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NATIONAL RESEARCH COUNCIL

ADVISORY COMMITTEE ON INTERNATIONAL TECHNOLOGIC ASSISTANCE
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ILING AIIURESS:
ONlITlTUTIOII AVSIIUS

.. I NGTOII 25, D. C.
DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH

Jul1' 10, 1954

OFFICES:
1346 COIII..CTICUT ...vaIlUS, II. W .

Mr. Harold V. Bozell, Chaiman
Adv1so17 COIIIIIl1ttee on International Technologic Assistance
37 Lincoln Street
Larchmont, New York

Dear Hr. Bozell:

I am sending you herewith the report on the Utilization of Waste Gases
in Saudi Arabia by the staft and the special panel set up under the direction
of your COIIIIIl1ttee. This is now rea~ for transmittal under Task Order No. 1
of Contract SCC-21718 between the Rational AcadllllY of Sciences and the Foreign
Operations Administrat.ion.

The report is in two sections: (1) The report ot the special panel set up
as later outlined in this letter and (2) the report of the staff comprising six
months survey and analysis of the technologic and economic questions inherent in
the probl_ of the utilization of flared gas.

A special advisory panel was appointed on the recommendation of your CODIDittee
and under their direction a project director and associate were employed. The
names of the COIIIIIittee, the panel and the staff are appended herewith. Three
meetings of the special panel have .been held and the staff has had the counsel and
advice of the individual members ot the panel throughout the survey and analysis
of the several technical proposals which were recoJrlIlended for study by the staff
at the first and second meetings of the panel.

The recOlllIle~dationa were given final review and discussion and unanimous1.7
approved at the third panel meeting held June 23, 1954. At the final meeting there
were in attendance also the members of the Advisory COIIII11.ttee on International
Technologic Assistance and the Chairman of the Division of l!'llgineering and Industrial
Research under which the Advisory Committee is set up in the National Research
Council. The Panel at its final meeting agreed to continue in an advisory capacity
until September 30, to be available if requested for supplementary advice on the
original request.

The Chairman and members of the panel and staff wish to express their
appreciation to the ma.ny specialized agencies and experts who cooperated in
securing intonaation. A list of these sources is appended to the s'taft report •

.--lours very trl
(' I r:-,
/~ eikor7<;.(k

Technical Director
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"ml RocO!!IDGQdAtiaM at Special Pan.l,

on

The ut.il1zat1on ot Waste Gases in Saudi Arabia

The National Acade11117 of 8ci.nces-lational Research CouncU under

Task Order No.1 of Contract 8CC-21718 between the AcadeJDT and the

Foreign Operatione Administration was requested to "conduct studies and

surveys in the United States based on availab1. information on the

technical and engineering feasibility of the utilization of nare gases

fran oil producing operations in saudi Arabia (if it is necessary to

accomplish the purposes of this Task Order for experts to be sent to

Saudi Arabia, prior approval therefor will be obtained from FOA); to

give particular attention to the possibility of producing fertilizers or

components thereof from these gases; to include consideration of other uses

and products obtainable from these sources; to consider also the Utiiliza

tion of other natural resources of Saudi Arabia and the surrounding area

in connection with these flare gases; and to advise and recomnend to the

FOA in the interim and final reports the processes, products, and uses

which appear to bear promise of useful exploitation, and the steps which

might be taken to put these recommendations into effect ...
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The special panel appointed by the Advisory Committee on Interna

tional Technologic Assistance submits the following S recommendations

as its conclusions from the survey and ana1y8is made by the special

staff under its direction. The principal facts relating to the various

projects outlined below are analysed in the attached Table I.

1. Cement The study indicates that a cement plant (capacity

1,250 barrels per day) is a very promising proposal. The raw materials

necessary - limestone, gypsum, and clay - are available in Saudi Arabia.

A moderate amount of gas would be used to fire the kilns. Our informa

tion indicates that there is a sufficient domestic demand in Saudi

Arabia t.o take the entire plant output. The price of imported cement

leaves a very satisfactory margin of profit over the estimated pro

duction costs.

The plant is relatively simple to build and requires a relatively

small staff of trained technicians. It presents a large opportunity

for the training of local operators and supervisors.

The fact that the entire output of this plant would be useful in

Saudi Arabia puts this proposal in a separate class from all the others

from the standpoint of direct benefit to that country.

It is recoDlllended that this project be studied on location by

qualified experts to det.ennine optimum capacity and engineering details

necessary for design.
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2. Sulphur Recoverx Recovery ot sulphur trail the gas is a

necessary preliminary step for most of the gas uses cO'Yered in this

study. The figures in the Table refer to the treatment ot 100 million

cubic feet a day, based on an average ot 5 per cent H~ in the gas.

There is a large m&.rg1n of profit over t he estimated costs tor a

shipnent ot elemental sulphur. 'l'his seems to be a tavorable project

economically regardless of the disposition of &IV' other project dis

cussed herein.

3. P'ert.ilizer. The successful operation ot a tert.ilizer plant in

Saudi Arabia depends primarily upon the expo~ market. EetiDlatea ha'Ye

been made that UDder present conditions the max:l.mum local use of

fertilizer in Saudi Arabia might be 5,000 - 10,000 tons per year.

Since nitrogen fertilizer production to be economical must be a

fairly large project, and since the estimates obtained in this study

indicate a rather modest margin of market value over cost ot pro

duction, it would appear that further intensi 'Ye study should be made

before any decisions are mde to establish fert.ilizer plants in Saudi

Arabia. 'l'his should include a study ot the competi\.ive situation,

present and prospective, in other countrie8 of the Middle and Far :&.st.

The report ot the Starf includes a discussion or the relati'Ye

desirability or the production of various types ot fert.ilizer, which

discussion would be of value in the further study of this matter.
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Briefly sUJIIDarized, it appears probable that in entering into fertilizer

production in Saudi Arabia, the bes~ first step would be the production

of ammonium sulphate and urea. An economical size 8J'lmonia plant with

a. capacity of say 52,000 NT per year is required as a preliminary to

the production of nitrogen fertilizers. The production of ammonium

sulphate at the rate of 160,000 NT per year would be a suitable first

step. Farmers in the Middle and Far East have been accustomed through

long experience to use of anunonium sulphate. Agronomists approve of

it as an almost universal nitrogen fertilizer for rice and mos\ other

.crops, and as being particularly suitable to alkaline soils. There

will be a minimum of sales resistance. There are no special problems

of storage, handling, or use. Urea also finds good acceptance for

rice culture. It has a higher percentage nitrogen than ammonium

sulphate and will bear shipping for greater distances.

A desirable second step might be the production of ammonium

phosphate and possibly concentrated superphosphate.

The desirability of proceeding with these additional steps might

depend upon the phosphorus needs tor the area which would be served

by these plants.

Ammonium phosphate is a fertilizer of high analysis, can be made

of good mechanical condition and with no serious problems of storage

or use. Its production and the production of concentrated
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superphospha.te would require the establishment ot a 8ulphuric acid

plant and a. phosphoric acid plant.

In addition to the use of urea and certain phosphates in tertilizers

there is a real opportunity to use those compon~t. in teed 8upplements

in animal husbandry.

4. Carbon Black - Channel A channel black plant. ot modest size

to produce 10,000 tOM per year would cODBwne about 25 million eFD

of natural gas and appears to have a fair prospect of profitable

operation tor expo~. The current U.S.A. export of channel black

amounts to approximately 100,000 NT per year. Channel black is pre

terred tor use in the compounding ot nat.ural rubber. The future world

use of natural rubber is estimated to increase trom the present amount

of 1.8 million long tons to 2.5 million long tons by 1975. U.S.A.

production of channel black is decreasing because of the value ot

natural gas for other purposes and because of th~ improved quality

of oil furnace blacks. There appears to be an excellent prospect.

ot a continuing export demand tor the production of a channel black

plant in Saudi Arabia.

Due to the decrease of production of channel black in the United .

States, there is a prospect of obtaining a second hand plant and thus

reducing capital requirements in Saudi Arabia. This is reflected in

the investment tigure ot 5 million dollars given in the Table. The
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rate of return on investment indicated in the prel1m1nar,y stud1' i8 not

high. On the other hand it would make use of the gas which is here

assummed at 3¢ per MeF, and a further study of profitability would

seem to be justified.

5. Sxnthetic Rubber The proposal tor the establishment of a

synthetic rubber plant in Saudi Arabia has considerable long-time

appeal because of the estimated large increase in future years ot

the world need for synthetic rubber. It is estimated that by 1975

world requirements will be 2.5 million tons of synthetic rubber a

year compared with the present annual production capacity of slightly

more than 1 million tons.

The data dfYf"eloped by the Staff indicate that the principal raw

mat.erials - butane, Isobutane, and propane - can be obtained. fran the

natural gas in Saudi Arabia. For the amounts shown in the table a

minim'lml ot 92 million om ot natural gas would be treated. The figures

in the table indicate the amounts ot butane and propane cuts deducted

in the process of treatment. It would be necessary in addition to

obtain benzene and isoprene in relatively small quantities by importation.

The amount of GR-S rubber produced by an economical pla.nt 

46,000 long tons per Jrear - should be absorbed easily by European and

African marketc. On the other hand, the amount of Butyl rubber pro

duced by an 'economical plant is nearly 50% of the present world
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production of thnt type.

The figUres produced by these estimates do not indicate an adequate

margin of market value over production costs to justify the capital

investments required. The project is one ot great importance, hO~leYer,

and it would appear that if the project seems desirable trom the stand

point ot general considerations, further study would amply be justified

by specialists in this field. This study should include the possibility

of transporting to Europe the butane and propane cuts ot the gas tor

use there in the manufacture ot rubber as discussed in the Start report.

6. Transportation of Gas to European Markets The only project

which the Panel and the Statt "lBve developed which would make a large

use ot the tlare gases presently wasted is the transportation or the gas

to European markets.

The Panel believes that a gas pipe line, based upon the Bechtel

survey, is economically feasible and that European markets could easily

absorb the I billion CFD ot natural gas available in the Middle Fast.

The project would cross DI8.IlY national boundaries. It is recommended

tor detailed study if and when it is not ruled out by political or

other general considerations.

The alternative method indicated in the Table tor transport;a.tion

of liquefied gas deserves, we bellwe, the most careful study. This

involves liquefaction of the gas in Saudi Arabia and transportation
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at atmospheric pressure in specially insulated tankers to the markets.

This proposal is somewhat revolutionary in character and the cost

estimates are necessarilY preliminary for lack of a~ experience in

this method of transportation. Based on these estimates, the project

would be quite profitable. If successful, the project would be of

great benefit both to Saudi Arabia and other countries of the l.fiddle

East and to Europe. The Panel recODr.'lends that this matter be given

very careful study by qualified experts as representing possibly the

most hopeful opportunity of making use of these gases. It is further

suggested that the results of the Chicago project for transporting gas

in this way be awaited before firm conclusions are made (see Staff

Report pp. 138 and 142).

The figures on the Table are based on :3 hundred million cubic feet

a day of gas from Saudi Arabia, representing the present flare gas

available. The figures are proportionate allocations to Saudi Arabia

of larger projects to take care of waste gases for the entire Middle

East area.

It is understood that if a profitable use of gases can be made,

there is every prospect that by exploration additional amounts of

natural gas could be found in Saudi Arabia.

7. Electric Power There is no prospect of economicallY trans

mitting electric power fran Saudi Arabia to the large markets of Europe.



- 9 -

The power developed would therefore be limited to that required locally

for any of the above projects &nd for the use of the local poPulation.

The plant indicated on the Table - 40,000 kilowatts - probably would

be adequate for any of these purposes at the present time.

It is recommended that the power project be reviewed particularly

as to costs when the requirements have been determined more definitely.

s. Other Pro.1ects The Panel has given consideration to a number

of other proposals and at the request of the Panel some of these have

been studied by the Staff. These include production of aluminum, caustic

soda, and chlorine. None of these appeare to be sufficiently promising

from an economic standpoint at the present time to justify a recomnend-

ation that they be considered further.

Respect~ submitted,

Harold S. Osborne, Chairman

Robert L. Bateman
Harry A. Curtis
Henry Gardiner Symonds
Joe J. King (Alternate)
Mayor F. Fogler
1m A. l-1cCall
Joseph Pope
R. B. Wittenberg
E. L. DeGolyer



Table I Anal,sis of Principal Projects tor Utilization of Waste Gases in Saudi Arabia.

Item Plant Amount Gas Capital Product Cost Market Value
.No. Type of Product Capacity Required Investment million ~ annual million $ Remarks

per yr. millions CFD million ~ before return annual.
on investment

i

Cement 400,000 4 8
.

1 1.2 3.0
bb1s.

2 Sulfur Recovery
(per 100 million CFD) 65,000 S 4 1.0 3.3 Product Cost @ 'lS.SO NT;

NT Market Price @ ISo NT in
Europe; Freight trom
Saudi allowed @ $20'NT

3 (a) Fertilizer (First Step) S 20
~ ~

S2,OOO NT annual capacity
Anmonium Sulphate 100,000 ~' uses 38,400 NT N113NT kat value 'SO NT

Urea 10,000 1.0 1.3 Market Talue USA
NT $l.2S NT; Usea S400 NT

NB3 leaving 9000 NT NH
3capacity.

3 (b) Fertilizer ~eCOnd Step)
AJrmonimn osphate 18,000 0.8 2.0 2.0 USA market value
(Wet Method) NT 0101.00 NT. Saudi cost

$108. f:fJ NT. In addition,
need capital investment
($1.8 million) for
H)P04 and H2SO4 plants.

Concentrated
Superphosphate 30,000 3.3 2.4 2.4
(Wet Method 46/48% P20S) NT

4 Carbon Black - Channel 10,000 2S S.o 1.1 1.5 Market value @ 1.5¢ lb.
N'!' t.O.b. USA works, 10¢ lb.

FAS NYC export. Saud1
cost 5.5~ lb. ' I

t;



Tabl.e I Anal.ysis of PrincinaJ. Projects for Utilization of Waste Gases in Saudi Arabia l continued

Item
No. Type ot Product

Plant
Capacity
per yr.

Amount Gas
Required

millions CFD

Capital Product Cost
Inve stment million $ annual
million $ before return

on investment

Harket Value
million $

annual
Remarks

5 S~tic Rubber

Butyl

46,000
LT

46,000
LT

2S*

3 *

82

59

20

19

23

22

Saudi cost @ 20¢ lb.
Market value 23¢ lb.

Saudi cost @ 19¢ lb.
Market value 22¢ lb.

6 (a) Transportation of Gas
Gas Pipe LIne

6 (b) Liquefied Gas

1800 m1es 500
34"-36" pipe
700 miles
24"-26" pipe

20 tankers 500
15000 NT each
Liquefying
plant for
500 million
CFD

500

350

00

55

95

77

Cost @ 38¢ MCF delivered
Europe, 1949 costs times
1.2; market value @ oo¢
MCF wholesale. This is
Step 1 of 2 equal stages.

Cost 43¢ MCF f.o.b. Lon
don; market value oo¢ MCF
for wholesale distri
bution yield of 400 HMCFD
to markets.

7 nectric Power 40,000
KW

11 1) lS Saudi cost at 6 mills
per KWH

* Butane and propane cuts actually required - approximately 275 million CFD required to produce these cuts if all
natural gas is tnken from Abqaiq up to the full pressures of 500 psig. A minimum of 92 million CFD need be pro
cessed by resorting to the gases at Abqaiq and Ain Dar at pressures only up to 50 psig.

L

~
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FORBWORD

Q:l Icmaber 1, 1953, the Foreign Operations Administration made the

to1l.old.Dg request to the IatioDBl Acadeuv ot Sciences-Rational Reaeareh

Council. It asked the Acadtll,J-eouncil

"to conduct studies and SU1"'l87S in the United States based on a'ftilable

1ntomation on the technical and engineering teasibility ot the

utilisatiOll ot tlare gases t1"Oll oil producing operatioDB in Saudi

Arabia (it it is necessar,r to accC8pl1sh the purposes ot this Task

Order tor aperts to be sent to Saudi Arabia, prior approval theretor

will be obt.a1Ded tl'Olll POA) J to giTe particular atteation to the

possibility ot producing tertilisers or components thereot trail these

gases J to include couideration ot other 118es and products obtainable

troll these sources J to consider also the utilisation ot other natural

resources ot Saudi Arabia and the surrounding area in connection with

these nare gases; and to adTise and recODlll8llCl to the FOA in the

interia and tinal reports the processes, products, and 118es which

appear to bear pl'Cllll1se ot 118etul exploitatioD, and the stepa which

II1pt be taken to pat theae rec~endati0D8 into ettect."
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fo carr,y out this request g a special Panel vas assembled and under it.

direction a nUliber ot possible projects tor the utilisation ot the now vaeted

ga.aes were selected tor inTestigatlon by' the Staft.

A volume ot pertinent uterial has been acCUlllUlated in the Statt otfice

tran JDall7 sources, government and priwte. Cooperation at the sources ot

intomatioD baa been .tul1.y extended, without reservation. Personal con

terences bave been held at Wilson Dam, Alabama, Hew York City, Boaton, Akron,

Beltsville, Chicago and Washington, D.C. Technicians, research engineers

and officials ot companies not onlT baTe g1ven intomation requested but in

IIl8lIY' instances baTe shown continuing interest in the projects. In SOll8

cases, intonation was obtained trom EuroPean sources (Fngl.a.nd, Be1g1U11.,

France, Ital7). The appreciation of the Statt is recorded tor the co

operation ot the JIaDy agencies listed in the appendix.

The detenDiDation by the Statt of the feasibility ot the projects was

based on technologic and economic criteria and tor this purpose estiutes

ot capital requirements and operating and production costs were obtained.

These were then analTzed and evaluated. In the procedure, subsidia17 cri

teria were considered such u the agronorq and water sUPP17 ot saudi Arabia,

transport.ation, natural resources, requirements tor technical skilla and

managerial capabilities and responsibilities.

The Statt tound in general that adequate naluations could not be _de

without considering the industrial statue and needs, present and potential,

in neighboring countries in the area. Many factors have been tound to have

a regional aspect and it bas not been possible "to give complete evaluations

without investigating the present trends in the region and their relation

ahips to world _rkets.
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General Technical and BcoDCllD1c FactoN

It was n8Cesaa17 to consider a nUllber ot factoN which are cOIIIIIOn

to~ 1Dduatr1a1 'YeI1ture in Saudi Arabia. Detaila should be checked.

1D the count17 betore tiDal decisions are made. The Statf has veritied

the tol1owiD& c~ents &8 tar &8 possible.

CJM .AyaAabilitl

The question ot a N&11stic and long-range dependable tigure tor

availability ot gas is cloee~ related. to the operations ot the Al'UlCO Oil

ee.paJV. The ditticulty ot torecaating ita rate ot operation in the future

and the current planning tor use ot gas ot undetendned. quantities tor its

GWD account 1D future years, ake it difficult for Aramco to detendne

tisv- which could be interpreted tor long range tim gaa aftilabilitY'.

