % MINAS.

The VB/TC unit feed is the MINAS atmospheric
residuum 3707,

VB/TC of ARABIAN residue has not been considered ;
the ARABIAN residue 370+ may be used as fuel oil

without any processing to decreass viscosity or
pour point,

V?/TC operation or. MINAS 373+ rasidue would require
Pilot assavs in crder to determine if the visbroken
residuum produced may be used as fuel oil without
any sedimentation problems.

This refining scheme may satisfy the market demand
of fuel oil but light sroducts and diesel oil
needs are not satisfied,




i1,

TABLE 1 §-7-9
REFINING SCHEME N® 7 MAIN CHARACTERISTICS

SO % LOCAL CRUDE 100 %
TYPE OF orszon S0 % IMPORTED CRuDE LOCAL CRUCE
50 % 50 § 100 % 100 & 100 %
TyPe oF reeo MINAS  ARABIAN MINAS | ARABIAN MINAS
. ATM, DISTILLATION . . . )
! - OVEMMEAD o"
| - KEROSENE E.P,
220
- LvoGo°| !oPo 300
. CAT, NEFORMER i . . .
- PEED CuT 80/ ;sm
- SEVERITY (AON)
+ LIGHT GASOLINE MEROX - . . - NO
- FEED CUT
« KEROSENE HYDRQTREATER . . . . NO
- EED curT
. VB/TC UNIT . . . . .
- PeED Ccut 170
. VB/TC HYDROTREATER . . . .
- PRED CUT C8/380

-
—n—---—-------
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" § M_AN T

See the following sketche :

78080.A.137 100 % MINAS DESIGN BASIS

--—--—--------




S

-
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o I0TML MMTINERY PRgPUCTION

See the following table

§.7.¢.1 13C % MINAS DESIGN 3ASIS

163,
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TABLE ¢+ 5.7.¢.1
MEFINING SCHEME N°® 7
CASE 1 100 % MINAS CRUOE OESIGN BASIS

TOTAL REFINEARY PROOUCTION

PROOuUCTS 10523:;« :nggu;g;b&

J—"-'-'"'-"'-"-"'———1-——--—--—--f-—-.-—_...._‘

« FUBL GAS a8 147

. PG 30 1.2

« GASQLINGE L F ¥4 12,4

o JET PUEL 138 3,9

« KEROSENE 245 4,3

. OIESEL OIL 1382 27,2

. FUBL OIL 1400 28,2

. EXCESS PRODUCTS 1250 25,3

- ATMOSPHERIC RESIDUUM
K doid

« LOSSES

+ TOTAL PRCDUCTION §000
————————————————
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3o TOCMO-8CONONIC conPanisen

This par+ presents the mair elements of the technical
and economic comparison of he various cases and
sChemes studied.
Successively for

Design 50/50 ¢ MINAS/ARABIAN LIGHT

with  50/50 local/impcrted crude feed run
with 100 % local crude feed run
with i12C % imported crude feed run

Design 100 % MINAS
with 100 % loecal crude feed run

the following tables show :

1. Process unijt design cacacities
2, Total refirnery production

3. Utility talances

. Investment calculation

s, Operating cost calculation

8. Economie comparison,

148,
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& RESULTS

The mos<t significan: results of the technicoe-economic
comparisons are shown in table .

From these results can be seen

The effects of the quality and costs of the crude
©ils processad

The refining schemes best suited to the market, from
4 technical and econonmic viewpoint,

Local crude oil does not correspond to demand 3 hence,
processing solely local crude #ould mean heavy investe

ment if demand is to be matched,

Processing -in part ar leas+- cf an imported crude
il of tvpical ?ersian Gulf grade offers a means of
reducing investments (though not in the case of the
simple scheme) and considerably increasing quantities

sSupplied to the domestic marke-,

Local crude oil with its low Sulphur ccntent cannot
be used to bes- dvantage on *he Viertnamese domestic
market, which makes i+ too expensive com-ared with
imported crude oil under tre internaticnal market and
transport corditions retained for this study.

The simple scheme (n°i : Aydroskimming) involves th
least investment ; however, it is much more suitable
for imported crude (:7 % market satisfaction) +han

for local crude (only 42 %) and could ror Se considered
unless a high proportion of imported crude is to be
processed,

The schemes involving coking (n%s coking/ thermal
cracking) and hydrocracking (n°u) satisfy the market
fairly well and at the same time dn not require too
high investment } however, extra investment over the
simple scheme amounts to more than 100 million dollars.
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The ceking scheme (N°6) is less costly than the hydroe
cracking scheme (n°s), but product quality is less
certain. In addition this scheme requires at least
partial supplies of local crude oil so that coke
produced can be valorized.

The hydrocracking-coking scheme (n°3) is both the
Dest suitel to *he marxe: and -he most costly. As in
the case of scheme n°3, a partial supply at least of
local crude would be necessary.

The schemes comprising a catalytic cracking unit

(n® 2 and n® 3) are not particularly attractive, unless
the gasolire (or naphtha) market proves larger *han
expected,

Most of the proposed schemes will lead to surrluses
of some products - fuel oil, cokae, naphtha «. Valorie
sation of such surcluses on the export marke:t conside-
rably affects profitability, particularly in <he case
of schemes involving significart surpluses, i.e. n°1
(hydroskimming) and n°2 (catalyric cracking).
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