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)'1 topic, .,.The Chl!mieal Engineer and His Pl.ace in the Long Range Goals . 
ot Industry", raises many questions. What are irnustry's goals? Which induetriee? 
When? What implications do these goals have tor the Chemical Engineer? For hie 
education? These are the questions I should like to discuss with you today. 

• • • 

I believe it is most pertinent to these questions to focus specifica]q 
on the period when the students or the sixties will be assuming their highest 
levels or responsibilities. This will be some 20-25 years from now. 

. 

In order to obtain some answers to the questions posed, I believe we 
would do well to heed the advice of Abrahain Lincoln, who said: 

•It we could know first where we are·, and whither we 
are tending, we could then judge what to do and how 
to do it." 

With this advice as a guide, let us look at some data. Many or the figures that I 
shall present are necessarily estimates. They have been derived from many sourcee, 
including studies by Departments or Commerce and Labor plus factors that we haw 
developed over the years. 

Let us consider first the growth in Gross l~ational Product (Exhibit 1). 
The line for the G.N.P. is in terms or fixed (1954) dollars; it reflects the 
in actual goods and services. Since the war, the increase per year has varied traa 
2.S~ tor the past 5 years to J.2~ for the past 15 years. There is much attent:1.m 
these days to goals for America that visualize increases in the O.N.P. Optill'Jati­
oally, and I hope realist·ically, I shall assume an annual increase tor th~ O.R.P. 
between now and 1985 at least equal to that actually achieved on the average ·•inee 
the end ot the war - 3.~. In order to put the G.N.P. in perspective, the popa]ara 
tion growth is shown at the bottom of the chart. 

Exhibit 2 shows the industries employing Ch.E. 1s and the approximate 
number and percent or Ch.E.'s in each of these industries. The classification• 
used here are those used in studies by the ·Nntional Science Foundation, Department• 
or Labor and Commerce, and others. Chcrnioal Companies are those producing prcxluQ'te 
generally rec.ognized as chemicals or pharmaceuticals. They employ approximately 
one-hal.t or the Chemical Engineers. 

' 

Chemical Process Companies, as used here, are those producing product•. 
not generally recognized as either chemicals·, pharmaceuticals, or petroleum, bllt 
whose technology is based primarily on chemistry - foods, paper, textile manutaa- . 
turers, detergents, cement, glass, etc. They employ approxima tel1 one-eighth ·· ot 
the Chemical Engineers. 

Petroleum Companies include exploration as wefl as refining, and p-otluo\a 
ot coal. as well as petroleum. These companies employ about one-tourth ot the . 
Chemical .Engi_neers. 

. 

Others - metal, 
the Chemical Engineers • 

• 

. I 

electrical, aircraft, etc. - employ about one-eighth of ' 
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. . Exhibit :, . shows \he growth- ot these induetries · which I shall aall 
Chad.cal Engineering Industries. The figures shown here were · oaloulated troa ~ 
average sales growths or 8 chemical companies as a group, ot 8 chemical i:rooeeij· . ., .. 
companies as -a group, and or 8 petroleum companies as a group. F.aoh group ave~·­
wae then weighted in proportion to the percent ot Ch.E. 'a it employs; namel.7, t.bi!-

"'"Sa,C, 12.s~. and 25~ shown in Exhibit 2. 1.11 figures were then converted to fi-4 .. 
(1954) dollars. During the pa~t 10 years the annual fixed dollar growth baa a"ry811: 
:,.~ per year. This is m greater than the 2.~ growth of the O.N.P. in the -\: .. 
period shown on the preceding slide. 

What are the goals tor these "Cl.E. Industries" tor the next 20-2S yearet 
These, of course, will be influenced by the goal t or the G.N.P. The record ot the 
past decade, current activities, and the aggressive managements or the "Ch.E. Indue­
tries" make me reel that when one talks goals, he must assume a goal for these 
industries higher than the goal tor the G.N.P. A reasonable 1985 goal would ae• 
to be one at ·least comparable to the record or the i:ast ten years, namely an annual 
growth in sales 25~ greater· than the assumed J.z' annual growth in O.N.P., or 4.~ 
tor these industries on a fixed dollar basis. Exhibit 4 shows the results ot auoh 
growth along with the estimated population growth. By 1985, the population will 
be up 5of, from that or 1961. The G. tJ. P. on a fixed dollar basis will be up twice 
that. The goals for "Ch.E. Industries" are sales up about one-halt again aa much 
as the G.N.P. 