Thore 18 aftilable at current rates ot operation (900,000 BID ot crude

oil), a total ot 600 lIilllon cubic teet per day ot gas as shown 1D Table I

aD pap 11. !b1a table alao ahow that possible gas ues by Araaco tor its

GIlD operatioaa would account tor about 300 lIilllon cubic teet per day at

the present tille, leaY1.Dl a balance ot 300 1Iill101l cubic teet per day going

to t1&re. The geographic distribution ot this tlare gas at the ftrious

oU cctel'll is alao g1ftD 1D Table I.

Table II on pase 13 g1Yea the ch-.ioal ana1Jraes ot the gases at the

tift difterent 1JIportant collectiOll centers and at three or tour spota at

Mch c_ter vbere the pressUN8 range trca high to low.

It an 8Conom.C outlet tor gas 18 denlopecl in the tuture, a search

tor additiOD&1 supplies could be undertaken, with reasonable pl"Ollise ot

auccess.
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Plant Location

The controll1ng tactor 1n the selection ot plant sitee has 'beG

proxillit7 to the vaste gas .upp17. The _p on page 15 shon the locatiOll

ot the tour fielda where gas is beiDa wasted - Qatit, De_', Abqaa1q, &Del

Ghaar. All ot these with the exception ot Gbawar are v1th1a a r&di. ot

50 mil.; Gbaar is approxiutel7 75 lI11es traa the port ot De_'.

:x.e ot the raw uteriala required are with1n thi. radiu aad otllen

are with1n reasonable traDllportation distances and close enoup to the

GoTemaent railroad tor rail connection and haulage. A detailed iDapectior.

and testing of these rawaterials is rec~ended 'betore tiDal locatioaa

are decided upon.

The water sUPP17 in the general area is adequate. There is an aquiter

under the na.... area at about 400 tnt which aftorda a liId.ted sUJ»P17 by

puaping trca drilled wells. The water is oa tile alkallDe side, about

2,000 pop••••olida which one can clr1Dk and live, but liId.tation tor other

essential u. is adnsable. U.S. govenaent experts and ArabiaD Aaerican

Oil geolo&1sta should 'be consulted betore tinal selection ot sites. lcljaceut
o

sea water -7 be used tor cooling purpoees 1n unl.1a1.ted quantitiee u a

_tter ot econOll1cso The iDahore Persian Qult water is quite sballow and

it is necessal7 to go out several miles to pin sufticient depth tor

relatlvel;y cool water since surface water becoaes "17 am 1n the hot

sUlllller. In any S78t- ot water ut.il1u.tioa ill ari4 areas cooliDg towere

should be ued to consern treeh water, but. there are liId.t••iIloe, it

80lids are aUowd to build up b7 eftporation, iIlcruting OD all surtace.

'becames a serious probl_, 80 that 1n addition to 10s8 b7 water 177
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naporat.ion, water must be bled trca t.he llyet._ and t.-.peraturea controlled

withiD l1JI1t.lI; i.e. temperature rille, vb1ch i. a probl_ tor expert. in

tiDal deslgn. BYaporat.1011 in IIteam t)'pe naporat01"ll and ftpor cc:.prulll00

d1at.illation can alwaya be used in areall ot cheap tuel such &8 at. De....

The harbor at. DaMnam ill another 1IIpo~ant tactor in lIite lIelection.

The length ot the pier to t.he .baliow harbor ill 8.5 km. and t.o the deep

harbor 2.7 km. more. The depth ot t.he wat.er in t.he tomer ill at least.

12 teet and in the latter at leallt 26 tut. In the deep harbor pieces up

to 50 tQD8 can be handled. Larger oneil have to be t.ransterred to the IlhallOW

harbor by a tloating crane owned by the Arabian American 011 Co. '1'b1.

crane 115 able to handle pieces up to 100 t.0IIS, yJdch can be hauled. OR the

railroad by IlpeCial anang_ent.lI. The capacity ot t.he harbor is DOlI

50,000 t.ODS _xi.. a aonth and would have to be _de larger tor projects

l1sted in tM. report.

There are lIa.e through roacla in the area but the roads tributal'7 to

and in t.he plant lIites would haft to be built. There are aaple local

ater1ala tor lIuch purpose.

The terrain in the De_' area 1lh0w8 DO .erioue oblltacles to gmeral

conatructlon and tor use tor building sites.

There 111 DO aftilable .IUM ot power tor new project. in the DaMnam

area but with t.he aftilabillt7 ot cheap gas, power can be produced at

relatlve~ low rates in sufficient quantlty tor the project. lIelected.

Power ill discuslled later in t.he report.



-8-

Labor SupplI

Labor supply is always an important consideration and tl'Oll reports

available, there is an ample supp1¥ fran the tOWllB in the area, De_

and Dbahran. Due to the operations ot U.S.A. contractors and the Arabian

American Oil Co. there is an expanding pool of native labor trained in

mechanical and operating eldlls but it will be neceeeary to train a _jor

portion of operatore under the direction of imported technicians and trained

operators having in mind an incre&ee in the number of native operators

as they are trained.

The labor costs ueed in estimating construction and production costs

are based on information obtained from existing operating and contracting

companies now in Saudi Arabia. The cost of importing technicians and

executives into Saudi Arabia is an important expense it. and in addition

pay is incre&eed to make the jobs attractive both from a living and financial

standpoint.

Fringe Benefits

Becauae of extensive operations of Arabian American Oil Co. in its

excellent public relations program, a nUJDber ot facilities haTe been pro

vided in the SO mile radiue which will indirectly benefit new industries.

AnT nn industry will have to provide the so-called fringe benefits of

emplOJee houeing, village utilities, roads, certain amua8llant projects,

health facilities. These Mve been included in estimating costs.

Convereion of Costs

The Staff wishes to note its recognition ot limitations in the coat

ana1¥ees as t"hey are presented herein. It understands the probl_ which
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controat a campal17 ill estimating costs and particularly costs in Saudi

Arabia, where DUlHroua mraordinary assumptions are necessal'7 due to

lack ot experience. Conversion tactors tor plant equipnent, its tr&nS-

port.ation, and conatruction in Saudi Arabia as supplied by eight U.S.A.

CCIDpBn1" ranged trom 1.3 to 3 timea U.S.A. costs depending on the &IIOunt

and nature ot tringe requirements ot housing, roads, health and recreation

tacilities, and iIlportation ot technical personnel and special conatruction

and trade labor. The Start selected an average converaion tactor ot 2 and

applied it unitomly tor the conversion of U.S.A. capital requiJ"alents to

Saudi capital requir.ents covering these items.

Coat ot Gas

Coat of flare gas tor use in the various projecta is taken at 3¢

per K:F at the well head. This, however, is subject to negotiation plus

tiDal estimate ot costa ot gathering and transporting to the location ot

the project when tinally selected.

The tollowing is an example ot these costs:

Pipe line tranaportation cost tor 50 miles

Coat ot gas compression to 250 PSIG it
required

l¢ K:F

2¢ K:F
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!ABtB I

qu Productiop aDd O!a&" - 1954

DIm· Qatit 4bga1g & Dar lut"n'. 8h!d.p !$l

CraM Pndact.lcm
Bate - IIBPD 60 37 33) 300 110 76

JIlllion Cubic Feet Per Dq

au Pnp4uctloa

B1&b 15 15.4 178 98 33 25 364.4

IDtemed1ate 2.4 5.6 37 45.0

Lw 1.8 45 56 18 14 134.8

Spheroid 1.8 1.6 16 19 7 5 SO.4

stabilizer in Area 2.7 ~ - lit.7

total 23.7 22.6 288 173 sa 44 609.,
Gal ue..

Boiler 11.5 37.5 49.0

Ind. ue.. .~ .5 .7

Intection 159.5 159.5

Ccmb. au 6.0 6.0

TurbiD..

Vapor Becoftl'7
Plant ,.0 3.0

Total 21).7 197.5 218.2

!o Powr Turbines
to Flare 60 13.0 17 90.0

To P1&re DiNCt17 ,.0 22,6 20,' ..m 45,0 .:J1 ]()l,~

Total 23.7 22.6 288,0 173 58.0 44 609.'
*EEcludos Baa Tanura bfiDe17 where stabilization and NtiDe17 gas.. _e4 in

operation.





TABLE II

Gas Anal: ---
Abqaiq

Abqaiq Ghawar Damam Qatit Stab.
Ovbd.

Component 1st 2nd 3rd uth 1st 2nd 3rd 1st 2nd 3rd uth

Pressure PSIG 500 250 50 5 400 50 5 300 150 00 1.5 315 50 1.5

Carbon Dioxide 9.25 9.95 7.$ 3.88 12.99 13.16 7.79 8.0 9.3 14.7 11.45 20.00 8.7 1.5

Hydrogen Sulfide 2.64 3.18 6.99 7.00 3.20 5.82 1.51 1.5 1.2 2.4 1.85 l.4.65 18.6 9.4

Methane 64.06 Sl.05 19.03 2.84 59.80 37.$ 8.45 81.0 74.7 52.6 57.48 18.34 3.4 0.39

Ethane 14.47 20.18 26.18 17.55 14.59 20.09 23.25 4.6 7.8 14.0 13.27 16.78 16r:l~16.14

Propane 6.00 9.00 22.77 31.10 6.07 14.01 31.24 2.2 3.1 ~.3 5.91 17.79 28.4 50.78.
Butane 2.18 3.34 10.92 22.hO 1.95 5.85 17.34 1.5 2.0 4.8 1.82 6.70 17.0 13.97..
Pentanes Plus 1.40 2.10 6.42 15.23 1.03 3.03 10.22 1.2 1.9 4.2 1.41 2.95 7.6 7.72

Non-Condensib1es 0.31 0.35 0.02 0.81 2.92 ...--

The components are expressed as volume per cent at atmospheric pressure.

~

~
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FBRTILIZBRS

In ccmsideriDg the -.nutacture ot tert.ilizers in Saudi Arabia, it

18 anticipated that the _jor part. ot the tert.ilizer production will

be exported. Tb1a conclueion is based on the tollOlfinl CODditiona.

ABropCRt According to W. J. Bdens, Chiet, Agriculture Didslon,

U.S.A. Operations Mission to Saudi Arabia, out ot a total area ot

apprax1D.te1¥ 865,000 square miles ot Saudi Arabian territo17, apprmd.

mteq 500,000 acres ot land is arable. About one-balt ot the arable land

lies tallow at all tilles, leaving 250,000 acres tor use. About 50 per

cent ot the arable land or 125,000 acres is a possible _rket tor tertilizer.

It w estimte the average rate ot application ot tert.1l1zers as

200 lbe. per acres, w get a theoretical need ot 12,500 tons per year, ot

which we might expect tamers to use about 6,000 tons alter an extended

educational program. However, we haTe been intomed by the Fomsn

Operations Administration Mission in Saudi Arabia that real statistics

are unavaUable and that the estiate ot 1mport.ed tertilizers is l.s

than 50 tons annua11¥.

Agriculture missions both trom the U.S. goTemment and the United

Nations are continuing to work in Saudi Arabia. SOU analyses are being

_de and field testa are planned. However, it is thought that a~ consider

ab.1.e change in the amount ot tertilizer used in Saudi Arabia 18 not to be

expected tor scae time.
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Vater Supply Scarcity ot water is a major problem. U.S. Govemment

and. United Nations missions are making mensive and intensive investigations.

In general, rainfall is so scant that only small areas of irrigation

can be developed trom this sourc~. Records and data are lacking over a

sufticient period of time tor comprehensive planning. It is desirable to

have hydrologic records for a period ot 25 to 50 years before making extensi ve

investments in engineering structures.

There is a 12 to 20 inch armual precipitation in a limited southwest

area which could be further conserved for irrigation.

Ground water is .not likely to be found in any appreciable quantity that

would have ~ real impact on the overall economy ot Saudi Arabia.

The demineralization of sea water by' evaporation or by' other means

otfers little hope tor a supply ot water low enough in cost tor irrigation.

Fertilizers Considered tor the Utilization ot Waste Gases

Recent reports trom agriculture missions working in Saudi Arabia show

the land to be on the alkaline side but the knowledge is limited and the

Statt does not teel qualified to make an accurate !Statement as to the

fertilizer or tertilizers best suited tor use in Saudi Arabia. A letter

from V. J. Edens, Chiet, Agriculture Division, U.S. Operations Mission

to Saudi Arabia !States -

"Our soil !Scientist and agronomist teel that the greatest response b.Y

plants would be to nitrogen. The current preferential need is for

nitrogen; however, it is our opinion that responses would be good

to phosphorus."
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This concurs with the thinking of the Staff to the effect that in all

probability different fertilizers will be required in different localities

and for different crope in Saudi Arabia.

The Staff presents the following rather general discussion of various

types of fertilizers indicating facts pertinent to the use of tertilizers

in Asia and at the same time keeping in mind the problS118 ot exporting.

ADlnonia For the production of nitrogen fertilizers, it ils necessar,y

to include a synthetic anhydrous amnonia plant and from this the various

nitrogen products are produced.

Ammonium Sulphate The most commonly used synthetic fertilizer ot the

nitrogen type in Asia is ammonium sulphate. ramers are accustomed to this

fertilizer, throwing it on their small plots of land by' hand. The physical

condition is excellent and stands dampness. The main objection to the inclu

sion of this fertilizer in the Saudi Arabia projects 1s ecoDCllic, since it is

relatively low grade (2Q%N) which is a draw-back for long freight hauls in

high cost transportation areas.

~ Urea is of higher grade (45%N). As to physical conditions, it is

more hygroscopic than ammonium sulphate but not as hygroscopic as 8DIJIOnium

nitrate. In dry' countries, this does not give any trouble but tor humid

areas special bags are necessary'. Urea is euitable agronomically for most

types of soil and climates according to Dr. Frank Parker of the U.S. Depart

ment of Agriculture. The problems at the manufacture of urea are known and

have been controlled, as evidenced by' plants operating in Fm-ope, Japan,

and the United States. New plante are being constructed in India and in

the United States.
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ApDonium Nitrate This 1s recognized as a tertilizer suitable for~

soile and climates. It baa a nitrogen content ot 34% which is between that

in &DIIlOnium sulphate and in urea. The explosive properties ot ammonium

nitrate have been studied and 1t is now telt that there is little danger

provided certain well known precautions are observed in its manufacture.

transportation, and storage and in the treatment ot tires in which it ID&7

be involved. The product should be prepared in granular tom, coated

with an inert anti-cald.ng agent and packaged in waterproof bags. The

process of the manufacture of &DIIlonium nitrate has been well developed

so that the only' problems are those relative to ~groscopicityand economics.

ADponium Phosphate This is a high grade two element tertilizer

composed ot nitrogen and phosphate compounds usual.ly produced as 11

48-0 or 16.5-20-0 (per cent nitrogen -N2. per cent phosphate - PtJS,

zero per cent potash -l~). The product 1s a mixture ot mono- and di

8DIIl0nium phosphates, a practical.ly non hygroscopic fertilizer ot ex

cellent mechanical condition that stores, shipe and bandles well in the

field. It presents no mechanical, explosion or tire problems in use

such as occurs with some other nitrogen bearing tertilizers. The product

is well accepted here and abroad and is generally recoDlllended by agrono

mists where need tor nitrogen and phosphate is indicated.

Phosphorus While it is recognized that the main demand tor fertilizers

in the East is for' nitrogen types, it is also an accepted fact that the

continued use ot nitrogen types alone will ultimately create a phosphorus

shortage in the s oil (depending on the original content) which should be
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supplied by a tertilizer canponent. Close examination may reveal soU

deticiencies not only in such mineral elements as phosphorus and potash

but the micro-nutrients such as copper, boron, zinc, and others which are

equal1.y important. Normal superphosphate is cheapest tor -local use and

may be aDIIloniated. This fertilizer also supplies sulfur which is important

in some areas but probably not ot great signiticance in Saudi Arabia.

Its production is relatively simple and cheap it combined with basic faci

lities, especially sulfuric acid. Concentrated superphosphate because ot

its high phosphorus content (usually 45/48ft P205) should tind an increas

ing use in the broad area and it can be combined with nitrogen compounds

to produce high analysis mixtures containing as much as. 22% R and 22% P~5.

As used in this text the term concentrated superphosphate is syno~ with

the coamonly accepted trade term of triple superphosphate. Production ot

aumonium phosphate is a logical sequence since phosphoric acid must be

produced as the first step in the manufacture of concentrated super

phosphate. The phosphoric acid is aumoniated by well-known processes, such

as those used at Trail, B.C., to form a nitrogen phosphate type tertilizer

of excellent physical condition, and handling and storage properties.

Potash It is recognized that potash deticiencies often exist or develop

and the agronomist must caretu.lly stud1" this phase but since it would not be

a product ot Saudi Arabia (at least at this stage), potash is not included

in this report. It would seem unlikely that the soils ot Saudi Arabia will

require substantial quantities of potash in the near tuture.
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Nitric Phosphate This type of fertilizer has been little used in the

U.S.A. but one company has recently begun large scale production. There has

been no wide distribution and its acceptance and results have not been

established. The Tennessee Valley Authority began a research program during

World War II, during the sulfur shortage, with the idea of substituting

nitric acid in part for sulfuric acid and it was successful in proving up

eeveral methods. All the products are not water soluble but are "available"

by A.O.A.C. methods. While .field tests have shown good results in certain

areas, it is felt that the products are not suitable in areas of low rain

tall and soil conditions such as exist in Saudi Arabia.

Fused Phosphate This product is described as a water insoluble phosphate

though "available" to a certain per cent according to A.O.A.C. analytical

methods.
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Breakdown Used in Reporting Costs

In reporting on product costs, we have used the following breakdown

as closely' as possible. However, in IIIS.lV cases the reporting by companies

or organizations did not contain this infomation and it was necessary to

use the data available. The breakdown followed was

Product CostlS

Raw materials

Labor and supplies

Plant overhead

Local taxes 1% of investment

Insurance 1% of investment

Depreciation - varies according to process, deterioration and
obsolescence factors - usually 6-8%

Local oftice or plant overhead - 50% of labor

Company overh.ead - general administrative and sales (G.A.S.)

This must be applied with due consideration to prevent double charges.

For instance, in a three step process where the first step process is not

intended for sale, the G.A.S. is applied to the final product.

The company overhead varies according to the type of product and the

individual organi~tion. Some companies have elaborate and expensive

structures. Some commodities are sold only' to a very few customers that

can be handled by a sales manager and a clerical staff while with other

commodities a large staff is necessar,y.

In general, the G.A.S. is taken on an average ranging from 2-6% of

the product sales price. A correction factor is applied to Saudi Arabia
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G.A.S. to meet local requirements.

kcept for costs of transportation of gas b;y pipe line or LPG b7

tanker, calculations of product costs do not include retum on irIYestaent.

