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2 "EVOLUTION IN AN INTEGRATED PROGRAM"

" SUMMARY : o | Lo 3

" The College of Petroleumand Minerals in-Dhahran, Saudi Arabia ,
operates a bifunctional, integrated Chemical Engineering program bésed
on U.S. standards(] ). The program andﬂthe institution have evolved from

a highly technical and specialized orienﬁation to one which can be char-
acterized as a broader based, management orientation. Presented herein
is the author's synthesis of the reasons for the evolution and the potential

impact of the evolution on training foriegn students in the U.S.A.

< The development o?_a quantitative managementioption within the trad-

-

’

ional ‘t:‘ca] engineering program is strongly recommended. A brief outline
of such™®s-option is presented.

INTRODUCTION: S . 3
The College of Petroleum and Minerals was'éstablished in 1964 as 3 ‘

semi—autoﬁomus government institution to produce enginéers in, support of the

petroleum and mipera]s industry. A detailed histdry'of the 3eve]o§men£ of

. the institqtion and relevant stafistics.h;ve been published elsewherel 152).

Basically i£ operated as a juni;r éo]]ege until 1968 with students trans-

ferring to U.S. uniygrsities ag the end of t@o years. In 1968, three Colleges

were established: Science, Engineering Science and Applied Engineering. A1l .,
. s ° : 4

students first entered a.one-year Orientation or Prepartory program éonsisting
‘of intensive instruction in English, Physics, Chemistry and Mathematics.

After the Orientatioﬁ ;ear the students elect to e;ter one of the fhreg Cq]]éges.
Initially tﬂe fngiheering Science program‘was fi(e (5) years or }60 semester

hours in length while the Applied Engineering program was four_yeafs or 162
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- engineering programs.
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semester hours in length i&;1uding a 12 semester houtr work-study or copp
year in local industry. The Science curriculum was four (4) years of 128 .
semester hours.in length. A1l of the Orientation and Co]]egs-co’urse's a;re
taught 1in Eng]ish,lﬁy Amgerican, British and French facu]ty.' Most of the

texts in the Science and Enginéering Scjgnce programs. are standal;d in U.S.
Fo?Howing the U.S. paf;tern, ‘the ear]yiprograms had few electives, coﬁ-
céntrated on the disciph’ﬁe areas and were c0mprehéns1've in both scope and
depth. As the programs developed, they were shorteped and electives Were :
inc]udge;:l. Many of the gengral‘studies electives were in Economics, Business
'aqu_other management related areas. Table 1 contains a brief summary of the

credit hour development of the Chemical Enga‘neering'Science program.

, TABLE 1
CHEMICAL ENGINEERING SCIENCE PROGRAM
SEMESTER TECHNICAL
CREDIT ELECTIVE . LENGTH
YEAR HOURS* HOURS (YRS) COMMENTS
0CT/68 174 NONE 4 PROPOSED
NOV/68 227 .. NONE PROPOSED
JAN/69 160 9 .4 ADOPTED :
NOV/69 160 9 S  PROPOSED,
: S . INCREASED
| CHEMISTRY
DEC/69 - 160 .13 ADOPTED
0CT/72 144 9 4 PROPOSED
JUNEY73 144 15 4 ADOPTED
SEPT/73 146 15 4 " ADOPTED,
, . ’ DECREASED
PHYSICS

JAN/75 144 12 ' 4. - PROPOSED -

—-—
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In 1964 the Co]]ege had 50. students wh11e 10 years 1ater the nro]l-

\

ment stands"at over 1500 There have been three graduat1ng c]as/s‘ 30
students in 1972, 65.in 1973 and 130 in 19740 1) /

‘an\3973/4 an M Sc. program was estab11shed‘y1th the first students
enrolled in the Petroleum Engineering program. In 1974/5 a Co]]ege of Indus—
trial Managemént was established. This new Cof]ege also offers e]ect1ves
“to Engineering and.Science“students. S IR y /"

The importance of'the College of Petroﬂéum and h%nera1s'in/§audi Arabia
stems from several factorst ' '
1. Arabia is one of the most\rapdi1y developing countrieé'in the
world, part1cu]ar1y in the petro]eum and petrochem1Cf1.areas

2. The Co]lege is the on]y 1nst1tut1on in Arab1a wh1qh offers -a

Chemieal Enaneer1ng program. L . . . o '.

3. Few §@ud1 students study Chemical Eng1neer1ng abroad at the

undergraduate level. )

N

Even though. Arabia 1n genera] and the Co]]ege in part1cu1ar are somewhat unique,
the observations presented herein shou]d be app11cab1e to other 1ess deve]oped

countr1es located in. the M1dd1e East (1 e. part1cu1ar1y those with major

ke -

petroleum resources).

SUPPLY AND DEMAND:

Where a Saudi chemical engineer will work and what he will do depend on
the supp]y and demand re]at1onsh1p for such resources. The demand for CH.E.s
spans the entire gamut‘of app11cat1ons from petro]eum and petrochemical ope;;‘
tions to detergent plants, steel mills, dairy.oroducts operat{ons; desalination

plants, mineral extraction projects, municipal waste projects and agricultural"

5 -
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projects. Included in the above is one of the worlds ]argest urea plants _
-y - (1500 tens/da/) Industry as it exists in Arabia toda*‘(and other Midd]e ' -

‘Eastern countries) has been described in a recent issue of. "ARAMCO WORLD .