Exhibit 5 shows the number of Chemical Engineering college graduates in 
industry from 19JO through 1961. During the past ten years, the number or Ch.E.'a 
in industry has increased on the average 5.7/, per year • 

. 

Exhibit 6 gives a comparison of this grar,th rate with other growth ratea. 
Population will continue to grow 1.% per year. G.N.P. fixed dollars. 2.~ past 
10 years; J.2~ for 1961-85. Ch.E. Industries Sales, 25~ faster than O.N.P. in each 
period: J.6i past 10 years; 4.0% for 1961-85. Ch.E.'s in ihdustry: 5.~ past 10 
years; what will be the rate of increase 1961-85? The other figures on this chart 
have implications with respect to the answer to tl1is question.. (Exl'1ibit 7) Thia. 
shows the possible needs and possible supply of Cl1emical Engineers. 

The black lines are two estimates or the number of Ch.E.'s needed it · 
"Ch.E. Industries" are to achieve their 1985 goals • . Eacin·· or these black lines 
recognizes that t}1ese industries have acl1ieved specific sales with a specific num­
ber or Ch .E. 's in 1961. The lower black line - labell_ed +4% - assumes also that 
it sales in fixed dollars are to increase 4% per year, a similar 4i increase will 
be required in the number of Ch.E. 1s The upper black line - labelled +6.)i ~on · 
the other hand, recogr1izes the fact s:.own on tlle })receding chart that it required 
a 5.7'1, annual increase in Ch.E. 1s in industry to increase the fixed dollar sales 
J.6% (1951-1961) and, therefore, assumes that it will take a 6.3~ annual increase 
in Ch.E. 's to increase sales 4-·.o·~ in 1961-85. ~!any companies have indicated they 
will need an increase of this magnitucte. Th~ overall estimate given by the 
Chemical Industry to Department of Labor for U.S.F. study of future needs shows 
that between 1959 and 1970 an average 5.6% increase of engineers would be needed 
per year. 

. 
Now let's look at the gray lines. These are estimates or the number ot 

Ch.E.'s th.at would be available to industry under three different corditiona. Each 
estimate includes allowances for attrition over the years based on approximations 
that s~em reasonable in view of what has happened generally from 1930 to 1961 and 
other related information. The lower gray line - marked 100% - assumes al.so tl\at 
~he same J?ercent· of 20-24 year males will obtain B.S. degrees in Ch.E. as in the ­
past 5 years: just under .05i. Under this condition, the "Ch.E. Industriea Salee• 
will be growing taster thao the number of Ch.E.'s employed by these industriea.- · 
Note the 4.~ black line is above the 10~ gray line. This is a good trick if it · 
ca~ be done; but it is contrary t9 the past .and indications given by "Ch.E. Indus. 
·tri!a" managements i~ personal conversation tha~ I have ha~ well ~sin their .· · 
estimates. tor N.S.F. studies that I have mentioned, ' . - -: 

, . 

' 
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· ,,. To achieve the-middle tr-"1 line .- marked."140,, - · ~ch 1n· e.rreot ctupl.l\l&IIINt 
·-.. ~d.uatey .eal~s increase in fixed ~ollars of 4'1, per year, would· require a ,._. · 
·¼nare~1e ·•llV 1970 in the 20-24 year male population graduating ai Ch.I. •1 and a ~ 
·t.inuation at that ·1evel to 1985. To get this kind or increase, industries, · ao-' · '. 
institutions...- and. A.I.Ch.I. ·must do more than they have done in the past to ·1.n ···• .. · · •i; 
·boys ·in Ch.E. I believe such an increase could be obtained; it will, hcwever,, _ 1,e · · · 
·110at Mtf.'icult. It means 6000 B.S. degrees i:er year in the early '?O's ve at:iou~ 
3000 -this year. 

To achieve the upper gray line - marked 250~ - which in effect duplicate• 
the 6.11, increase per year needed to maintain the same increase in Ch.E. •a relative·· 
to the increase in sales as occurred in 1-951-1961 would require a 15~ increase 111 
the 20-24 year males graduating as Ch.E.'e, or about 11,000 B.S. degrees per year 
in the early '70'a vs )000 this year. This would be nice, perhaps; but I belie.,.·· 
we ahould ·raoe the tact that this is not going to happen. 