Coat of raw materials imported were based on market quotations at

points of origin plus freight and handling to Saudi Arabia. Local

materials such as gyp8lDD, clal', and limestone were based on intonaation

supplied b;y Aramco plus freights to plant site.

The price of natural gas was taken nominalll' at 3f per MeF and

obvious17 is subject to actual negotiation.

Labor charges in Saudi Arabia were obtained b"y adding 50% to the

corresponding U.S.A. labor expenses. This reflects suggestions of

Aramco and Fluor Corporation.

The following costs were based on a percentage of costs, detennined

according to the procedure described, and this automatically provides

conversion factors to compensate for increased Saudi Arabian capital and

operating costs.

Maintenance

Local taxes

Insurance

3% of investment

1% of investment

U of investment

Depreciation, a percentage of investment accordin~ t~

type of plant and process, usuall7~

Local office or plant overhead - 50% of operating labor

General administrative and sales, as described.

These allocated percentages are the result of discussions with TVA.
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Processes. Manufacturing Conditions. Costs

ADmon1a Anhydrous anmon1a is the basic material tor the manufacture

of nitrogen fertilizers in Saudi Arabia. It would use all local mterials.

The process is usual.ly described in three stages - first, production of

h1drogen by reforming of natural gas; second, purification of the re

formed gas i and third, synthesia of ammonia from the ~gen and frca

nitrogen ierived fran air.

Hydrocarbon gases such as coke ~n gas, natural gas and same

petroleum refinery gases can be refomed to produce hydrogen and carbon

monoxide. The latter is converted to carbon dioxide. We will contine this

report to the use of natural gas which is piped into a heater, then to

aultur removal equipnent, then to a mixed gas reheater where steam is added,

and then passed to a primary reformer.

The catalyst in the reformer tubes promotes the reaction between the

hydrocarbons in the gas and steam to fom a mixture of ~gen, carbon

monoxide and carbon dioxide. Small quantities of residual methane renBin

in the refonned gas.

A second reformer tollows where an air and gas inlet provides the

nitrogen required in the final mixture and also raises the mixed gas t~r

ture to promote conversion of residual methane. A waste heat boiler follows

which supplies process steam and cools mixed gases to the point required

for the oxidation of carbon monoxide to dioxide and hydrogen by adding steam

and passing over a catalyst. The gas stream now goes to heat exchangers tor

cooling and condensation of steam which is trapped off as water. The
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residual gases go to a gas holder as a surge storage befo:re the final steps.

The gas 1s then compressed in the first stage and the carbon dioxide

scrubbed out by water under pressure. The scrubbed gas is then turther

compressed in the second stage ot the process and scrubbed with an

anmoniaca1 cuprous solution to remove residual carbon monoxide and then

again scrubbed by a caustic soda solution to remove last traces of

carbon dioxide. The gas leaving the caustic scrubber passes through

a trap to the last stage of ~ompl"f'9sion followed by cooling and draw-

ing off of condensed ammonia to storage. The gas from the 8.DIIl0nia

cooler condenser system is recycled through a high pressure con.rter with

catalyst bed and heat exchanger, and thence to the cooling, condensing as

noted above in a closed recycle.

The Tennessee Valley Authority gives the following table.

Process Requirements per Ton or ADmonia

Natural Gas

Process gas MeF

Fuel gas MeF

steam lb.

Power KWH

Water gal. in circulation*

Operating labor man hours

Maintenance labor man hours

21.3

9.9

6,100

1,050

175,000

1.83

0.71

*Only 3-5% of this water is needed for make-up.
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Ammonia - Costs

Capital Investment

Capac!ty of plant - 150 m' per day

U.S.A. Saudi Arabia

$6,000,000 $12,000,000

Capital costs do not include an item of $1,100,000 basis U.S.A. tor a sour

gas puritication plant. They ~ include plant and equipnent delivered and

erected in Saudi Arabia and also include fringe facilities.

The subject of the gas purification is common to several other

projects and has not been charged to any particular one. It is assumed

that the sweetening plant would be self sustaining from the sale of re

covered su.l.fur as such, or in the manufacture ot sulfuric acid.

Product Cost per NT 100% Anhydrous Ammonia

Raw rnaterials

Labor, supplies, utilities, etc.

Pla,nt overhead

Company overhead G.A.S.

U.S.A.

$20.68

13.25

9.79

2.50

146.22

Saudi Arabia

$ 2.07

27.84

16.16

3.50

Market Price

U~S.A. February, 1954

Basis tank cars, works

Fertilizer grade 100% anhydrous aDIIlonia per NT
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Ammonium Sulphate The raw materialls required tor this process are

anhydrous ammonia. carbon dioxide gas and finely ground gypsum or anhydrite.

relatively pure and reactive with ammonia carbonate solutions.

The anhydrous aDIIlOnia is piped from an adjacent snythetic ammonia

plant which will also 8upply carbon dioxide. This could a180 be available

trom stack gases.

Ammonia and carbon dioxide are reacted in water solution in carbonating

towers. Heat at reaction is removed by heat exchangers ueing water as a

cooling medium. Finely ground gypsum or anhydrite is reacted with BJIIItonium

carbonate solution in the presence of excess carbon dioxide in a series ot

reaction vessells in which. by double decomposition. 8DI1l0nium sulphate and

calcium carbonate are fonned. Calcium carbonate is removed by' filtration

and may serve as a law material tor portland cement manufacture. The filtrate

is then passed to stripping towers where unreacted ammonia and carbon dioxide

are removed by passing counter current to a now ot steam. These gases are

absorbed in water and recycled to the carbonation section. The etnuent

liquor is evaporated and the ammonium sulphate crystallized out. dried.

cooled and,readied for storage and shipment.
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Ammonium Sulphate - Costs

Capital Investment

Capacity of plant - 500 NT per day

U.S.A.

$2,543,000

Saudi Arabia

$5,086,000

These figures are based on using natural ~s for snythesis and gypsum for

the sulfur radical. The U.S.A. figure is delivered and erected. The

Saudi Arabia figures follow these sarne conditions and include auxiliary

facilities and fringe requirements.

Product Cost per NT

U.S.A.

Raw materials
Ammonia $50 NT
Gypsum $ 8 NT

Labor, supplies, etc.

Plant overhead

Company overhead G.A.S.

There is no comparable process now in use in the U.S.A.

l1a.rket Price

Saudi Arabia

$23.17

9.74

5.67

3.00

U.S.A. April 4, 1954

Freight to Saudi Arabia
(Conference Rate)

$45.50

23.50

Lower prices were quoted for European 80urces c.Lf. l.fediterranean port,s -
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approximately $47.50. This price was supplied by Dr. l-fa:ror Fogler of the

Allied Chemical and Dye Corporation.

!!!:!!. This study has been confined to the so-called "once-through"

process for the manufacture of urea from ammonia and carbon dioxide, since

the unconverted ammonia-C02 gas, instead of being recycled is sent to an

adjacent fertilizer unit for the manufacture of ammonium sulphate. This

reduces investment costs in the urea plant approximately 20 per cent.

Ammonia and carbon dioxide Gre piped from an adjacent synthetic

ammonia plant (carbon dioxide is also available from the cement and

boiler plants) into an autoclave at a ratio of 2NH3 to 1 of C02' in

stoichiometric proportions, operating at 1600 to 2000 C and 120 to 200

atmospheres pressure. The ammonia and carbon dioxide react rapidly to

form a.rnmonium carbamate, an exothermic reaction. In the next stage the

carbamate dehydrates to form urea; this latter reaction does not go to

completion but only to equilibrium. The maximum conversion of the once

through process is 40 to 50 per cent.

Since the first reaction is highl:,r exothennic and the second slightly

endothemic, heat transfer surfaces are used in the autoclave. The aqueous

solution leaving the decomposer step is concentrated by evaporation and

crystallization or prilling, then dried, cooled and bagged in multiwall bags

with a waterproof liner.
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There are five other processes for the manufacture or urea Mlich employ

recycling -

1. Hot gas recycle process such as was used by I. G. Farben

2. Solution recycle process as used by duPont

3. Oil slurr.Y' recycle process mown as the Pechiney process developed

by the Chemical Electro-l!etallurgica1 Products Co., St. Auban, France

4. Gas separation recycle process mown as the Inventa Process,

developed by the Hovag Company in SwitzerJand

5. Chemico Process, a CO2 absorption gas separation system for

recycling the unconverted carbamate - Chemical Construction

COJIllB1l1"
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Urea - Costs

Capital Investment

Capacity of plant - 30 NT per day (45%N)

U.S.A.

$1,400,000

Product Cost per NT

U.S.A.

Saudi Arabia

$2,000,000

Saudi Arabia

Raw materials
Ammonia at cost, CO2 and

other chemicals

Labor, supplies, etc.

Plant overhead

Company overhead G.A.S.

Cost per NT

Cost per lb.

Market Price

U.S.A. Spring 1954 per NT ~125

Conference freight rate $ 25

coLf. Saudi Arabia $150

$30.75

19094

14072

3.00

$68.41

3.42t

$33.25

28.07

29.00

5.00

$95.)2

4.77~
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Nitric Acid 'nUs section is presented separately since the product

is derived from aumonia and used in both the manufacture of nitric phos

phates and 8JIIIlOnium nitrate.

Anhldrous 8JIIIlOma is oxidized to the oxides of nitrogen by passing

through a platinum cata1Jst. The oxides of nitrogen are h¥drated and

absorbed in water in a bubble tower of similar apparatus, preferably under

pressure, to fom the nitric acid of c01llllerce, in this case about t:I.J1, of

strength but it can be made of higher strength.

Nitric Acid - Coste

Note: U.S.A. cost" are estimated by Tennessee Valley Authority

Capital Investment

Capacity of plant - 3 units of f:IJ NT each per day

U.S.A.

$1,900,000

Product Cost per NT

U.S.A.

Saudi Arabia

$3,800,000

Saudi Arabia

Raw materials
ADmonia and catalyst

Labor and supplies, etc.

Plant overhead

$13.53

4.54

3.33

Company overhead
(Integrated in another product)

Total cost per NT $21.40 $28.47



- 36 -

Ammonium. Nitrate In one method, 8DII10nia is reacted with nitric acid
,

in solution, and the solution is evaporated and crystallized in vacuum.

crystallizers, salted out and centrifuged. The crystals are sent to a

drum where they are coated with an inert substance such as bentonitic

clay to reduce caking and to fonn pellets for proper physical condition

in handling and use and to reduce absorption of moisture from the air.

The pellets are dried, screen-sized to eliminate fines which are

recycled. The product is bagged in a multiwall paper bag with one layer

of waterproof paper. The bags should not be stored fran one season to

the next and should be kept in a dry place.

In an alternate method, the ammonium. nitrate solution is evaporated

until a molten ammonium nitrate containing a little water is obtained.

This molten mixture is pumped to the top of a tall shot tower and sprayed

into it much as molten lead is sprayed into a tower. This process is

mown as prilling and gives a pelletized material of good physical condition.

The trend to ammonium nitrate was accelerated by the shutdown of

nitric acid plants for munitions after World War II. These plants were

leased and converted to peace time manufacture of ammonium nitrate; hence

in any ammonium. nitrate production a potential munitions plant is setup.

Commercial Solvents Corporation has developed the so-called Stengel

process where prehe"\ted anhydrous aJIIIlonia is reacted with nitric acid at

400oF, molten ammonium nitrate is fonned which is cooled to the solid

state, then crushed, sized, coated and bagged for shipnent. This process

el.imina.tes evaporation and prilling.
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Anmonium Nitrate - Costs

Note: U.S.A. costs are estimated by the Tennessee Valley Authority

Capital Investment

Capacity of plant - 230 NT per day prilled - estimated analysis 34%N

U.S.A.

$900,000

Product Coat per NT

Saudi Arabia

$1,000,000

Raw materials
Nitric acid, clay, ammonia

Labor, supplies, etc.

Plant overhead

Total cost per NT

U.S.A. Saudi Arabia

$28.60 $34.78

9.68 14.52

1.85 3.27

4.00 6.00

$44.1.3 $58.57

Market Prices

Cost per unit
nitrogen
(Basis 34%N) $ 1.30 $ 1.73

U.S.A. bagged f.o.b. works $68 - $70 NT

Freight to Saudi Arabia - Conference $34

Total cost

Cost per unit of nitrogen

$102 - $104

$3.00 - $3.06
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Elemental Phosphorus - Electrip Furnace Method There are two

cODlllercial processes of making phosphorus from pho15phate rock

1. Phosphate rock with a silica flux for mald.ng a suitable I5lag is

charged into a blast furnace with coke for fuel. Reduction of

the rock to elemental phosphorul5 takes place. There are no

current operations by this proces15.

2. Phosphate rock, flux and coke are charged into an electric furnace

where heat is supplied by electric current through carbon or graphite

electrodes.

Calcium silicate is slagged off, iron in the charge combines with phosphorus

to form ferro-phosphorus (about 23% P4) which is also tapped off. The

balance of phosphorul5 is volatilized as elemental P4' cleaned of dust

preferably in a Cottrell precipitator; the gas and vapor stream goes to

a water sprayed condenser, phosphorus i15 drawn off in molten fom into

water covered storage, and the non-condensable exit gases containing

principally carbon monoxide are used as fuel, usually for calcining and

nodulizing the raw phosphate rock.

Note that this is the basis for phosphoric acid and phosphate

fertilizers. The basic product is elemental phosphorus produced in an

electric fumace as described above. The second step is the production

of phosphoric acid which is then used in the third step to acidulate

phosphate rock to make concentrated superphosphate or in a separate step

to react with ammonia to produce ammonium phosphate.
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Klement&! Phosphorus - Costs

Note: U.S.A. costs are estimated by the Tennessee Valley Authority

Capital Investment

Capacity of plant - 19.4 NT per day fran one electric furnace of
10,000 XW input.

U.S.A.

$2,800,000

Saudi Arabia

$5,600,000

It is not mown without tests of the phosphate rock whether a nodulizing

plant would be required to prepare the furnace feed. If a nodulizing plant

is required, the investment cost is estimated at $1,208,000 in addition to

the furnace plant cost.

Raw naterials are phosphate rock from Egypt or, if obtainable, from

Jordan; coke from Medite~nean area; silica, locally; power generated fran

flare gas; electrodes, imported. The manufacture of elemental phosphorus

in Saudi Arabia is not a low cost picture.

Product Cost per NT

U.S.A. Saudi Arabia

Raw materials $126.71 $243.12

Labor and supplies, etc. 40.32 64.00

Plant overhead 41.48 76.04

Company overhead G.A.S. 7.50 9.00

Total cost per NT $216.01 $392.16

Cost per lb. 10,8t 19.7_
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Phosphoric Acid A ver:f small proportion of the elemental phosphorus

is sold direct to consumers. By far the larger proportion of the phosphorus

is converted to 75%/80% phosphoric acid (H3P04). The elemental phosphorus

is bumed with a correct proportion of air in a chamber, then hydrated and

collected as phosphoric acid. The condensate (H3F04 t H20) is drawn off

at the bottom of the chamber, cooled and piped to process or shipnent.

Phosphoric Acid - Costs

Note: U.S.A. costs are estimated by the Termessee Valley Authority

Capital Investment

Capacity of plant - 59.9 NT per day 100% phosphoric acid (H3P04)

U.S.A.

$300,000

Saudi Arabia

$600,000

This includes oxidizing (burning tower), hydrating tower, scrubber, pumps

and piping, cooling, intermediate storage tank.

Product Cost per NT 100% Phosphoric Acid

Raw materials
Phosphorus

Labor, supplies, etc.

Plant overhead

U.S.A.

$70.88

2.39

2.10

Saudi Arabia

$127.96

3.57

3.10

Company overhead G.A.S.
(Integrated with another produdl)

Total cost NT 100% $75.37

80% 60.30

$134.63

107.70
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Ammonium Phosphate There are several methods of making this

fertilizer but we will describe a relatively simple process which bubbles

anhydrous anmonia into a solution of phosphoric acid to form a crystalline

mixture of mono- and di-ammonium phosphate which is centrifuged and then

dried under carefu.l1¥ controlled temperature conditions in a direct heat

rotary dryer, followed by cooling. The product is then ready for storage,

or shipping in bulk or in paper or cloth bags. No particular precautions

need to be taken in storing in bulk or packaging except to protect from the

weather.

Ammonium Phosphate - Costs

Note: U.S.A. costs are estimated by the Tennessee Valley Authority

This is made from electric furnace phosphoric acid. The production

of ammonium phosphate assumes a source of ammonia and phosphoric acid

as feed to the ammonium phosphate unit.

Capital Investment

Capacity of plant - 54~ NT bagged per day

U.S.A.

$370,000

Saudi Arabia

$740,000
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lumlonium Ph08ra.te - Costs
(contj.nued

Product Cost per NT

U.S.A. Saudi Arabia

Raw materials
Phosphoric acid and aDmonia

Labor and supplies, etc.

Plant overhead

Compa~ overhead G.A.S.

Total cost NT

Market Price

$118.77

10.51

5.81

5.00

$140.09

U.S.A. March 1954 bagged Los Angeles $107.60

Basis 11-48%, Canadian origin

Concentrated Superphosphate - Furnace Method This is made f'rom

phosphoric acid produced from electric furnace elemental phosphorus.

Phosphoric acid at 75% to BO% strength is mixed with ground phosphate

rock in a simple T.V.A. designed cone type mixer to fom a slurry. The

slurry is discharged onto a slowly moving conveyer where it rapidly sets

up and is discharged onto a second means of' conveying such as a motor

driven dump car and is then discharged onto a pile in a storage shed.

The phosphoric acid reacts with the phosphate rock to f'om concen

trated superphosphate, a fertilizer which may ron about 48% (A.O.A.C.)

available Pi'5 which has a high percentage of' water soluble P205•

The product is 1e.ft in the pile to cure, complete the reactions and
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d17 out for a period. of 30 to 60 days, then i15 excavated and conveyed to a

pulverizer and crushed to pass a 6 to 8 aesh screen and bagged for shipnent.

Same campanies make a so-called granular type. The crushed product i15

moistened and rolled in a cylinder to form pellets; the next 15tep is drying,

followed by screening out oversize which i15 recrushed, combined with fines

and recycled through the pelletizing cylinder. The resulting product is a

close~ sized granular product with practically no dust. Granular type

fertilizers· are gaining in favor and may possess certain advantages in

handling and in plant response.

Concentrated Superphosphate - Costs
Fumace Method

Note: U.S.A. costs are esttmated by the Tennessee Valley Authority

Capital Investment

Capacity of plant - 32.3 NT per dq of bagged product
4S% available P20,;

U.S.A.

1170,000

Saudi Arabia

$340,000

This includes 15torage 15hed for curing and shipping 15uperphosphates but no

provision for seasonal storage of product.
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Concentrated Superphosphate - Costs
Furnace Hethod

(continued)

Product Cost per NT

U.S.A.