““GAZINE“L-3——) Industrial deve]opment p]ans fOr”Arabia have been reported
< f~31n the first 5 year plan (]97i 75) and in the newest 5 year plan (1976 ]980 £~4 51 )

Excerpts from news re]eases of the new plan cai] for importation of 500,000.,

“more foriegn workers in addition to the two (2) million fogpiegn workers.

(5)'

already in Arabia ‘The indigenous population of Arabia- is-somewhere - -~ -

between four (4) and six (6) million
Specific data on the demand fo CHfE 's\is not readily available even in |

the pubiished five year plan (1971 ]975)( 4). There are a number of statistics,

- however, which are indicative of the magnitude of the demand The_statistics '

beJow were extracted from the five year plan (]97] 755( 4 ),‘ In the private

sector alone, for examp]e there were approx1mateiy 15,700 onEZ?s in the pe- _-;jl

roleum industry and an additional 13,700 in the mining and‘quarrying industry

during 1970. The additional manpower requirementvspecified in the plan ca]]ed

for 770 managers and administrators plus 290 professional wquers in the combined

petroleum; mining and quarrying industries alone. For all industries these

' requirements are for 3,935 additional managers and 2,445 additiopal profess10na]s
A1l 2,445 of the professional workers and 260 of the managers must have university
degrees. In one area of the public sector, PETROMIN (the Saudi Arabian Government
holding company for petroleum and mineral ventures), the requirements fq;,additional
manpéwer wereizg managers and 450 professional workers. Note that in 1970,

'PETROMIN had 106 employees classified as Directors and managers and 122 class-

ified as professional workers. In the entire public-sector 8,799 additional
. 7

6 .




' un1vers1ty graduates were” requ1red. -
The demand for profess1ona% workers in both the public and private sector

exceaded the supply by 4,600. For managers/and'adm1n1stratqrs, the demand ex- '
ceeded suﬁp]yeby 2,300. Past experienee'wdth b]annfng'e?forts:sﬁre1y Jead one //

to conclude’ that these estimates are certainly optimistic (i.e. the estimates

" -

abbve, in all probability, are low). _

_ The current status, which should be contained in the new fiYe year'hlan
(1976-80), is not yet readily available. Personal commuhicatjons, hdweve}, in-
dicate that the projected growth rate for'the next five years will exceed that o

of the last five'years by a factor of two'th five.. Thus the demand will continue ,.°

I3

/;’: P

ftq outstrip the supply albeit at a ﬁigher rate S ‘ . Ay
The supply of chemicad, eng1neers, as presented be]ow obv1ates ‘any need to<”
' 1dent1fy the exact numbér of chem1ca] engineers in the demand stat1st1cs above
Even the most conservative est1mate would reveal a dramat1c shortfa]] ) T s
The pr1marybsupp]y of chemical engineers w111 be from the Co]]ege of Pe‘ . e
troleum and Minerals (CPM) with U.S. 1nst1tut1ons as a.secondary supply. The .
relevant secondary school data and -the CPM data are summar1zed in Table 2. * The
data for CPM chem1ca{ engineers presenied in Table 3 is even more revea]1ng. In
]970, there were 1,740 Saudi students study1ng abroad (1,533 Bachelors, 137 . /'q
,Masters and 70 Doctoral). Dur1ng the p]an per1od (]970 75), 350 studehts were
scheduled to graduate in Engineer1ng, Archxtecture, etc.( 4 ) Thus the supply
'of Chemical Engineering graduates is certa{ﬁiy less than 35 per year and pro-

bably less than 20. Of these graduates, a high percentage continue to pursue

advanced degrees. The starting salaries for new graduates in government agencies

are determined primarily by “degree level, general area (i.e. M.S. in Engineering)

, ; H
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and position level. Little, if any, consideration is given to individual
potential or past_petformance. Industry pay scales are pegged to meet‘govern~'
ment pay scales in order to avoid unfair coTpet1t1on Thus the student is
encourag'a”if“““ o B ‘ j

a) pursue graduate degrees and

*b) app]y for higher level pos1t1on (i.e. management and

P

.
supervisory positions) i - o '

in order to maximize his income. Furthermore, a number of the Applied Eng{neering

t

graduates have entered Engineering Science graduate programs. Thus the aﬁﬁua]o

supp]y of B.S. graduates is even furtﬁer d1m1n1shed B :,

S1nce demand exceeds supply, f0r1egn engineers must be 1mported to make |

up the difference. What kind of f0r1egq eng1neers are 1mported is addressed in

the next section. -

A

MANAGERS ‘OR TECHNICAL PERSONNEL?:. .