Ch.E, 'a have brought many benefits to industry. Future benetita will be · 
lees tibviaus and will require a more complex technology ard better organized effort 
to achieve. Thie is the history or all industrial progress. For instance, our 
basic steel industry- which is older than "Ch.E. Industries", at one time used only. 
rich ores, largely surface mined with surface mined coal. Today, this industry- is 
compelled . to dig deeper tor i _ts ore and coal, and devise methods to process lower 
grade ores to finished products ot higher specifications. So it is and will be 
with "Ch.E. Industries". Overall, it seems safe to assume, therefore, that the 
work to be done will increase faster than industries' fixed dollars sales and that 
the supply of Ch.E. 's will not grow as fast as the work to be done. This is veey 
interesting: it is Parkinson's law in reverse. 

Cl1ernical Engineers perfonn various functions in industry as shown in 
Exhibit 8. The lines between Adm.-Mgt. and Supervisors-Technologists-Specialists 
are not sharp and vary company to company up and down from those shown in this 
exhi.bit. Also, there .are similar overlappings among 'R&D, Production-Operations­
Exploration, and Others. The lines in this exhibit are based on definitions and 
data in the National Science Foundation report on a 1959 Survey or Scientific and 
Technical Personnel in American Industry. 

The future will bring changes in the job details and some reapportioning 
among R&O, Production, and Others. Also, there will be a greatly increased work 
volume in the various functions. In Exhibit 9, the areas of the two chart8 are 
proportional to the sales in the two years. The area for 1985 is 2½ times the 
size or that for 1961. As indicated previously, the actual work volume to be 
handled may be even greater than this and with a much smaller increase in Ch.E. 1s. 

' -
Who are the Ch.E. 's that perform these functions in 1961 and who will . , 

the7 be in 1985? This .,is shown by Exhibit 10. 
' . 

Absorb this chart slowly, please, one piece at a time• Focus your a~te..-.· 
tion first on the· lower 4/ 5ths or the charts-; notice tl'(at in 1985 abollt ~~ of t,h• i 
area is light gray, meaning that these functions must be perfCJrmed bJ -~he grad.ua~~., : 
ot 1962-1985, The other 1~ will be performed by toose shown in black who are ~ -. : 
that will be left ot those that carried out these £unctions in 1961. In total, the. 
Chemical Engineers must be able to carry out the £unctions, regardless ot wlmthel". · 
the 41~44'/,-lS~ distribution remains as shown here or changes. Furth9r, th,111\111~--
be able to handle the job details not as they are today, but as they will be th•~• l 
And fin•lly they must be able to handle the increased volume or responeibi.~t,ie~ · 
per man. Effective utilization of new tools such as computers and better projeot 
and .personnel management techniques will be mandatory. 

,. 

How focus your attention on the top ot the chart represei,~1ng the*• 
groups in 1961· and 1985. The 1985 group 1a made up of aboµt 1~ that pertor~4 
function in 1961 (shown in black), and about 2oi that were in· i,ie·. Supervisor& ... 
Teohnologiat-Specialist group in 1961 ( shown in dark gray) • . There are no other~ -' 
ttoli 1961. About 70'1, ot the Adm.-)fgt. group (shown in light gPB¥) net o,wae .i-n-. • 

. -

• 

, 
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.,.aua:tes o~ the .next 10 years. lf these runot1o11s 1n· J.Ya, ar, carne"· ~u~-. ., .. 
· 1,1a·. in-.dequatel.J. "Ch.E, Industries" will not achieve their goals and the Ch,I .• ~~ _.* · ~~1 ... cal .Engineering prof'ession will have lost an opportunity for ata~ui,; .. · in 
: aoa et)'. . 

. . . . 

In total, this chart reflects what I believe are the .basic Jr~b:ieii. .-~• :·. 
lr.onting Ch~E. 's ·and Ch.E. F,ducation, namely quantity ·am quality of Ch.JC.•~--~- :· · 
The · problem or quantity is obvious. Can it be solved? So far there ~ be~.- .-,~ 
lethargy or,at best, talk, and even then much or it has been pretty much as :,ou 
and I are doing now - talking to each other instead of to high . school boys and . . .. 