Raw materials
Phosphate rock

and phosphoric acid $40.89

Labor, supplies, etc. 6.10

Plant overhead 2.37

Company overhead G.A.S. 2.70

Total cost per NT $52.06

Cost per unit
basis 48.% P205 • 1.10

Market Price

U.S.A. Spring 1954 f.o.b. Tampa

Saudi Arabia

$69.30

8.09

3.69

4.20

$85.28

$ 1.78

$45.08

Concentrated Superphosphate - Wet Method (Using sulfuric acid)

In normal areas such as the U.S.A., where power rates are less than 1i

for large users, and sulfuric acid prices 10\'1 because of Gulf sulfur, it is

generally the case that phosphoric acid and concentrated superphosphate

(45/48% available P205) are produced cheaper by the wet method than from

elemental phosphorus produced in the electric furnace and the plant

investment per unit of P~5 produced is lower.
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~e wet process is conducted in two steps -

Step No.1 - Phosphoric Acid Phosphate rock is acidulated with

diluted sulfuric acid to produce dilute phosphoric acid. The mix is

filtered on standard rotary filters and water washed to produce a dilute

phosphoric acid and leave a gypsum. cake. The phosphoric acid will contain

soluble impurities such a15 iron and alumina phosphates, arsenic, and other

elements in the phosphate rock which are soluble in sulfuric acid. This

does not constitute 8.ll1' particular detriment in fertillzer8, but 1«>uld in

the manufacture of chemicals, especial.ly "food grade".

The crude phosphoric acid requires relatively expensive purification so

that electric furnace phosphoric aci~ is general.ly preferred and used for

chemical manufacture. '!'he crude phosphoric acid produced in the first step

may be used to dilute sulfuric acid, which is then used to acidulate

phosphate. rock and produce a boosted grade, i.e. 26/28% P205 available

nomal superphosphate. Thi15 in tum may be ammoniated to 5/7% nitrogen

content. This practice is growing in the U.S.A.

Step No.2 - Concentrated Superphosphate The dilute phosphoric acid

fran the first step is evaporated down to about 'JJ/l:J:J Be' beyond which

point the impurities make it difficult to handle because of solids saltin,g

out which are high in P205. Thi15 depends on impurities in the phosphate

rock used in Step No.1.

The concentrated phosphoric acid is in tum used to acidulate ground

phosphate rock. The resulting slurry set15 up on a slow moving conveyor or a

"den" and in a short time can be conveyed into storage piles for curing
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and canpletion ot reactions. Alter curing tor about 30 to 60 days, the

product is usually dried, pulverized and granulated betore bagging and

shipping.

There are a number ot variations practiced in the manufacture ot

phosphoric acid and concentrated superphosphate by the "wet" method which

we will not attempt to include in this report.

Concentrated Superphosphate - Coat
Wet Method

capital Investment

Capacity ot plant - 30,000 NT per ;year 46/48% available PtJ5

Rock grinding unit

Phosphoric acid unit

Total cost

U.S.·A.

I 125,000

11,523, 000

11,648,000

Saudi Arabia

13,296,000

This is an integrated unit tor the manufacture ot phosphoric acid (tirst

step) and the manufacture ot concentrated superphosphate (second step).

Sulturic acid will be needed (100/120 NT per day - basis 100% H~4).

The cost ot this is reported in detail in the section ot the recover.r ot

sultur. The investment costs are

Sulfuric acid unit

U.S.A.

1720,000

Saudi Arabia,

11,440,000
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Product Cost per NT

first Step - Phosphoric Acid 100$

Raw materials
Delivered in Saudi Arabia 
phosphate rock from }'forocco,
sulphuric acid from sour gas

Labor, supplies, etc.
and

Plant overhead

Company overhead G.A.S.
(Integrated with other products)

Total cost NT

U.S.A. Saudi Arabia

$16.12

'96.80

Second Step - Acidulation ot ground phosphate rock to produce
461W available P205

Raw materials
Phosphoric acid from first step,
phosphate rock tran Morocco

Labor, supplies, etc.
and

Plant overhead
and

C~ overheadi' G.A.S.

Total cost per NT

Per unit available
47% available P205

U.S.A. Saudi Arabia

'51.75

27.10

'78.8'5

• 1.68
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Comparative Costs of Concentrated Supe-rphosphate

Per NT product

Manufactured in Saudi Arabia

Per Unit P~5

Electric Furnace Method
48% P2P5

Sulfuric Acid Wet Kethod
46/48% available P~5

Imported from Tampa, Florida
Bulk 46% P205 0 98t!unit c.i.f.

78.85

70.08

Comments: \'lhile the cost of bulk concentrated superphosphate from Tampa,

c.i.f. Saudi Arabia is lower than local production cost, the local con-

sumption is so low that it makes bulk imports impractical. Imports would

have to be in bags which would call for higher freight rates which we

estimate would bring cost c.i.r. Saudi Arabia to approximately $78 NT,

or ~l.70 per unit. In any case the concentrated superphosphate would have

to be bagged so that we will not add bagging costs for purposes of these

comparisons •
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Fused Phosphate Rock The following data is from the T.V.A.

The experlmental production of tused phosphate rock has been carried on for

several years by the T.V.A•• following up previous research by the U.S.

Department of Agriculture and others. where it was found that if all or

nearly all the nuorine in the phosphate is driven off by heat and water

vapor, the resulting product is substantially "citrate" available.

The product acts very much like nonnal superphosphate made by the acid

method. especially on non-alkal1ne soils. It has shown very good results

on pasture lands.

There has been. very limited production and use ot the tused phosphate

rock so that commercial experience and acceptance has been very limited

and it may be said to be still in the experlmental stage. The T.V.A. feels

that its phase ot the work has proceeded tar enough and is ready for

cOlllIlercial exploitation on the merits of the process and product as

demonstrated by pilot plant operations and field tests.

The process embraces the charging of bricquetted and sized lump

phosphate into a shatt type furnace fired near the bottom by gas in a

special design semi Dutch oven type Tuyere. The charge is melted and

nuorine eliminated by action of heat in the presence of water vapor from

the combustion of gas. The melt is tapped off and granulated in water.

The next step is drying and grinding to at least 80 mesh. This fine grind

ing is essential since the coarse material will not showsurficient avail

ability by the A.O.A.C. method and would not gi;ve satisfactory results in

the field.
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Fused Phosphate Rock - Costs

Note: U.S.A. costs are est1Jllated by the Tennessee Val1q Authority

Capital Investment

Capacity ot plant - 189,000 NT per year
28% P20S

U.S.A.

'2,49S,OOO

Product Coet per NT

U.S.A.

Saudi Arabia

14,990,000

Saudi Arabia

Raw materials
Phosphate rock, clay,

natural gas

Labor, supplies, etc.

Plant overhead

CanpBIlY overhead G.A.S.

$13.29

S.46

2.06

3.00

$l4.70

7.89

8.19

4.00

Total cost per NT

Cost per ton PlOS 8S.00

Coet per unit P20S $ 0.8S

$34.78

124.00

• 1.24

Comments: While the production costs canpare very favorably per unit of

Pzos with concentrated superphosphate by the wet method, it is the opinion

of fertilizer experts consulted (Ur. K. D. Jacobs and others, U.S. Depart

ment of Agriculture, Beltsville, Uaryland) that fused phosphate is not

water soluble and would not be acceptable in the general Saudi Arabian

area.
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Nitric Phosphates FBsentially the processes used or under develop

ment cODSist of acidulating phosphate rock with nitric acid and other

acids, such as sulfuric and phosphoric, followed by anmoniation and in

most fOImS with the addition of potash, either the chloride or sulphate,

the latter where the sulphate radical is needed.

The Tennessee Valley Authority has done considerable research on four

types of nitric fertilizers as follows -

No.1. Acidulation of phosphate with nitric phosphoric acid mixtures,

ammoniation, adding potash salt, drying.

No.2. Acidulation of phosphate rock with nitric sulphuric acid,

anmoniation, adding potash salt, drying.

No.3. Same as No.2 except" sulphate radical is obtained from sulphate of

potash.

No.4. Acidulation with nitric acid, ammoniation to dicalcium stage,

filtration. Filtrate treated with ammonia and CO2• Calcium

carbonate separated by filtration. Erlract ammonium nitrate by

crystallization. Results - products containing dicalcium phosphate

and ammonium nitrate.
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Nitric Phosphates - Costs

Capital Investment

Capacity of plant - 100,000 tons per year

U.S.A.

$1,300,000

Product Costs

\'le have no accurate data on operating costs. It is understood that a

12-12-12 nitric phosphate is being sold in Ohio at $70/72 per ton in

direct competition with regular 12-12-12 goods which have been quoted at

$74 per ton.
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SULFUR RECOVERY

Sulfur Dioxide and Sulfur Rer.toval from Sour Natural Gas It, is

necessary to remove the sulfl.:r content (HzS) from natural gas before

it can be used in other processes which require a purified gas and

it is advisable that gas be sulfur free when transported in pipelines

in order to prevent corrosion and eliminate the possibility of toxic

reactions. There are several processes for doing this but only one

will be described in this report, the Girdler process.

The gas stream is passed through absorbing towers in contact \'lith

an amine solution which absorbs the H~. The pregnant amine solution

is heated and stripped of H~ in a second tower. The "acid" gas goes to

a combustion furnace where one-third of the Hi> is burned to S02' and

then recombined with the other two-thirds of the Hi> and passed to a

reactor. The H~ reacts with the 502 to fom sulfur vapor which goes

to a condenser where liquid sulfur is tapped off and sent to fOnDS or

solidifying pits. The exit gas from the condenser containing some

unreacted H~ is reheated with additional fuel gas and passed to a

second reactor for final removal of remaining sulfur.

It sulfuric acid is to be made adjacent to the H~ stripping unit,

the second step in sulfur removal may be omitted and then all of the

H~ tran the first step in burned to S02 in the combustion chamber of

a sulfuric acid plant for the production of sulfuric acid as described

later.
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50 tons of this recovered sulfur will supply a 150 ton per day

sulfuric acid plant. Solid or "lump" sulfur is the crude sulfur or

conunerce which can be shipped in packages or bulk and has a good

position in the world markets at prices that have been increasing

for some time.

Sulfur RecoveEY - Costs

The Chemical Construction Corporation estimated a U.S.A. plant cost

of $2,000,000 for treating 26 million cm gas containing 14.6% H~

and 15.8% CO2• This includes sulfur recovery.

The Foster-Wheeler Corporation estimated a U.S.A. plant cost or

$1,100,000 for treating 75 million cm gas containing 5% H~ and

lower CO2• Includes sulfur recovery.

The Whitco Chemical Company estimated a U.S.A. Girbitol unit for

sweetening 25 million cm gas containing 3~% H2S at $650,000. This

does not include sulrur recovery.

Capital Investment

Capacity of plant - 65,000 NT per year

U.S.A.

$2,000,000

Saudi Arabia

14,000,000

These figures are based on sweetening 100,000,000 CFD of gas containing

an average of 5% H~.
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Product Cost per 1ft' SuJ.tur

Saudi Arabia

law IILterials
5,()()(),OOO em gas • 31 I«:F
Other materials

Labor, supplies, etc.

Plant overh_d

Total

Market Price

Crude, bulk, export t.o.b. vessel

U.S.A. Oult ports N'1'

• .75
.07

5.79

5.48

3.00

'28.50 - '30.00

Sulfuric Acid Sulfide ores, elemental sulfur and hydrogen sultide

gas are the basic raw materials which are roasted or bumed to torm

502 gas. The 502 gas is oxidized and hydrated in two basic types or

plants to tom. sulfuric acid. One type is the so-called chamber plant

where the 802 is oxidized by nitre gas (nitrogen oxide) and h¥drated in

chambers and towers to fom. sulfuric acid, usually f:IJ Be' (77.67% HzS04).

'l'his type is now very little used in new projects. The second and most

used is the "contact" process plant.. The hot S02 gas from sources men

tioned is passed through a waste heat boiler, then passed through a bed

of vanadium catalyst and oxidized to S03' followed by cooling and h¥dration

and is then collected as H~4 which _1' be made any required strength,

liquid phase usually 66 Be' (93.19% Hr<'4).
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Sulruric acid is an intemediate product for manufacture of fertilizers

in Saudi Arabia but no doubt a limited quantity could be sold to Aramco

for oil refining.

Sulfuric Acid - Costs

Capital Investment

Capacity of plant - 100 NT per day
100 %H~4

U.S.A.

$720,000

Product Cost per NT 66 Be' R~4

U.S.A.

Raw materials
Sulfur at $40 NT

Labor, supplies, etc.
and

Plant overhead
and

Company overhead G.A.S.

Total cost basis 66 Be'

Saudi Arabia

$1,440,000

Saudi Arabia

tl3.30

6.00

119.30

'20.70
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CEMENT

Because ot the short.a.ge ot water, the "dry" process has been selected

instead ot the "wet" process which utilizes slurries in the preparation and

teed ot the raw materials to the kilns.

Size ot Plant

Aramco has stated that at its peak ot construction it consumed approxi

mately 750 B/D of portland c8ll1ent in Saudi Arabia. Current and continuing

needs are at the somewhat lower level of 600 B/D. other domestic require

ments are estimated to be as much again, making the total Saudi Arabian

requirement, 1,200 B/D or more. The plant developed in this report is tor

1,250 B/D, with provisions to double this capacity when needed. All pro

duction would be for use in Saudi Arabia and distribution is not predicated

on external markets.

Raw Materials

The gas requirement tor a plant of the capacity of 1,250 B/D per day

is estimated at 4,000,000 CFD.

Limestone and clay in the approxlmate proportion of 3 to 1 are the

principal raw materials for portland cement. Addition of small quantities

of gyp8\D1l (3%) is necessary to control and reduce the extremely rapid rate

of setting. Limestone, clay and gypS\DIl are available in &udi Arabia in

sufticient quantities. The plant described includes the developnent of a

gyp8\D1l quarry and grinding plant and a limestone quarry and crushing plant.
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Process

Limestone rock received f'rom the quarr,y is given a primary and secondary

crushing in various types of' crushers and hammer mills and the size reduced to

3/4 inch pieces. The clay is added by automatic proportioning equipnent

and the mixture fed to ball and tube mills for further reduction in size

to small particles.

The burning operation is carried out in cement kilns (in this plant

si l x 3001) the raw materials flowing counter current to the heat source.

The horizontal rotary kiln ~ l'I inclined 3/4 inch for each foot of length

and rotated at a rate ot one complete turn each minute. Heat is to be

supplied by combustion of natural gas, giving f'lames of 30 to 40 teet long

creating temperatures of' 2,7000F in the hottest zone where the raw rraterial

m1xture is brought to point of near fusion.

The hot clinker emerging f'rom the kiln at about 2,()()()Oll' passes through

an air quenching cooler (31 I 501), gypsum is added and the m1xture is

ground several times in finishing mills to extreme fineness, so that more than

90% passes through a 200-m.esh screen. Cement is shipped in paper bags of

94 Ibs. (1 cu. ft.) capacity and in barrels of 376 Ibs. (4 bags) capacity

and also in bulk.

Note: The government of Iraq has issued requests for bids (3 volumes of

detailed specifications) open until June 15, 1954 tor construction of two

cement plants, each 350 T/D (2,100 B/D). All of the proposed cement pro

duction is for use in the construction of four dams and no extemal dis

tribution to foreign markets is planned.
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Cement - Costs

Capital Investment

Capacity of plant - 1,250 barrels per day

U.S.A.

$3,923,000

Saudi Arabia

17,846,000

This plant is for a gas fired dry process, delivered and erected, with

quarries, auxiliary facilities and power plant.

Production Costs per Barrel

Present Prices per Barrel

Bagged, export, F.A •.S., N.Y.

Delivered in Aramco warehouse
($1.90 per bag)

Delivered to job site close to
warehouse ($2.50 per bag)

U.S.A.

$1.75-$2.00

$4.08

Saudi. Arabia

$3.00

$7.Y:J

$10.00
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CARBON BLACK

The production of carbon black would utilize a large amount of natural

gas. Two broad types of blacks are recognized by the industry - contact

(chiefly channel) and furnace. The yield is 2 to 3 1bs. of channel per 1,000

cubic teet of gas and 6 to S 1bs. tor the gas furnace blacks. In addition,

there is a group of oil-furnace blacks manufactured from special aromatic

tars, which are by-products from petroleum catalytic crackine operations.

The largest use of carbon black is in loading of rubber (25-35% in

tires). The following table trom the Bureau of l-iines Yearbook, 1952 indicates

the use pattern of carbon black in the United States during 1952.

!I!!. Thousands of Pounds Per Cent

Rubber 1,074,545 93.1

Ink 44,116 3.S4

Paint 10,62S 0 0 92

Miscellaneous 24,9S5 2.16

Total 1,154,274 100.0

The Godfrey L. Cabot, Inc. of Boston, l1assachusetts is one ot the

largest producers of carbon blacks in the U.S.A. and internationall.y.

Their advice and recommendations were therefore requested and the fo11O\'1

ing letter from Mr. Thomas Cabot is a comprehensive evaluation of the

world situation in carbon blacks. This letter was sent as a follow-up

after a conference in Boston.





I

April 16, 1954

Doctor S. H. Manian
National Research Council
2101 Constitution Avenue, N.W.
Washington D.C.

Dear Doctor Manian:

You have asked about the manufacture of channel
black as a use for tIare gas in Arabia. In our opinion
this is not a wise use, for channel black is an obsolescent
quality as Table A will demonstrate. The reason is that
furnace blacks from oil, first produced about 1941, are
capturing the markets because of better quality and des
pite a somewhat higher price. We expect this trend to
accelerate for even better oil furnace blacks (ISAF and
SAF) were introduced last year. The present prices and
relative wear in tire t~ds are shown on Table B.

The fact that channel black has held up bett.er
in the export market ~en expressed as a ratio of total
exports is not significant, for oil furnace black is now
made in England and Canada whereas the free world still
gets all its channel black from the United States. World
decline of channel black use has been even more pro
nounced than figures for the United States shown in Table
A would indicate.

The use of flare gas in Arabia for making fur
nace black is also not very promising. To be sure there
are some qualities of furnace 'blacks made from gas, such
as semi-reinforcing fumace (SRF) and high modulus fur
nace (JD-fF), which are used in substantial quantity. We
believe, however, that the production and sale of these
qualities will decline slowly from here on because of
competition of newer oil furnace blacks such as free
extrusion furnace (FEF) and general purpose furnace (GPF).
Furthennore, the total gas used in making furnace blacks
today is too small a quantity to have much effect on the
large supply of flare gas for which you are asked to
find a market.