3 [

'The policy regarding employment of foriegners to mqke.up the demand-supd]y ‘

deficit can vary between two extremes:
a) managerial and supervisory positions should be filled with

nationals whenever and wherever possible with foreigners

y

qbassigned to technical tasks, i ,

b) technical tasks should be assigned to nationals and managerial

P

or supervisory positions assigned to foriegners with more
[ . ! J
experience. A

Obviously there are any number of intermediate poﬂieies. The trend in.genera1

appears to be toward using nationdls in managerial positions. “Ihjs trend is

particularly evident at CPM and in the Arabian American 01l Combany (ARAMCO) .

9.




{

\

L

s

=

-8- S .
> -

-

The trend ha;‘become more. apparent at ARAMCO as the complete nationalization
of ARAMCO proceeas. Presented below are a number of valid reasons in support
of this policy. < , :
In a recent Artic}e on engineering education in the Phi]ippines( 6 ),
the authors puf forth the concept that there is a specific need for programs
that "adapt, innovate and diffuse technologies appropriate for local economic,
social and cL]tura] conditions.” The indigenous manager with adequate tech-
nical background is more 1ikely to succeed in the "appropriate”, local imple-
’ﬁggggﬁtinn_of techno]o?y. This is particulary evident when,dea]iqg with skilled
and ;emi-ski]1ed workers from Arabia,gnd neighboring countries aé well as
when dea]ing with'customs agents. The premise is-that‘technology and quan-
titative management techniques. are mo}e trﬁnspprtab]e than cultural differences.
A]] managemeﬁt osﬁectives must be tempered by ;aeQUate consideration of such
things as local customs, tradftion& and even holidays (e.g. iﬁ rabia in .
Pdrticuiar and the Moslem warld in general, employees fast duri g the day for
_an entire month éach'yéar éné many alsb pray five times a day, eyery day):
Foriegn managemént often over or under compensates for these and other similar
factors. Thus a rather pragmatic case can be developed for employing indigenous
managers with limited management experienpe and adequate technical qualifi-
cations. l |
* A secaond factor in support of this bo1icy relates directly to economics.
It‘is obviously less expensive to import Tine téchnica] personnef than manage-
.ment personnel.~ This is particularly true of "middle management” where £areers
may be interrupted to accept foriegn employment. Even though the S;;His'havé

+

enormous, if not unlimited, fiscal resources, they are very prudent in fiscal

->

'l

matters. . ' . -~ o 10

2
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The last,.and somewhat weaker, factor in support of this policy relates
direct]y to the magnitude of the demand - supply deficit. In the plan (1971~
~75), the deficit for managers and administrators is one half of the deficit

~

for professional workers (i.e. 27300 vs. 4,600). Thus there is a greater — -
\He~mqqegement«éategory by

;probability of diminishing the entire deficit in t
applying all available resources to the category with the smallest deficit.
The net compensation is often.lower for Saudis in the same bositions as .

foriegners. Thus a policy which minimizes the oécurrence of this inequity

o7

(and the resulting problems) is desirable.

L ".)Whether or not the reasons given above have any basis in fact, is some-
what irrelevant. Personal ebservation leads to the conclusion that the policy
has heen adopted and is being implemented with few exceptions. What impact does
this pe]icy have on present and:futqre chemita] engineering program;?

THE MANAGEMENT OPTION:

Program requ1rements must be suff1c1ent]y flexible to accommodate the . .

training of foriegn students for early ass1gnment to pos1t1ons in technical " ,
7

management. This flexibility must not be developed at the expense of the bas1c

3

technical foundations of the discipline.

As other spetia] needs have developed in Chemical Engineering, the reSponsé
{ has been to develop groupingsgo? technical electives. At the University of
To]edo for examp]e, a student has 18 quarter hours of techn1ca] eJect1Ves and 7
quarter hours of free e]ect1ves(,7‘). There are five (5) group1ngs of e]ect1ves
" which include Environmental Engineefing-Po]]ution Controi, Energy Conversion, etc.

Thus an Engineering Management option could be an obvious extension of this concept.

The option should focus on quahtitative techniques (e.g. acqognting, project. -

.1 i $ ‘ -
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management) and avojq qualitative material (personnel managemenfyg organizational
administration, etc.). .The qua]itatiVe material weﬁ]d be of minimal utility in
a different cultural enyironment. A sample option is_presented in Table 4. The
courses recommehded a}e based on similar courses—taught in Operations Ana]ysis
by the College of Business Administration at the Un1versxty of To]edo( / ) The
importance of proaect management and. quant1tat1ve analysis (e g. 11near program-wﬂ

ming) material cannot be gyer emphasized. Using an option or technical elective )
@Y ,

L

-

groyping to develop the necessary background in,quanti:i;jie/management techniques

does not dilute the basic Chemical Engineering curriculul™ "Instant experience"

-

cannot be "packaged" but the tools for accelerating the learning process on the

job can be acquired.

(
TABLE 4 |
ENGINEERING MANAGEMENT OPTION

GENERAL ACCOUNTING
* COST ACCOUNTING
CORPORATE FINANCE -

QUANTITATIVE METHODS
(1inear programming, etc.)

BASIC CONTRACTS .
SIMULATION METHODS (GPSS, etc.)

PROJECT MANAGEMENT €CPM, PERT, etc.) , . S
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