- 69 -
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Sheet No. 2 From: Thomas D. Cabot To: Doctor S. H. J.fanian
April 16, 1954

In the long run oil furnace blacks should be
cheaper to produce than gas furnace blacks or charmel
blacks because from oil one gets high yields and high
production per furnace and per collecting unit. Oil
blacks are made at yields of from 2.5 Ibs. to 6 Ibs. per
gallon using highly aromatic petroleum tars. Charmel
black yields vary according to the richness of the gas.
Pure methane gives yields below 1 lb. per thousand cubic
feet, whereas gas rich in propane and butane will give
from 2 Ibs to 6 lbs. per thousand cubic feet. Average
yields are about 1. 6 Ibs. from normal gas. Gas furnace
black can be made with yields as high as 10-15 lbs. per
thousand cubic feet.

Because carbon black manufacturers buy gas on
short contracts and at low pressure, and largely from
producers who shun dealing with pipelines for fear
of regulation, the price paid in this country is often
less than half the field price paid by pipelines and
less than one-third of the price paid by most chemical
manufacturers. The labor and capital costs of making
black are therefore relatively more important than the
cost of raw material.

Obviously the selling price of charmel black
today in the United States would not justify the building
of a new plant here, but some existing plants can afford
to continue operations. The declining market keeps the
price depressed.

The aromatic tars used as raw material for oil
furnace blacks are by-products of making high octane
3asoline, or chemical raw materials such as ethylene,
butene, and butadiene. These tars are usuallJr sold as
Dunker oil and are priced accordinely. Ue nonnnlly pay
about l¢ per Ballon above the posted price for Bunker C
and are willing to stand this prendum because \fe must
insist on unifonnity, the problems of black manufacture
being highly technical.
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Sheet No.3 From: Thomas D. Cabot To: Doctor S. H. Hanian
April 16, 1954

Due to high rates of tire production last year
and to the technological changes in the carbon black
industr.r, an excess of carbon black production capacity
has been created. Today the industry in the United States
is operating at about 65% of capacit~-. Possibly more than
35% is shut down if one includes channel plants which are
not likely to be revived. Since early 1952 channel plants
with a capacity of 258,000,000 lbs. per year have been
shut down completely and many of these are being abandoned.

You have asked the cost of building a channel
plant. We have no recent estimates avaih.ble because
no channel plants have been built or even projected in
recent years. The most recent we know of was an esti
nate made by our British subsidiary Cabot Carbon Limited
for the Iraq -OOvernment in 1952. This estimate was paid
for by the Iraq Government and was prepared with help from
our United States subsidiary Cabot Engineering Company.
The proposal was to bum a very rich g3.S containing more
that;l 40% of ethane and propane. It carmot be readily
applied to the conditions likely to be found in Arabia.

If you wish we will make some estimates for you
but we would need to know a good deal about the conditions
in Arabia. I think it safe to say that a new ~hannel

black plant in this country would cost today at least 5¢
per lb. of annual capacity and a good" deal more than this
where the capac!t~r is small. Probably costs in the }.fid
dle East would be double this. As there are a number of
channel 'plants idle in this country, it would surely
prove mo're economical to buy equipment second hand and
this should be investigated if the project is to be con
sidered seriously.

I believe that these figures will be sufficient
to indicate Jthat the project of making channel black in
Arabia is not worthy of serious consideration at this time.
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Sheet No.4 From: Thomas D. Cabot To: Doctor S. Ho Hanian
April 16, 1954

We have many recent eatim&tes on the capital
cost of furnace black ~lants. Recently we made some rough
estimates of various types of furnace black plants for
India. Here the capital cost came out roughly lO¢ to
20¢ per lb. of annual capacity according to the size and
type of plant.

Today the trend is away from locating carbon
black plants near raw rna. terials. The newest plants are
being built close to markets, as in England and Canada.
We are presently being urged to consider plant locations
in Italy, France, Brazil, JR!1S-n, Australia, India, and
other consuming centers. The reason for this trend of
course is the new technique of mald.ng better blacks from
oil refine~J residues than we can make from gas.

Yours very sincerely,

'l'bomas D. Cabot
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TABLE A

%Channel Production of Total Carbon
Black Produced in the' United States

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

1957

1960

"

%
92.2
90.9
92.5
87.1
89.3
89.7
89.2
87.0
93.5
89.3
87.4
83.0
74.7
64.0
51.7
51.2
49.8
49.6
52.2
51.3
44.6
38.5
3~.2

28..2
25.0 estimate
20.0 estimate

15.0 estimate

10.0 estimate
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TABLE B

Relative Price r.o.b.
Quality Wear U.S. works (in bags)

Channel Black (EPe or MPC) 100 7.4¢ per lb.

High abrasion furnace black (HAY) 105 7.9¢ per lb.

Intennediate super abrasion .t'un1B.ce (ISAF) 120 1l.0¢ per lb.

Super abrasion .t'umace (SAF) 140 13.5¢ per lb.
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Fran Table A which is attached to Hr. Cabot's letter, it will be seen

that prior to the advent of synthetic rubber and prior to 1940, apprOJd

mately 90 per cent ot the total U.S.A. production ot carbon black lI8e ot

the channel type. Since 1942, the production of channel black in the U.S.

has had a conti·nuoue and eharp decline until 1953 when it represented only

28 per cent of the total domestic carbon black production. This decline

in the use of channel black has been replaced by a corresponding increase

in the use ot furnace blacks trom oil, the latter being developed to a

point of quality better than the channels, despite a somewhat higher price

for the oil turnace type. Mr. Cabot is convinced that thie trend will

accelerate because even better oil fumace blacke are being introduced

to the market.

Table III show the U.S.A. exports of carbon blacks for the years

1949-1953 inclusive. It is broken down into contact blacks (mainly

channel) and furnace blacks. The statistics in Table III show that the

ratio ot channel black to the total export ot blacks has held up much

better than the U.S.A. production ratio. This is in part due to the

preponderant use ot natural rubber outside of the U.S.A. It will be seen

from the Table that the total U.S.A. exports tor this period have ranged

from 300 to 433 million pounds per year ot which channel black has repre

sented 167 to 281 million pounds per year. During the three years, 1949,

1950, 1951, channel black exports represented 65-68% ot total exports while

in 19~2 and 1953 a trend away from channel became evident in the lower per

cent of 57 and 54 respectively. Regardless of this trend, U.S.A. export

of channel was the substantial quantity of 194,600,000 pounds in 1953.
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The U.S.A. exports of channel black to certain countries, selected as

favorable geographic locations for Saudi Arabian export and also because

they are countries whose volume or imports are substantial, were analyze'd

for the possible existence of trends (Table III). The results are as

follows.

U.S.A. export of Channel Black

Un!ted Kingdan

France

Gennany

Italy

India

Indonesia

Japan

Australia

New Zealand

Union of South Africa

A Ratio of Total Black !!Ports

No apparent downward trend

No apparent downward trend

Fluctuating

Downward trend

Downward trend

Slight downward trend in
1953 alter increasing trends
in 2 preceding years

Slight downward trend in 1953

No apparent downward trend

Definite downward trend
begi nning 1951

Definite downward trend
begimdng 1952



TABLE III

U, S. Exports of Carbon Black - Calendar Years 1942-1953 Census Bureau Report No. FT lAo Part II

Contact Black (chiefly channel) Furnace Black

Total Export
-- - - - - - -- - - - --- --- - - ~

Calendar (C & F) Net Quantity Value Average ¢ Net Quantity Value Average ¢ Per cent
Year Mi11i.ons of lbs. Lbs. $ per lb. Lbs. $ per lb Channel

f.o.b. f.o.b. over
Port of Port of total
Export Export

Total U, S. Export

1953 358.6 194,634,019 19,252,083 9.90 163,986,122 12,802,371 7.80 54.3
1952 292.9 167,376,963 16,504,224 9.85 125,531,513 9,595,408 7.64 57.2
1951 433.5 281,994,336 27,726,196 9.83 ]$1,498,952 11,428,520 7.55 65.0
1950 399.6 266,593,523 24,566,662 9.21 132,973,978 9,311,9$ 7.00 66.7
1949 303.2 205,341,968 19,840,2$ 9.67 97,902,253 6,959,688 7.16 67.8

United Kingdclll

1953 31.739 26,372,396 2,970,744 11.28 5,366,850 374,935 6.97 83.0
1952 11.122 8,279,614 1,078,529 13.10 2,842,050 195,863 6.87 74.4
1951 100.928 72,633,943 7,418,701 10.21 28,294,439 2,246,375 7.94 72.0
1950 107.142 78,665,334 7,458,067 9.50 28,476,554 2,073,502 7.26 73.5
1949 71.666 50,743,646 5,248,4& 10.31 20,922,124 1,597,273 7.&; 70.9

France
~

1953 66.300 39,778,755 3,812,210 9.57 26,580,915 2,136,495 8.03 00.0
1952 54.661- 34,907,756 3,353,139 9.00 19,752,975 1,588,213 8.04 64.0
1951 73.872 45,579,775 4,482,519 9.82 28,292,325 2,359,935 8.33 61.8
1950 52.393 31,826.375 2,987,320 9.38 20,566,550 1,659,519 8.07 00.8
1949 53.8$ 32,507,144 3,276,304 10.08 21,3&,217 1,789,188 8.38 60.3
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TABLE III (continued)

11. S. Exports of Carbon. Black - Calendar Years 1942-1953 Census Bureau Report No. FT 41;0 Part II

Contact Black (chienY channel) Furnace Black

Total Export
Calendar (C &F) Net Quantity Value Average ¢ Net Quantity Value Average ¢ Per cent

Year Mi:J.lions of lbs. Lbs•. $ per lb. Lbs. $ per lb. Channel
f.o.b. f.o.b. over
Port of Port of total
Export Export .

~

1953 30.621 13,471,713 1,296,629 9.62 17,l49,080 1,405,726 8.20 43.9
1952 17.989 9,591,876 934,489 9.75 8,387,175 724,.407 8.64 53.2
1951 27.477 14,801,919 1,466,937 9.90 12,675,200 1,108,691 8.75 53.8
1950 20.233 1l,582,180 1,130,959 9.77 8,651,200 729,798 8.43 57.1
1949 12.840 9,014,845 899,222 9.97 3,825,225 376,024 9.83 70.1

Illest Ge!!!:!5l

1953 1.570 1,104,226 lS2,274 13.83 465,{oo 49,192 10.80 70.3
1952 2.259 809,442 126,432 15.55 1,450,000 137,072 9.45 35.8
1951 2.367 1,412,474 197,949 l4.02 953,950 91,351 9.58 59.6
1950 0.779 404,275 52,508 13.00 374,450 24,108 6.45 Sl.9
1949 1.773 1,631,1~ 175,900 10.80 l4l,4oo 1l,905 8.43 92.0

I

~ ~
'4)

1953 9.181 5,213,112 518,915 3,967,550 313,200 7.88 56.8
I

9.97
1952 12.144 7,755,500 784,930 10.10 4,388,050 345,071 7.86 63.8
1951 1l.9oo 8,241..928 777,647 9.45 3,718,050 272,858 7.34 $.0
1950 1l.242 8,4l5,l42 785,422 9.33 2,826,950 180,710 6.40 74.7
1949 6.627 4,198,100 386,471 9.21 2,428,700 155,425 6.40 63.4
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TABLE III (cont:l.nued)

u. S. Exports of Carbon Black - Calendar Years 1949-1953 Census Bureau Report No. Fl' 410 Part II

Contact Black (chiefly charmel) Furnace Black

Total Export
Per cel"ltCalendar (C &F) Net Quantity Value Average ¢ Net Quantity Value Average ¢

Year l-ti1lions of Ibs. Lbs. '" per lb. Lbs. '" per lb. Channel-.J 'tP

f.o.b. f.o.b. over
Port of Port of total
Emort Export

Indonesia

1953 3.790 2,512,000 241,952 9.63 1~277,7oo 119,901 8.76 66.3
1952 3.515 3,135,000 343,939 10.62 579,700 41,762 7.20 84.4
1951 8.673 8,241,928 777,~7 9.45 430,950 29,821 6.92 95.2
1950 3.4~ 2,446,750 224,225 9.17 1,016,550 86,851 8.53 70.6
1949 2.242 1,576,326 148,893 9.45 666,328 39,976 6.00 70.0

J~

1953 17.846 13,210,526 1,321,333 10.0 4,635,100 401,477 8.67 74.0
1952 7.497 6,290,051 627,4$ 9.97 1,201,.300 111,674 9.26 83.9
1951 7.933 6,728,141 689,794 10.24 1,205,250 124,474 10.32 84.8
1950 1.812 1,554,285 182,594 11.72 257,953 32,029 12.43 85.8
1949 10.958 7,580,200 726,719 9.58 3,378,000 283,851 8.40 $.1

I

Australia ~
I

1953 20.167 15,255,378 1,406,615 9.23 4,932,200 312,832 6.34 75.7
1952 16.475 13,188,858 1,251,636 9.48 3,285,830 193,638 5.88 80.0
1951 27.139 21,040,975 1,990,978 9.45 6,097,650 415,331 6.81 77.5
1950 24.454 19,744,485 1,782,769 9.03 4,710,300 311,981 6.frl 60.7
1949 20.938 16,471,470 1,581,431 9.00 4,466i 850 318,713 7.15 78.5

~
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TABLE III (continued)

U. S. Exports or Carbon Black - Calendar Years~~-19~3 (~enQUsB~auReport No. FT 410 Part II

t:ontact Black (chietly channel) Furnace D1ack

Value
'"oj

Average I Net Quantity Value Average ¢ Per cent
per lb. Lbe. $ per lb. Chamal
f.o.b. f.o.b. over
Port of Port of total

___ __ __ ____ Export _ Export

Total Export
Calendar (C &. F) net Quantity

Year MUlions of 1bs. Lbs.

New Zealand

1953 2.320 1,191,675 121,250 10.18 1,127,950 85,017 7.55
1952 .705 343,550 34,$3 10.10 3ro,950 30,325 8.40
1951 5.224 3,256,925 308,436 9.47 1,967,300 148,990 7-"57
1950 4.209 2,9ro,725 271,420 9.17 1,240,300 87,439 7.00
191,9 1.786 1,388,025 132,406 9.54 399,625 24,2ro 6.06

Union of South Africa

1953 18.2$ 9,385,440 935,403 9.97 8,883,850 780,103 8.78
1952 14.131 7,701,525 752,792 9.78 6,429,100 557,4l5 8.66
1951 18.563 14,157,200 1,361,009 9.62 4,046,2ro 285,427 7.05
1950 16.723 13,088,300 1,222,lro 9.33 3,635,150 233,651 6.43
191,9 12.020 9,003,710 924,991 10.27 3,016,119 196,704 6.53

51.3
48.8
62.2
70.4
77.6

51.3
54.4
76.3
78.2
74.9

a

t
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From this it is seen that

1. There baa been no apparent downward trend of U.S.A. exports of

channel black in the cases of the United Kingdom, France, GermaIl1'

and Australia.

2. Slight downward. trends became evident beginning 1953 in the cases of

Japan and Indonesia.

:3. Definite downward trends are evident in the cases of Italy (since

1950), India (since 1951), New Zealand (since 1949), and Union of

South Africa (since 1952).

In all cases, the U.S.A. exports of channel black are still in sub

stantial quantity. This situation should present adequate outlets for

competitive entry of Saudi Arabian channel blacks of the proposed annual

capacity of 15 to 20 million pounds for a n\Dnber of years to come (estimated

at not less than 5 years). The long range estimates to 1975 for the world

use of natural rubber (in which the use of channel black is preferred in

current formulations) are up to 2,500,000 long tons per year. This would

appear to assure a continuing need for channel. This aSS\Dnes that research

and developnent in the carbon black field would improve the two types of

carbon black at approximately the same rate.

It may also be noted from Table III that the price for channel black

per lb. f .0.b. U.5. port of export has ranged from 9!¢ to 10¢ (higher in a

fev instances) and this indicates that an appreciable margin of profit for

Saudi Arabia should be possible.

The possibility of using Arabian waste gas tor the production of gas

turnace blacks is also held by Mr. Cabot to be not very promising. While
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admitting that there are substantial markets at the present time for cer-

tain types of gas furnace blacks, he believes "that the production and sale

of such blacks will. decline slowly from here on because of campetition of

newer oil furnace blacks" of special types.

Carbon Black - Costs

Capital Investment

The following are estimates of capital investment for channel black

plants of two different capacities, one for buming 25 million cro and the

other for 50 million CFD of gas containing 3.42% hydrogen sulphide. The

estimates are based on using presently operating units which can be made

available and which can be dismantled, shipped in sections, and re-assembled

at the proposed plant site for considerably less than all new material would

cost today.

Plant No.1 Capacity - using 25 million CFD
2 lbe. yield per 1000 CF =18,250,000 lbs/JT
3 1bs. yield per 1000 CF =27,375,000 lbs/yr

Girbotol Treater Unit

Channel plant complete, including
laboratory, warehouse, pelletizing
plant for export packaging

Total cost

U.S.A.

$ 650,000

1,768,000

$2,418 11 000

Saudi Arabia

$1,300,000

3,536,000.

14,836,000
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Plant No.2 Capacity - using 55 million CFD
2 lbs. yield per 1000 CF = 40,000,000 lbs/p
3 lbs. yield per 1000 CF = 60,000,000 Ibs/yr

U.S.A.

G1rbotol Treater Unit $1,250,000

Channel plant complete, including
laboratory, warehouse, pelletizing
plant for export packaging 4,377,100

Total cost $5,627,100

saudi Arabia

$2,500,000

8,754,200

$11,254,200

Production Costs per lb•. Including depreciation, interest, etc., (estimated)

U.S.A.

F.O.B. cars

F.O.B. ship

Present Prices of Carbon Blacks
and Relative Wear in Tire Treads (G. L. Cabot. Inc.)

Saudi Arabia

Channel Black (EPe or MPC)

High Abrasion Furnace Black (HAF)

100

105

Intennediate Super Abrasion Furnace (ISAF) 120 1l.0¢ per lb.

Super Abrasion Furnace (SAF) 140 13.5¢ per lb.

Freight Rates and Additional Prices

The freight rate from Dammam to New York 1.7¢ per lb.

Carbon Black from natural gas - imported into the United Kingdom -

c.i.f. U.K. 12.6¢ per lb.
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SYNTHETIC RUBBER

A synthetic rubber project is included for consideration for

Saudi Arabian developnent for s~veral reasons.

1. Outside of the United States there is very small production and

consumption of synt~etics.

2. It is believed that at least in part the limitation on the use

of synthetic rubber by foreign countries resides in their difficulty

in obtaining dollars for purchase from the UoS.A.

3. The raw materials for the camnercially developed synthetic rubbers

(GR-S and Butyl) are obtained from petrolewn.

4. The long range world supply-demand forecasts (to 1975) indicate

an increasing requirement for sJ'%lthetic rubber beyond the existing

U.S.A. producing capacities, even after accounting for the expected

rate of increase of world production of natural rubbero

5. GR-S for bulk use in tire tread stock and Butyl for inner tube

manufacture are now considered superior to natural rubber.

Consumption of Rubber

Table IV on page 93 gives the consumption of rubber for natural, synthetic,

and natural pluS synthetic, for the years 1948 through 1953, for the UoSoAo, the

United Kingdom, Gennany and the total continent of Europe exclusive of U.S.S.R.

It is noted that the consumption of natural rubber in Europe is 10 to 20

times greater than synthetic. In the UoKo it is. 40 to 50 times greater

but in the UoSo synthetic consumption is greater than naturalo



rr

-92-

There is great opportunity tor increase in world consumption ot synthetic

rubber. This tuture world requirement for. total rubber and the tractions

to be supplied by synthetic and natural. are discussed in the tollowing

sections on rubber•

.Ptoauction and Positiop of Butyl Rubber

In Table V on page 95 the production ot Butyl rubber in the U.S.A. and

Canada tor the years 1943-53 is given. By 1953, the annual production

capacity in the U.S.A. and Canada were 90,000 and 17,000 long tons

respectively.

In Table VI on page 95 the Butyl rubber position in various countries

is given. As to consumption outside the U.S.A. and Canada, only Fra.nce con

sumed aD1' quantity worth mentioning (5,000 LT). No doubt Italy has some

consumption ot Butyl rubber but the data is not published.

PutUl'! SupplY-Demand RelatioP8hipe (based on information fran Govermeot-owned
Rubber Prod.uc~ Facillties.RFC,
March 1, 1953

The quality superiority of synthetic rubber over natural rubber for

bulk uses may not be sufficient to overcome a large price differential in

tavor ot the natural product. The possible ettect ot such disparity is

considered in the tollowing.

The price of GR-S since 1943 has ranged between 18~¢ and 26¢ per pound,

as shown in.Chart 1 on page 97, which also shows the price ot natural

rubber (No.1 ribbed smoked sheets - New 'York) trom 1928-1952. In March 1952,

the pri~e ot GR-S was reduced trom 26. to 23.. For tiscal 1953, the profit

per pound ot GR-S and tor Butyl wa~ 4••
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TABLE IV

Consumption of Rubber

(Adapted from Rubber Statistical Bulletin p London p Marcha 1954)
Tota1*

Other't Continent
Date France Gennany Europe Europe U.SoAo UoK.

Natural Rubber

1948 86,471 45»555 144,358 275 j ooO 627,332 193,731
1949 91,163 65»948 171,916 327,500 574,522 184,255
1950 99,886 78,lIJ2 171;791 3509000 720»268 219,668
1951 117,815 81,776 191,643 391~250 45411 015 234,234
1952 112,785 87»239 192,062 392,000 453,846 197»268
1953 108,305 100,398 207,000 417»150 553,434 206,591

(Buna-S, Neoprene)
Synthetic Rubber (Buna-N, Butyl)

1948 7,401 4,422 3,606 15»000 44211 072 2»555
1949 8,303 2»230 3,471 14,000 414»381 2,367
1950 7,400 3,372 5~303 16,000 538,289 2,757
1951 8,620 4»356 9,362 22,250 758,897 3,867
1952 11,264 9»090 14,486 35»000 807,0371- 4,911
1953 12,924 10,954 15,500 39,750 781,939 4,862

Natural and Synthetic Rubber

1948 93,872 49 j 977 148,000 290 j ooo 19 069 g 404 196,286
1949 99,466 68,178 175 j 4oo 341 j 5OO 988,903 186,622
1950 107,286 81~974 177,100 366,000 1,258,557 222 g 425
1951 126,435 86,,132 201,000 413,500 1,214,298 238,101
1952 124,049 96»329 206g 5oo 427,000 1,261,413 2Q2,179
1953 121,229 111,352 221»700 457»000 1,335,373 211,453

All f'igurea are in long tons.

I- Since 1952, including Oil Content (avo about 85»000 LT/y)

* Excluding USSR Imports, which varied from low of 42,000 in 1953 to a
high of 123,000 in 19520
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TABLE V

Butyl Production in U.S.A. and Canada

<All figures are in long tons)

U.S.A. Canada Total

1943 1,373 0 1,373
1944 18p 890 2,767 21,657
1945 47,426 9,079 56,505
1946 73,114 12,!)211 85,325

1947 62,820 7»079 69,899
1948 52,603 7,952 60»555
1949 52»337 7,047 59,384
1950 55g 832 12,921 68,753

1951 74,105 14,754 88,859
1952 79,368 16,899 96,267
1953 78,538 16»801 95,339

TABLE VI

Butyl Ru~ber Position in Various Countries

(All figures in long tons)

U.S.A. U.K. Canada France Brazil
Jan/Dec/53 Jan/54 Jan/Nov/53 Jan/Dec/53 Jan/Oct/53

Production 78,538 15,268

Imports 1»263 206 - 4,937 98
Exports 237 (?)

Consumption 77»801 98 4,165 5,064

Stocks at End of Period 24,797 19 403 1,9560 1,436
Stocks on Januar,y 1st 22,716 1,302 1,547 1,563

Above Data from Rubber Statistical Bulletin, London, March 1954
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CHART 1

AVERAGE MONTHLY SPOT PRICE
NO.1 RIBBED SMOKED SHEETS- NEW YORK

1928-1952
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An analysis of the major elements of production costs under government

ownership versus future operation by privately owned industry has led the

natural Rubber Bureau, which represents the Valayan Rubber industry, to

estimate the prospective price of synthetic rubber under private ownerhip

to as high as 30¢ per pound (Natural Rubber News~ January 1953). The future

price of natural rubber is difficult to forecast. As shown in Chart 1, the

historical market price of natural rubber has fluctuated widely, being in

general, higher than GR-S. Rubber prices are quoted for No. 1 ribbed smoked

sheets (R.S.S.). Although GR-S is not strictly comparable with any parti,

cular grade of r~tural rubber, it is generally considered interchangeable

with No. 3 R.S.S. in tires w~ich sells at prices ranging from 1/S¢ to 2!¢

below No.1 R.S,S. depending upon the supply and demand status of the

market.

The ability of synthetic rubber to compete with natural in the future

will depend more finnly on supply-demand forecasts than on the possible

future price relationships between the two cOl'mr.odities. Because the essen

tiality of rubber in modern civilization assures its continued usage, the

gap between new rubber demand and natural rubber availabilit;r can be taken

as the measure of minimum synthetic consumption.

The supply-demand relationship for new rubber in the free world is pre

sented in Chart 2 on page 101,9 which shows actual supply and demand for 1930

through 1952 and shows projections, fiI'5t through 1955, and then to 1975

(exclusive of the da.ta for the Iron Curtain countries) 0 The forecast for

the period through 1955 has been derived principally from industry sources.

The forecast for the period of 1955 to 1975 is derived from the Paley Commission
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Report. (The Paley Commission Report does not provide year by year estimates

as might be assumed from the chart presentations. The report merely con

tains certain textual conclusions which are here portrayed in graphic ronn,

Resources for Freedom, A Report to the President by the President's

Materials Policy Commission, Vol. II, p. 99 et seq, Washington, June 1952.)

The forecasts of natural rubber availability to the world for like periods

are derived from the same sources.

Attention is called on Chart 2 to the widening gap between supply of

natural rubber and the total demand for new rubber. The indicated deficiency

of natural rubber in 1954 is 765,000 long tons and increases to 1,100,000

long tons in 1955. For all practical purposes, this deficiency must be

satisfied by U.S.A. synthetic car4city. Exclusive of the U.S.A., Eastern

Gennany, and the U.S.S.R., synthetic rabber production is presently carried

on only in Canada and Western Gennany. Annual Canadian capacity is approxi

matel;}T 75 11 000 long tons and Gennan capacity 5,000 long tons. While there

has been a certain amount of planning for additional synthetic capacity

in other nations, it has not progressed beyond the paper stage, and in

any event, the aggregate capacity under discussion is not significantly

large in relation to world tonnage. The U.S. capacity for synthetics of

the GR-S and Butyl types is 900,000 to 950,000 long tons depending on the

number of different types of GR-S produced. It is apparent that the ·short

tenn· demand (to 1955) for synthetic rubber will tax the productive capacity

of all present f~cilities.

;iith respect to the possibility of natural rubber filling the short

term del!land, it is noted that new rubber plantings require B.even years
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for maturity before giving any appreciable yield. Hene.e, even if new

plantings far beyond present estimates haV'e been undertaken, they could

not substantially affect the availability of natural rubber in this decade.

The long range forecasts for world consumption of rubber indicate the

necessity for a greatly expanded synthetic capacity. The estimate for 1975

demand for new rubber rapidly mounts to 5J'0OO,OOO long tons (see Chart 2),

and this can be met only partially by the slowly accelerating produ:tion

of natural rubber, estimated at 2,500,000 long tons. The indicated de

ficiency of 2,500,000 long tons compared with total world capacity for

synthetics of less than 1,100,000 long tons, (exclusive of U.S.S.R.)

suggests the need for greatly expanded synthetic rubber capacity. Even

if these forecasts are discounted with extreme conservatism, there appears

to be no real possibility that natural rubber may come into the market in

sufficient amount, over a sufficient period of time, to present a real

threat to the market position of the synthetic product.

Technology

The Office of S~'Ilthetic Ru.bber calls attention to the difficulties

and complexities involved in any n~w private "undertaking in GR-S synthetic

rubber in obtaining complete knOl'l-how and releases excluding Butyl rubber.

Patents and private infonnation to which the U.S. government has full

access b;r virtue of its agreements with private companiesl' would require

considerable ne~ot1ation for clearance for foreign or even domestic private

use. Info~tion regarding processing, uses and costs for Butyl can be

readily obtained from the Standard Oil Deve10pnent Coopany vrhich has sole

ownership of patents in this area.
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It should be stressed that the equipment and processes are complex and

require close control and competent and experienced technical personnel

for their operation and administration. It is probable that such personnel

would have to come from the U.S.Au on a continuing basis for at least

several years. Continuing research and development activities must be

maintained and require hi8hly trained and qualified scientists who also

would have to be imported.

Water Requirements

VerJ large quantities of purified process water and cooling water are

consumed in synthetic rubber plants. A detailed or complete water balance

has not been developed for this report. The report section on butadiene

records for fiscal year 1953 the consumption of 8 gallons of water for each

pound of butadiene produced. Purified process water (both by lime and

soda, and also followed by Pennutit treatment) required for GR-S production

is estimated at 8 pounds for each pound of GR-S produced.

Raw ~~terials - Feed Stocks from Petroleum Refiner,y

~ - Suggested capacity of 46,000 LT/y

Butadiene (98% pure)
Styrene (991% pure)

38,000 ST/y
11,300 ST/Y

Butadiene: In the U.S.A. butadiene is generally made from "B-B"

charge stock from petroleum refinery cracking operations. It can

also be made from n. butane but this would require additional

catalytic dehydrogenation equipment and processing and therefore

increased capital requirement.



"B-B" (assuming 25% n. butylene content and
70% processing recover,y)
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216,000 ST/Y
600 ST/D

Arameo does not carry out cracking operations in Saudi Arabia.

Hence, there is not available any of these light end unsaturates

which could be used for a GR-S plant. Butane gas is available

in Saudi.

n. butane (based on ultimate yield
butadiene ot 63%) 61,000 ST/Y

. 175 ST/D

Stmne: capacity 1l,3oo ST/Y

ProPane (.70 1bs. per lb. of stYrene) 8,000 ST/Y

Benzene (1.10 lbs. per lb. of stYrene) 12,000 ST/Y

Propane is available in Saudi Arabia. Benzene would have to be

Purchased in the ~!editerranean countries, France or Italy, from

their coal tar operations since Aramco does not make any syn-

thetic petroleum benzene.

Butyl Rubber - Suggested capacity of 46,000 LT/Y

Isobutylene (95-96% pure - .99 lbs. per lb. Butyl)

Isoprene (93-94% pure - .25 1bs. per lb. Butyl)

45,500 LT/Y
143 ST/D

1,150 LT/Y
7,300 1bs/D

Both of these monomers are obtained from feed stocks from refinery

cracking operations. The isobuty1ene from a "B-B" feed stock con

taining approximately 20% isobutylene and a processing recoverJ- of

85% would require 858 ST/D of feed stock. The i~.'.oprene is extracted

from a C4-C9 unsaturated refincrJ stream. Neither one of these feed

stocks are available in Saudi Arabia under Aramco's present operc:.tions.
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It is possible to make isobutylene from· isobutane, which again would

require additional equipment for an added step of catalytic deh1dro

genation. The quantity of isoprene involved (3.7 ST/D) is too small

to plan on a separate extraction and purification system, even if the

raw material were available, and it would be better to plan on pur

chasing the material it possible.

The Caltex Company has cracldng operations in its refinery on the

Island of Bahrein. We have conferred with its New York oftice staff as

to the availability for Saudi Arabia of the feed stocks discussed above.

They advised that Caltex uses all its light end unsaturates for up

grading of gasoline to increase the octane rating. The facilities are

designed and equipped for this type of operation and it would cause a

considerable rnDIlber of dislocations to change, it would be expensive,

and there are the currency canplicationa ot Bahrein being in the

Sterling bloc while Saudi Arabia is in the dollar area.
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Rubber - Costs

Capital Investments

Later in this report capital cost data are developed. The results based

on Reconstruction Firiance Corporation figures are 5 ummari.zed in the follow-

ing. These costs do not include pressure tank cars which are needed for

the transportation of volatile materials.

Summar.y Per Annual Ton Capacity

U.S.A. Saudi Arabia

12/31/52 Estimated New
Replacement

GR-5 LT
Butadiene ST
Styrene ST

Butyl LT
Butyl - paid up royalty

$193
379
266

$590

$290
570
400

$540*

$ 500
1,140

SOO

* Supplied by Standard Oil Development Company

Based on infonnation from industry, the U.S.A. replacement costs are

estimated at $200, 1375g and ;250 per annual ton capacity for GR-S g

butadiene, and styrene plants respectively. From this, the corresponding

Saudi Arabian costs per annual ton capacity would be 1400, $750 and $500.

L~rovement in technology, increased efficiency of labor and a peace time

environment for construction are reflected in these lower cost estimates.

In the following estimates of capital investments for plant capacities

in Saudi Arabia g the Reconstruction Finance Corporation figures for new

plants have been us ed.
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Capital Investment for Suggested Plant Capacities for Saudi Arabia

Plant Suggested U.S.A. Saudi Arabia
Capacity

GR-S 46,000 LT $12,300,000 $26,600,000
Butadiene 40,000 ST 22,800,000 ~5,6OO,000
Styrene 12,000 ST 4,800,000 9,600,000

Total GR-S $40,900,000 $81,800,000

Butyl 46,000 LT 24,850,000 49,700,000
Butyl - paid up royalty 0 $200/LT 9,200,000

Total Butyl $24,850,000 $58,900,000

Production Costs

Detailed breakdown of production costs are not available. An average

overall cost for production of GR-S and Butyl rubbers is presented as

suggested and outlined by the Director and Staff of the RFC Office of

Synthetic Rubber.

The current selling price of GR-S and' Butyl rubber is 23~ and 22~

per pound respectively, including profit of about 16% of the selling price.

This would then lead to a calculated production cost of approximately

l8¢ per pound which would include taxes (except income taxes), depre-

ciation over a period of eleven years, interest expense, charges for

research and development, etc.

It is suggested that a total cost of production for GR-S would be

about 20¢ per pound in the U.S.A. and 26-27¢ per pound in Saudi Arabia,

depending on the cost of raw material feed stocks. For Butyl rubber,

the estimated cost of production would be l8~ per pound in the U.S.A. and

25¢ per pound in Saudi Arabia.



- i09 -

The following is quoted from a letter from Mr. R. B. Wittenberg of

the General Tire and Rubber Company -

"There is a very definite interest on the part of foreign

rubber plants in GR-5, and I have no doubt that large

tonnages of GR-S will be exported from the United States

when and if the synthetic rubber plants are transferred

to private hands. I cannot give ~-ou statistically the

exact quantities of GR-5 which might be sold abroad, but

I am very certain that there would be no problem at all

in disposing of 30,000 tons of GR-5 per year from Saudi

Arabia in the tire and rubber plants in Africa and the

Southern European countries. There would likewise be no

problem in disposing of the Butyl rubber made under the

same conditions. "--and we feel that there is an ex

tremely large opportunity for synthetic rubber both here

and abroad."
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DESCRIPrION AND ANALYSIS OF TYPICAL PlANTS

The following information is based principally on discussions with the

Director and Staff of the Office of Synthetic Rubber, Reconstroction

Finance Corporation, and from Govemment-owned Rubber Producing Facilities.

RFC. March 1. 1953. Some facts and relevant ,material from other sources

have been added.

GR-S Rubber

This is a general purpose synthetic rubber, which is produced from

butadiene and styrene by processes of copolymerization. Its bulk uses are

principally in transportation items. For passenger car tire. it is con

sidered superior to natural rubber. "Other uses are in footwear, soles and

heels, 1d.re and cable insulation, and mechanical goods. It is made

available either as dry rubber or as latex. Natural latex is considered

superior to synthetic; however, the latter is significantly less c08Uy

and is finding increasing application in the manufacture of foam rubber

and bedding.

Materials Butadiene and styrene are the two principal feed stock

materials, charged in a ratio of approximately 70 to 30, and monomer con

version carried to 6(Jf, for cold rubber. The monomers are generally

received by pipeline from adjacent plants or by tank car from various

suppliers.
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Other important materials required for the operation are:

Material

Mercaptan

Catalysts

Fatty acid soap

Rosin acid soaps

Shortstops

Antioxidant

Sulfuric Acid (93%)

Caustic soda

Activators

Electrolyte

Salt (sodium chloride)

Soapstone

:&nulsifiers

Defoamer

3 & 4-ply bags

Caustic (potash)

Inhibitor

Brine (satd o solo. NaCl)

Application

Modifies the plasticity of the polymer

For the polymerization reaction

&nulsifier in the polymerization
reaction

l!bulsifier in the polymerization
reaction

Stops polymerization

For finished product

Coagulates the rubber from the latex

Increases the stability of the latex

For the polymerization reaction

To lower the viscosity of the latex

Coagulates the rubber from the latex

Dusting powder to prevent the rubber
from sticking to the paper bag

Emulsifier for processing oils and
polymerization recipes

Added to latex to reduce foaming

Packaging polymers in 75-pound bales

Polymerization - latex soap make-up

To prevent polymer fo:nnation in the
vapor phase

Polymer coagulation
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Process The original process carried out the polymerization at 1220 F in

a soap emulsion, batchWise, in glass lined jacketed reactors, using circu

lating water in the jackets for cooling. A later developnent pennitted

carrying out the reaction at 4loF <"cold rubber ll ), using alcohol-water solution

in the jacket for cooling. A further development uses the present method of

the direct expansion of ammonia in cooling coils placed in the reaction

vessels for refrigeration.

At the polymerization temperature of 410F the reaction time cycles are

generally 9-10 hours for the polymer reactors and 40-45 hours for the latex

preparations. The reaction is stopped at 60% monomer conversion by the

addition of a short-stopper to the latex at the appropriate time. Reaction

rates and plasticity of the polymer are controlled by use of activators,

catalysts and modifiers.

Unreacted butadiene and styrene are removed as vapors by vacuum flash

techniques, compressed and condensed for use in blending for recycle process.

The stripped latices are blended, antioxidant added, the mixture creamed by

addition of saturated brine solution, and the polymer is coagulated by means

of sulphuric acid serum. The pol;ymer crumbs are screened, washed, filtered,

shredded and dried to a moisture content of less than 0.5%.

Latex The stripped latex containing about 20% polymer is concentrated. up

to 60-65% by ~lacuum evaporation, and is ready for deliver'J into tank cars for

shipment.

Haintena.nce All repairs, maintenance work, and equipment cleaning can

be carried out by regular plant maintenance crews. No complete shutdown of

the plant for maintenance is necessary as contrasted to methods of scheduled

shutdowns for bI.:tadiene, Butyl rubber and petro},eum plants.
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GR-5 - Coste

Capital Investment

The capital cost for a GR-5 plant is presented for one specific plant

and also the average capital cost of the 13 government-owned plants through-

out the country. The fi,:ures for 1946 substantially represent the original

construction cost and those for 1952 substantially represent the original

construction cost plus additions (inclUding construction in progress at

December 31, 1952), less retirements.

Cost per
l-1axi.mum Cost Cost Annual
Annual (thousands) (thousands) Long Ton
Capacity Jan.l. 1246 Dec.31. 1952 Dec.31. 1952

GR-5-l 49,000 LT $ 6,956 $ 9,276 $190

13 plants 860,000 LT 142,235 165,895 193

The staff of the Office of Synthetic Rubber suggests increasing this

capital cost by 50% in the U.S.A. to represent the increases in eosts of

materials, equipment, labor and const ruction to current levels, giving

approximately $290 per c.:.nnual long ton. For Saudi Arabia, applying a

conversion factor of 2 to the U.S.A. cost, yields an estimated capital

cost of '580 per annual long ton.
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Butadiene (Petroleuml

Butadiene for synthetic rubber is produced either trom ethyl alcohol

or from butylene extracted from petroleum refinery butane-butylene stock.

The process and financial data herein presented is tor a petroleum

butadiene plant.

Materials Butadiene ot 98.0% purity is produced from nonual butylenes

contained in refinery "B-B" charge stock (but&ne-butylene). This stock

normall.y contains 20-30% isobutane, 10-20% isobutylene, 25-30% n. butylene,

25-3CYj( n. butane, and the balance consisting of light and heavy ends.

Other important materials required are sulfuric acid, caustic soda

(liquid), furfural (selective solvent for butylene), catalyst, absorption

oil (for propane and lighter gases), triethanolamine (neutralize furfural),

ground alum and flake caustic for water treating, liquid chlorine for

drinking and cooling water.

Process The "B-B" charge stock is put through a series of tractionators,

absorbers, strippers, etc. to separate the nonnal butylenes tor further

processing. The other components may be piped back to the area refiner-,{.

Here also the isobutylene is po~erizedwith acid and z-emoved for return

to the refineries.

Dehydrogenation Essentially the butylenes are converted catalytically

to butadiene with the release of hydrogen gas. Numerous traction

ations , selective absorptions and strippine operations follow for

the separation of the C3 and lighter fractions, hydrogen, carbon

dioxide and water. ....aste heat boilers produce steam. The re-

covered hydrogen and C3 tractions are used for fuel.
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Butadiene Purific.."tion The crude butadiene containing some

butylenes (-1 and -2) are processed throujl touers, furfural

absorbers, strippers and fractionators. P:iroll~· specification

butadiene is obtained. The butylene -1 anG. butylcne -2 separated

at different sta3es of the process are fed back to the catalytic

dehydrogenators. Some heavier C5 fraction is obtained.

In the process descrl.bed above, furfural is employed as the selective

solvent in both the feed prepc.ration and butadiene purification units.

There is another process cOTilmerci<'.l.ll;{ used where cuprous aJ!lmOnium acetate

is utilized as the selective solvent in the butadiene purification unit.

This is called the Cuprammonium Process. The difference in solvents

naturally results in different e~uipment and processins cond~tions.

FIlcilities must be avaih\ble for waste Ttroter di5pos~1 but no treatment is

required for water disposal.

Haintenance All ec..uipment other than tankage should be rer.loyed from

service once a year for annual test, inspection, repairs, and replacement.

The inspection schedule for tank fam e~uipment may be once every three

lears, and for the boilers ever'J six months. Appreciable manpower is re

quired for the broad JDc1.intenance program.
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Butadiene - Costs

Capital Investment

The capital cost for a butadiene plant is developed for the particular

plant at Port Neches, Texas and also average capital cost of the 7 government-

owned plants throughout the country. The figures for 1946 substantially

represent the original construction cost and those for 1952 substantially

represent the original construction cost plus additions (including con

struction in progress at December 31, 1952), less retirements.

Cost Per
1-1a.x:imum Cost Cost Annual
Annual' (thousands ) (thousands ) Short Ton
Capacity Jan.l. 1946 Dec.31. 1952 Dec.31. 1952

Butadiene
(Port Neches) 197,000 ST $ 54,465 $ 5S,357 $296

7 plants 539,200 ST 190,66S 204,472 379

The staff of the Office of Synthetic Rubber suggests increasing by 50%

this U.S.A. capital cost to reflect current levels of costs of materials,

equipnent, labor, and construction. This would result in a capital cost

of approximately ~570 per annual short ton for the average cost of the

seven butadiene plants. For Saudi Arabia, applying a conversion factor of

2 to the U.S.A. cost gives an approximate capital cost of $1,100 per

annual short ton.
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Styrene

Styrene is manufactured from propane and benzene as principal raw

materials.

l.faterials Industrial grade benzene is supplied in the U.S. both from

the manufacture of coke (coal tar processing) and from petroleum synthetic

benzene. Propane is supplied by petroleum refinery operations. Other

important materials required are liquid ammonia, aluminum chloride

(alkylation catalyst), sodium hydroxide. solution, sulfur (polymerization

inhibitor), catalyst (dehydrogenation), dolomite lime and liquid chlorine

(for water treating), and sulfuric acid (for crude benzene purification and

water treating).

Process The plant carries out several principal reaction processes

propane to ethylene, to ethylbenzenejl to crude styrene and finally to

styrene purification.

Ethylene production Propane is thermally cracked in vertical

furnaces to produce ethylene. The cracked gas is compressed,

dried with a solid desicant and refrigerated to permit separation

of components by distillation. The separated ethylene is sent to

the alkylation reactors in the ethylbenzene unit. Higher boiling

materials are separated into C2, C3' and C4 fractions and a residue

oil fraction. The C2 and C3 fractions can be recycled to the

cracking furnaces.

Benzene purification The crude benzene fractions are purified by

a combination of fractionations and acid and alkali washes to re

move heaV',{ ends, unsaturated components and sulfur, and finally
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separated into pure benzene and toluene. The benzene and toluene

produced in the styrene production unit (dehydrogenators) are also

purified in this unit.

EthY1benzene production Et.hy1benzene is formed by an alkylation re

action wherein the benzene and ethylene are fed into acid brick

lined reactors with aluminum chloride. The reaction product is

further processed for separation of components and purification of

ethylbenzene.

Styrene production (dehydrogenation) Hydrogen removal from ethyl

benzene yields crude styrene. The dehydrogenation is carried out

at hiBb temperature, atmospheric pressure, in the presence or

steam using a catalyst. The crude product const.itutes the feed to

the styrene purification unit. It contains from 35-40% styrene and

small amounts of benzene and toluene, the remainder being ethyl

benzene.

Styrene purification Purification of crude styrene is principally

by fractional distillation through towers. Benzene and toluene are

first removed, and then, ethylbenzene, tar and sulfur, yielding

styrene of 991% purity. The entire purification is conducted under

vacuum. Sulfur is introduced into the refiux of the various towers

to inhibit thermal polymerization of styrene.

Maintenance General maintenance is carried on as needed without pro

duction shutdowns. A yearly shutdown should be scheduled for cleaning,

inspection, repairing, replacement and testing of major pieces of equip

ment. The work can be performed by the regular plant maintenance personnel.
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Styrene - Costs

Capital Investment

This plant is the only government-owned styrene facility and the costs

are as follows. The figures for 1946 substantially represent the original

construction cost and those for 1952 substantially represent the orieinal

construction cost plus additions (including construction in progress at

December 31, 1952), less retirements

Cost Per
Maximum Cost Cost Annual
Annual (thousands ) (thousands) Short Ton
Capacity Jan.l. 1946 Dec.;31. 1952 Dec. 3L 1952

57,000 ST ~11,932 $15,131 ~266

The staff of the Office of Synthetic Rubber suegests increasing by 50%

this U.S.A. capital cost to reflect current levels of costs of materials,

equipment, labor, and construction, giving approximately~ per annual

short ton. For Saudi Arabia, applying a conversion factor of 2 to the U.S.A.

cost gives an estimated cost ot ~SOO per annual short ton.
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Butyl Rubber

Because of its superior air retention properties, Butyl rubber is

used principally in the manufacture of inner tubes and in the production

of tubeless tires. For inner tube use it is superior to natural rubber

and has practically supplanted it. It also happens to be the cheapest of

the synthetic rubbers to produce. There are "two Butyl rubber plants in the

U.S.A., total capacity of 90,000 LT per year, one 43,000 and the other

47,000 LT capacity. Domestic consumption is approximately 70,000 LT per year.

Canada has a small plant of 17,000 LT annual capacity.

Materials Butyl rubber is a copolymer of isobutylene and isoprene

in the approxiInate ratio of 98 parts of isobutylene and 2 parts of isoprene.

Isobutylene of 95-96 wt.% purity is prepared from a stream of mixed butane

and butylene produced from catalytic cracking operations in a petroleum

refinery and transported by pipeline to the Butyl plant. The butane 

butylene stream after removal of the isobutylene is routed to an adjacent

butadiene plant for the recoverJ of normal butylene before being returned

to the refiner-J. Isoprene is produced in only one of the Dutyl plants.

For Saudi Arabia, an isoprene producing facility should not be planned

but the relatively small quantity required should be purchased, if

available, from the Caltex rt"finery on the island of Bahrein. This

possibility has been discussed previously in this report.
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Other important required materials are

Material

Ethylene

1·1ethyl chloride

Phenyl-Beta-Naphthylamine

Propane

Wash oil

Aluminum chloride

Activated alumina

Sulphuric acid

Zinc sulphate

Stearic acid

Sodium hydroxide

Process

Application

Refrigerant

Reaction diluent

Antioxidant to prevent oxidation of
the finished product

Refrigerant

To clean reactors

Catalyst

To dr,y rec7cle gas

Absorption medium for isobutylene

To prepare anti-tack agent

To prepare anti-tack agent

Acid neutralization

Isobutylene extraction Isobutylene is recovered of approximately

95% purity from a mixed butane-butylene stream from catalytic

cracking operation containing approximately 20% isobutylene. The

isobutylene is absorbed in 65% sulfuric acid solution in a counter

current liquid-liquid extraction system. The spent butane is

caustic and water washed in a tower and then routed either to the

butadiene plant or returned to the refinery. Regeneration of the

acid extract is carried out in a plate tower by counter-current

treatment with steam. The released isobutylene is taken overhead
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as a vapor, and the diluted acid at the bottom and reconcentrated

and reused. The regenerated isobutylene is further purified by

caustic and water scrubbing to remove alcohols, compressed, con

densed and pmnped to storage. There are by-products which are

recovered and ultimately regenerated into isobutylene. The yield

of the isobutylene product (95-96% purity) is approximately 85%

of the isobutylene in the feed.

PolYmerization The isobutylene and isoprene monomers are

copolymerized to the crude Butyl rubber for later finishing

operations. The butylene is first highly purified by successive

distillations. The total mixed feed containing the added isoprene

and make-up methyl chloride at a very low temperature is led to the

reactor where. the catalyst is introduced through nozzles. The

reactors are ethylene jacketed to pennit temperature control of the

reaction. The reaction product (the ~~yl polymer) along with

unreacted hydrocarbons and methyl chloride diluent is discharged

from the top of the reactor, separated from the reaction mixture

and the rubber remaining as a slurry in water is pmnped to the

finishing operation. The unreacted hydrocarbon and diluent vapor

are separated, purified throueh compression, dried by activated

alumina, fractional distillation and subsequently recovered for

rec;/cle.

Finishing The polymer-\'later slurry is vacumn filtered and the

water returned to the po~erization section. The polymer crumbs

are tunnel dried and the resulting rubber mat is then broken into
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small pieces, charged to an extruder, to a hot mill, discharging

to a finishing mill. Here a strip of rubber of desired shape and

size is produced, cooled, cut, stacked and packaged.

Products A number of grades of Butyl rubber are produced but the

large volume i tern is GR-I-18 followed by GR-I-15, and GR-I-25.

].~aintenance ~1aintenance is ~eneral1y divided into three parts

Routine Laintenance of individual pieces of equipment as needed,

while the plant is in operation.

''l-linor turnaround" - to inspect and repair at scheduled intervr.ls

major pieces -of equipment which can be temporarily removed from

service without stopping production of Butyl (e.g. isobutylene

extre.ction section, eve~T two years).

1I1:ajor turnaround" - the purpose of which is to remove major

pieces of e~uipment from service at scheduled intervals for

cleaning, inspection, major repair or replacement, and testing,

durine which time the production of Butyl is stopped, (e.g. the

polj1llerization unit).
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Butyl - Costs

Capital Investment

The capital cost for a Butyl plant is presented for each of

the two government-owned plants and then an average taken of the two.

The fiGures for 1946 substantially represent the original construction

cost and those for 1952 substantially represent the orieina1 construction

cost plus additions (including construction in progress at December 31,

1952), less retirements.

Plant No. 1

Plant Ho. 2

Total

l·:axi.mum Cost Cost
Annual (thousands) (thousands)

Capacity Jan. 1, 1946 Dec. 31, 1952

43,000 LT 025,330 ~24,690

47,000 LT 25,387 2B,491

90,000 LT :S50,171 $53,lBl

This makes the averdge capital cost per annual long ton capacity in the

U.S.A. ~590.

Standard Oil Development Co. advises that it has developed costs for

a ne\'i Butyl plant incorporating the numerous improvements in its technology.

The results are

Plant Capacity

46,000 LT

20,000 LT

Capital Recuirement for a New Plant

~540 per annual long ton

CBoo-900 per annual long ton
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In considering a Butyl plant for Saudi Arabia this report utilizes the

cost figure for a 46,000 LT plant supplied by the Standard Oil Development

Co. who also advises that it would require a "Paid Up Royalty" of ~200

per annual long ton of capacity. It is suggested that this may be

considered as a part of the capital requirements.

Saudi Arabian Feed Stocks for Synthetic ~bber Plants

In Europe

There is a final thought in connection with the broad concept of

locating and operatinB synthetic rubber plants as suggested by Aramco,

which would tie in with the proposed "Transportation of Liquefied Natural

Gas" bJ tankers, as described on page

It is proposed that such feed gas fractions as could economically

be obtained locally in Saudi Arabia, be liquefied and transported to a

suitable European location for conversion to synthetic rubber, where the

producing plants would be located near centers of consumption.

European capital investment costs and operating costs for synthetic

rubber would be lower than in Saudi Arabia.

It might be better to fractionate the liquefied petroleum gas to

obtain feed gas fractions after tanker deliver,y in Europe rather than

in Saudi Arabia.

All these are suggestions which would be considered by qualified

specialists handling the rubber program as a whole.
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POWER

It is not advisable to set up a definite power project or program

until after decisions have been made rogarding plants to be established

in Saudi Arabia. The capacity of the plants and the processes chesen

will detenDine the size and type of the power plant and the lecal power

distribution syet_.

The projects under consideration require not only finn power but also

proc..s steam. The latter is a stepping stone to relatively cheap energy

in the form of electric power. Steam may be generated at relatively high

prusures and t_peratures suitable for power generation in turbines or

ether prime mover, which extract a traction ot the total heat ot the

steam. The turbines exhaust the steam at lower pressures and t.mperatures

required tor the pNcesses in questiGn where practically all of the

raYLining heat of the steam is utilized. Normally the turbine would exhaust

to a condenaer where final discharge contains the greater percentage ot

the original heat ot the steam but at too low a heat level to enable

practical utilization of the BTU content.

It is advisable to dete~e as closely as possible the so-called

steam balance of all the , ... jects that may be constructed so that advantage

may be taken ot the power generation in connection with process steam supply.
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For that penion et power requirements that cannot be econemic&1lT

tied in with process steam, several types ot power plants may be considered 

internal c.t>ustion engines and steam turbines.

Because ot water shortage and cheap gas the internal combustion

engino has intoresting possibilities especially in lower range ot pwer

plant capaciti...

fewer Distributi.n

At the presont time there is no substantial market tor pewor tor non

industrial domestic uae in Saudi Arabia but tuture possibilities sh.uld be

c'l18idored along with industrial develo~t. The suggestion is made t.r

the _tablishllent of a pewer and distribution system in the IlaJpnam. area to

the usual limit, which is about 200 mil.., but onl7 to points where there

are lead centers ot sufticient density potential to justity. In tho

beginning, the distribution tram I)nllMm would be more or loss local and

tho magnitude would have to be detel!llin.d by surny.
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Pwer - Coet.

It has not been possible to estimate costs for Saudi Arabia. We

are infermed that actual experience in power generation by Aramco in

Saudi Arabia lead to power costs which are not less than 7 mills per KWH.

The following estimates are for a plant erected in the U.S.A. near the

Eastern seaboard.

Capital Investment

Capacity of plant - 40,000 KW

Electric generating plant including 29 Nordberg
type radial, spark tired, gas burning engines,
each developing 1,400 IDi - based on shell and
tube heat exchangers.

Investment per KW

Same, except based on radiatc,r cooling or
jacket water and lubricating oil

Investment per KW

Product Cost

Operating costs (based on gas at 3~ per ~tCF)

Full load operation

3/4 load operation

U.S.A.

$6,257,000

$154.11

$6,451,000

$158.89

U.S.A.

1.15 mills,lKrlH

1.40 mills/KWH

The operating costs are for U.S.A. operation and are exclwsive of amorti-

zation, depreciation, interest on investment, insurance, taxes and company

GVerhead. Transmission and distribution would be a separate item to be deter-

mined in accordance with the number, type and location of plants selected.

Gas Requirement

Full load operation 406,000 x 24

3/4 load operation 438,000 x 24

9,744,000 CFD

10,512,000 CFD
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PIPE UNE AND OTHER TRANSPORTATION OF NATURAL GAS

PIPE LINE

In 1951 tho Bechtol International C.rporatien published results .f

a comprehenaive surYey of a 2,500 mile pipo line cormecting the Middlo

East natural gas supply rrom Kirkuk in Iraq te Paris. Stage I would be

a single pipe lino with pumping planta and Stage II weuld be an addi

tional duplicate pipe line with increaaed pumping plant capacit;y. The

plan previded ror three branch lin.. .r 300 miles length to extend into

large pepulation and industrial centora of Europe.

The aaliont atatistics .r the surveY' follow.

Sugs_ted PiP! L1nos

Capacity and Cost

Stage I Stage II Combined

Capacity, CFD 500,000,000 500,000,000 1,000,000,000

Capital Requirement, • 425,000,000 .350,000,000 775,000,000

Size of Pip! in Each Stage

1,800 miles 34" - .36"

700 mil.. ~n - 26"

Total 2,500 milea for each atago
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Estimated Delivered Cest of' au

OperatiGn of' Stage I: Single pipe line delivering 500,000,000 eFD,

annual load f'acter at 90%, including interest experwe (average ~).

amertization ever 20 yeara (5%), maintenance, eperatien, adminia

tration, etc., and f'ield purchase price of' gas at 3. per 1000 CF,

yields f'or the main line

Delivered cost per 1000 CF

Operatien er Stage II: Cest of' trarwmiasion er gas per unit veuld b.

substantially the same.

Branch Line: 300 mile. of' 24" pipe line to deliver 150,000,000 CFD

Capital inve.tmen\

Tranami••ien cest per MeF

$35,000,000

At the end ef' the branch line, the total delivered coat of gu per MeF .r

per miillen BTU

Pre.ent Eunpean Censumption

32.

Eurepe U.S.A.

Pepulatien 330,000,000 150,000,000

Natural Gas Cenaumption, CF
(Per capita per day) 5 77

Manufactured Gas Used 1,700,000 n.a.

Solid Fuel

In 1948, the sctlid f'uel (coal) conaumptien of' Eurepe ameunted t.

361,600,000 tens and the queted sale. price. ef' coal per 1,000,000

BTU ranged trem a 1_ of' $.66 in Paris te a high of' $1.75 in Milan.

Italy.
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Fuel Oil

Imperta and preductien in Eurepe in 1948 amounted te 88,300,000

and 12,570,000 barrels respectively. Queted aales prices et

ruel oil per 1,000,000 BTU ranged 42.-44. ter Bunker tuel at

pert., and 55. (at Paris) to $1.20 (at Bucharest) ter industrial

beiler tuel.

Market.

500 mill1en cubic teet et gas capable .r delivery by Stage I et the

Kirkuk-Paris pipe line ceuld enly litt Eurepean consumption trem ti.,.e

cubic teet per peraen per day te six and a halt; Stage II with similar

velUlle would add anether teet and a halt. This compares with U.S.A.

uage et 77 cubic teet. Thus, the increued gas supplJr, tar trea being

a drug en the market, would result in cempetitive bidding between

hewseheld and industrial use".

Ge.,.emmenta ha.,.e .hewn intere.t in the survey and the pessibilitie.

ot .upplying choap tuel to Enrepe. Its implementatien is cenceived U

ene ter s.e internatienal agency te asaume. There are DI&DY pelitical

c.-plicationa such as the cre••ing et natieD&l beundarie. and prebl_

et tinancing and adadnistratien in each .overeign ceuntry.

The Bechtel repert ia reterred te as adjunct but net as a part et

this repert en the utilization ot .ate ga.es in Saudi Arabia.
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TRANSPORTATION OF LIQUEFIED NATURAL GAS BY TANKERS

Recent developDents in the construction of special :insulated barges

and tankers for the movement of liquefied natural gas may have important

application and implications to the general problem of the utilization of

the waste gas in Saudi Arabia (Oil and Gas Journal. March 22, 1954, p. 104

and National Petrole\Dll News. April 21, 1954, p. 15).

The general principle in this developnent is to liquefy the pre

sweetened natural gas and store it within the countr;r of origin and then

to transport it at atmospheric pressure in special tankers to the required

markets.

The deve10plleDt is .parked by W.L. Morrison and his associat.. near

Chicago who have been in the field of refrigeration for a good 8D1' years.

Their plan entails barging about 18 million cubic teet per day of liquefied

natural gas (principally methane) in the Chicago market.. They hope to

bring 1n additional revenue by selling (to the Chicago .at packing industry)

the refrigeration obtained in revaporinng the gas. Transportation barges

are under construction at the present time. For the Morrison project,

liquefaction is to be accomplished on a special barge carrying the

necessary compression and condensing equipDent.

The insulation in the tankers is one foot thick consisting of lami Dated

la7era of balsa wood on the inside of the steel tanks. 'Ibis .hould

eHmiMte the former difficulty of embrittlement of the containing tanka

by the low temperatures (-25SO F) of the liquefied gas. Proponents of

this developllent represent that the capital investment required lIIOuld
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be less than halt .f that f.r pipe line transmissi.n of equal quantity

of gas for distances of 1,000 - 3,000 mil.s. They also represent that the

operating costs of the delivered gas would be less than 50% of the cost

of manufactured gas on the basi. .f .G.uivalent BTU content. There are

added advantages of reduced political hazards and the flexibility of

delivering gas te centers of small consumption.

It is suggested that the application of a developnent .f this type

to Saudi Arabia would entail long-term agreements between Saudi Al'&bia and

the consumer country. For exampl., if Saudi Arabia were to ship gas te

Great Britain, agreement. should be made •• that either the govemment or

private companie:s in Great Britain would be the builden of the \ankere,

transperters and purchaeen of the gas. With this appreach, the Saudi

Arabian activity would include capit.al investment for

1. Pipe line collection system .f the natural gas frem it.. varieus

fields - appr$ximately 100 miles long.

2. Gas sweetening plant.

3. Liquefying plant with .torage unO f.r the liquefied guo

4. Leading facilities, including pien and auxiliari•••
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Costs

The following data are submitted as rough estimate of capital re-

quirements and operating costs. They are supplied by Mr. Carl Flesher,

an engineer with the International Bank for Reconstruction and Deve10pnent

(World Bank). The capital costs are developed on the basis of handling

500 million cubic feet per day of purified, sweetened gas of which approxi-

mately 100 million cubic feet would be used as fuel in the liquefying

plant and in the transportation of the tankers. This would leave actual

delivery to consuming markets of approximately 400 million cubic feet per

day of gas.

Capital Investment

20 tankers - 15,000 ST each @ $9,000,000

Liquefying plant to handle 500,000,000
CFD (purified, sweetened gas)

Collection - pipe lines 24" - 300 miles

Loading and unloading facilities (both ends)
piers, storage tanks and auxiliaries

Contingency

Total

'180,000,000

95,000,000

35,000,000

20,000,000

20,000,000

'350,000,000

The capital requirement of ~l80,000,OOO for the construction of the

twenty tankers is based upon European shipbuilding costs which are con-

siderably lower than U.S.A. construction costs.
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Considering Saudi Arabian participation to be 250,000,000 CFD, its

capital investment requirement is est:iJna.ted at

Liquefying plant

Pipe line collection system, 100 miles

Port facilities, storage tanks, auxiliary

Contingency

Total

$50,000,000

15,000,000

12,500,000

12,500,000

190,000,000

It is noted that the capital costs for a gas sweetening plant have not

been included since Mr. Flesher believes that income from the sale of

recovered sulfur would make this part of the operation self-sustaining.

Annual Charges a.nd Costs (on overall investment of 1350,000,000)

Averase interest expense
2.73% (4.75% on original princi~~l)

Depreciation over 15 years

Insurance - 1% of capital investment

YJB.intenance

Salaries and labor (European labor crews)
Administration (exclusive pipe line operation)

Suez Canal fees

Total

Cost per 1000 cubic feet

Cost of transportation of gas delivered to
market (124 billion cubic feet)

Net charges of purchased gas*

Pipe line operating cost

Total delivered to London

$ 4,768,000

23,333,000

3,500,000

3,000,000

3,500,000

1,800,000

$39,901,000

$0.32 HCF

.04 MCF

.07 1-1CF

$0.43 MCl

* Based on charge of 3. per 1000cubic feet for raw gas and eliminating
without credit the use of gas for 1iquefication plant and for fuel in
tanke r movement.
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Note: The indicated cost ot 43. per 1000 cubic feet is stated to be less

than 50% of the cost of manufactured gas in London. No comparison is nade

between this detailed cost with th e corresponding cost of equivalent

heating value of other fuels such as coal or fuel oil.

The installation discussed above 18 so large that little change

could be expected in unit costs as the size of the installation is changed.

Thus, any additional capacity over 20 million cubic feet per d&.y could be

in the fonn of duplicate units at essentially the same cost per unit.

This means that the large capacity of 500 million cubic feet per day men

tioned above could be built up gradually rather than in one jump, since the

large size is not necessary in order to achieve reasonable unit costs..

The proponents of this plan are confident that all of the available

gas in the Middle East region can be consumed at EuroPean markets by this

type of movement. The potential consumption in FAlrope is supported by

the statistics presented in the Bechtel stu~. This would be the simplest

and most direct solution of the Saudi Arabian problem of gas utilization as

compared to the more complicated details of a petro-chemical industry.

For a recommendation on this project it will be necessary to stu~ the

developnent in greater detail and it is suggested that this could be made a

part of a subsequent stu~. It is suggested that the results of the Chicago

undertaking be awaited before any finn conclusions are made regarding the

process.
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MISCELLANEOUS

There are a number of projects which were considered by the Staff

and discussed by the Panel which were not found of further interest to

the Panel atter the preliminary investigation. Some of these proposals

may be found profitable in the future due to changing conditiorw.

'!berefON, the Staff is including in this section, descriptions of such

projects a. a matter of record and so that. they will be available for

reference in t.he future should the occasion arise.

Aluminum

Aluminum is produced by an electrolytic process from a fused "bath"

of alumina dissolYed in cryolite C3 NaF. All), aluminum nuoride (AlF),

a .mall amount ·fluorspar (CaF
2
), and several other minor items. Because

of the scarcity of natural cryolite, this has now been mostly replaced

with 81Dthetic cryolite. '!be electrodes are carbon type and the pot

holding the "bath" is lined with refractories and carbon.

Alumina is anuf'actured generally by the BaYer process - b7 digesting

a relatively high grade bauxite in a caustic .oda solution; the dissolved

allDlliDa is filtered off from the relatinly insoluble iron oxides,

silica, et.c. The clear filtrate cont.aiDing sodium aluminate i.
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agitated with precipitated alumina from a previous batch where about 7Cf1,

of the alumina precipitates in the tom ot hydrate. The alumina hydrate

is filtered, washed, dried and calcined and is ready for use. The filtrate

is recycled.

The starting point tor the manufacture ot cryolite and aluminum

fluoride is hydronuoric acid and this is produced by reaction ot sulfuric

acid with fluorspar. The generated hydrofluoric acid is then reacted with

sodium aluminate to produce .ynthetic cryolite, and with alumina tofonn

aluminum fluoride. The preparation ot the bath materials involves large

capital investments and is only considered practical on a large scale and

is not economical.ly adaptable to a small operation which could be con

sidered tor saudi Arabia. It is suggested tor the relatively small

aluminum production which could be set up in saudi Arabia that the cell

bath materials be purchased in the Mediterranean area, in such countries

as Greece and It~.

Bauxite deposit. in Greece are being developed with the support

ot the Foreign Operations Administration and it might be possible to

purchase the required alumina in Greece. The fiuoride salts could be

purchased in Italy. Numerous other raw materials would have to be

purchased outside ot Saudi Arabia, i.e. graphite electrodes, petroleum

coke, smal..l amounts ot caustic soda, soda ash, tluoNpar, etc.
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Aluminum - Costs

Plant investment costs are approximately 11,000 per annual ton

capacity ot alum1.mma in the U.S.A., including power plant, but excluding

plante tor JI8I1utacture of alumina, aluminUll fiuoride and s;ynthetic

cl7Q11te and aleo exclusive of housing, health and other tringe tacilltiee.

A plant with a capacity of 15,000 NT per year is estimated to cost

115,000,000 in the U.S.A. or $30,000,000 in Saudi Arabia.

The production costs are estimated at l8~ per lb. in the U.S.A. and

20. per lb. in Saudi Arabia.

The present market price, U.S.A. is estimated at 20. per lb.

lote: There is presently a substantial production of aluminUII in the

general Mediterranean and Asian areas and also projects are under way in

Yugoslavia and em the Gold Coast ot Africa.

Caustic Soda and Chlorine

Caustic soda is produced by electrolyzing a salt solution which

produces a solution of caustic soda with evolution ot chlorine and

b;ydrogen. The hydrogen may be wasted or recovered and used but it is

not practical from air pollution or health reasons to waste chlorine to

the air. A tairly pure common salt (HaCl) is needed for make up ot the

electrol1te. Ordinarily the salt is dissolved to make a saturated brine

and tiltered. If necessary, certain impurities may be precipitated, such

as sulphates, and removed in the filtration step before going to the

proces8.
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For the purpose of this report we have selected Hooker cells a8 being

relatively simple as they will produce caustic of sufficient purity for

local and Middle East consump.tion without purification. If a high purity

caustic is required, as for synthetic fibres, then a Mercury cell usually

would be adopted in modem plAnts. However, the brine must be of rather

high purlty.

Direct current is used and may be supplied by using alternating

current and a rotary converter, mechanical rectifier, mercury arc rectifier

or motor generator set, depending on conditionB. We would not reconmend a

mercury arc rectifier for Saudi Arabia though a sealed tube rectifier

might be considered. It might be desirable to generate direct current with

a gas engine driven generator for higher efficiency and simplification.

The chlorine would be compressed and shipped in cylindens as a

liquid. Unless used "over the fence" the caustic solution would be

evaporated to a 50% to 7($ NaOB and shipPed in tanks or further boiled

down to a solid and shipped in steel d rums as a flake or solid. This i.

necessary because the caustic is very hygroscopic.

The raw materials would be salt and process water. The salt would

be obtained locally and local well water would bave to be purified before

using or if used direct, the brine would have to be purified and filtered.

The graphite electrodes used in the cells would be imported from Italy

or the U.S.A.

A small unit of 10/11 NT of caustic and chlorine respectively per day

was selected because of limited market outlets. While this size plant

would not be competitive in the U.S.A., units of this size are often uaed

in foreign countries.
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Caustic Soda and Chlorine 
Costs

capital Investment

Capacity of plant - 10/11 NT per day

U.S.A.

$1,000,000

Production Costs per NT

U.S.A.

Saudi Arabia

12,000,000

Saudi Arabia

Solid caustic

Liquid chlorine

Market Prices

u.S. A. March, 1954

Solid caustic

Liquid chlorine

$74.00

56.60

160 161.(1:)

90.50

Freight on caotic fran U.S.A. to Saudi Arabia is estimated at 134 NT c.l.!.
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A~CIE3, GOVERNlmNT AND PRIVATE, COMPANIES AND CORPORATIONS

WHO HAVE COOPERATm AND CONTRIBUTED INFORMATIaJ

U.S. Govemment Agencies

Foreign Operations Administration

Middle East and North African Division

Saudi Arabian Foreign Operations Office

Industrial Specialists Division

Depart.ment of Commerce

Bureau of Foreign Ccmnerce

CClIIII1ercial Intelligence Division

Office of International Trade

Business and Defense Services Administration

Census Bureau

National Bureau of Standarda

Marltime Administration

Depu'tment of the Interior

Geological Survey

Bureau of Reclamation

Bureau of Minea

Division of Saline Water Conversion

Oil and Gas Division
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Department of Agriculture

Foreign Agriculture Service

Agricultural Research Service - Beltsville, Maryland

Conservation Service

Reconstruction Finance Corporation

Rubber Producing Facilities Disposal CODIIIission

Otfice ot Synthetic Rubber

Tennessee Valley Authority, Wilson Dam, AlAbruaa

U.S. Congress, House ot Representatives

Interior and Insular Atfairs CODIIIittee

Otfice ot Defense Mobilization

General Services Administration

lbergency Procurement Services

United latione

Information Office, Washington, D.C.

Technical Assistance Board and Delegate Agencies, New York, New York

Middle Bast Division, New York, New York

Department ot Economics, New York, New York

Food and Agriculture Organization

Washington, D.C. Otfices and Headquarters, Rome, Italy
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Industry

American Arabian Oil C~, Washingt.on, D.C. and New York, New York

California Texas Company, New York, New York

Chemical Construction Corporation, New York, New York

Foster Wheeler Corporation, Washington» D.C. and New York, New York

The Fluor Corporation, Ltd., New York, New York

Nordberg Manufacturing Compe.ny, Washington, D.C. and Milwaukee, Wisconsin

Allis Chalmers Manufacturing Company, Washington, D.C. and
Milwaukee, Wisconsin

Godfrey L. Cabot, Inc., Boston, Massachusetts

Witco Chemical Company, Washington, D.C., New York, New York, and
Amarillo,Texas

The Dorr Company, Stamford, Connecticut

International Minerals and Chemical Corporation, Chicago, Illinois

Cleaver-Brooks Company, Milwaukee, Wisconsin

Westinghouse Electric International Company, Washington, D.C.

Food Machinery and Chemical Corporation
(Westvaco Chlor-A1k&li Division), Rew York, New York

Union Carbide International Corporation, Rew York, New York

Lighthouse Shipping Corporation, New York, New York

AluminUlll CompaD7 of America, Washington, D.C.

AluminUlll Company of Canada, New York, New York

Tennessee Gas Transmission Company, Houston, Taas

Bechtel International Corporation, Washington, D.C.

Bradley Container Corpol'8.tion, Boston, Massachusetts
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Allied Chemical and Dye Corporation
Nitrogen Division, New Yorkj New York

Inchemtex j Inco (representing Chemique BeIge), New York, New York

General Tire and Rubber Companyj Akron, Ohio

Standard Oil Developnent Companyj New Yorkj New York

Daiichi Bussan Kaisha, Ltd. j New Yorkj New York

Shea Chemical COrPOrationj Baltimore j Maryland

Virginia Carolina Chemical Companyj Richmondj Virginia

Atlantic Coast Line Rail Road
Freight Traffic Departmentjl Washington, DoC.

McBride and McBride, Washington, DoC.

McGraw Hill Publications, Washington, DoC.

The Oil and Gas Joumal, Washington, DoC.

National Petroleua News, Washington, D.C.

Associations

Portland Cement Association, Waehington, DoC.

National Fertilizer Association, Washington, DoC.

American Coke and Coal Chemicals Institute, Washington, DoCo

UoSo Chamber of Commerce, Washington, DoC ..

Carbon Black Export, Inc 0 , New York, New York

Foreisn Sources of Information

Secretariate of the International Rubber studT Group, London, England

International Minerals and Chemicals, Ltdo, London, Eng.la.nd

Comtoir des Phosphates J De LQ Afrique du Nord, Paris, France
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