• cq~cilors and college freshmen. In:lustry can otter· opportunity, lend encoµ.i--. . . ~.-­
and support; but this is a grass roots problem and needs a direc.t attack by. peo~- · 
close ·to the grass roots. It seems to me that the Ch.E. faculties are. close .to I i 

those roots; .but they need a tool in order to make better contact. I believe the, 
A.I.Ch.E. 1s proposed movie · might well be such a tool. It warrants support b7· . .,, . 
industry and vigorous use by racultie..s when available~ Perhaps with it and similar, ! 
positive action we can obtain some of the needed increase in Ch.E.•s. · 

The problem of quality is not so obvious. It is only when one weighs 
the implications or each color .and each line of this chart that ha ful·ly appre~ . :, 
ciates it. With this appreciation comes realization that although the problem ot 
quantity is a major one, that of quality is at least as great. Can the problem 
of quality be solved? I believe the answer is yes it the Ch8111ical. Engineeri,ng .. 
graduates, in ad.di tion to having achieved specific scores when tested in the sub-.. 
jects included in the Ch.E. curriculum, are truly educated men. 

What is an educated man? Many definitions have peen given, varying t~-1 

the cynical bt Martin Fischer - "The educated man is one who has had a set ot . 
prejudices driven down his throat." to .the exalted by Aristotle - nAn educated nan·· 
is to the uneducated as the living is to the dead." Somewhere in between these two~ 
and in a 111ore i,~actical vein, · I ofter £or your consideration the definition, "An . : 
educated man is one who is able to contribute his maximum potential, to society~ 1 .;;•J• 
Let me repeat - "An educated man is one who is able to contribute his maximum . · 
potential to society." Ir we accept this detini tion, then the educated. Ch.E. mu.iii" \ 
have four characteristics. · ·: : -~ : 

' . . . . .· 

\IJ (Exhibit 11) Knows technique or learning. Although some student,:· 
are educated on this subject when they enter college, most are not. For all. P'Ai• '_::-.1 

tical purposes, the undergraduate level is the last cha.nee for education in th1I . t 
· area. There is a pitfall - namely, that the student get the impression that · ··: · : 
mastert or methodology is all there is to being educated. I believe that almne~.1 .• '. 

~veryone ~ this group knows some or the bitter ~tennaths that we have exper~•f-4:: 
_lll our prunary and secondary school systems, particularly in the ma th · and scienoi.. :· .-;, 
areas, as a result or overemphasis or methodology. · · 

(2) Has acquired specific knowledge. The student must learn enough ...... 
tacts to enable him with some additional training to perform his illuuedi•te_ 8P9P.K~9-:.~i 
assi.~nts. He must, therefore, be taught facts. The trend toward teachingi-·• .. · · N ; 
lying concepts that has rollowed the Grinter report is an important str~de ta~· ·· ·/·. · / 
covering this area or education £or the Chemical Engineer. Here• again, · th,'"' ~-· ···.:· : 
a ·danger. The mere acquisition or £acts, as was the fashion among leam.~d ·• ·· .. l 
before the Renaissance, can be greatly overdone to the detriment oi' . true. e~~~~-~ l 

. . . 

The Chemical Engineering racul ties have a major responsibility in·· thtf ~ 
area, particularly where broad principles are involved. Industry, too, has a 
responsib~lity. It can and must teach the specific facts of its induatr,., ,.~-;~· 
must proVJ.de, also, the atmosphere and facilities that will encourage the ..... 
to keep hiMself knowledgeable in his field as new engineering and scientitio : 
oiples evolve. · 

(3) Can recognize pertinence of acquired knowledge. · In .tOl'M~ ~-·. · 
when,, less basic concepts were taught, -specif~c applications were seen .·.;.••· ·,i · -

lreq~ently we~e used to teach tb~ concepts themselves. . Now that the ··c : . 

• 

• 

, 

' . . . 
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more basio, thei r pertine~oe to epecitio problems ie seen less read1ly. It is . 
important, therefore , that a special effort be made by the faculties lest the 
st udent reel that the objective of Chemical Engineerini education is merely the 
acquisition of knowledge or the bro~ underlying concept.a. He should understand 
that in addition he must be able to recognize the pertinence of a concept in any 
situation. 

(4) Has the will to achieve . This r equires the toughness of mind. and 
spirit to compel the application of knowledge to any condition; and, - if this 
knowledge is inadequate to control the condition, to acquire whatever knowledge 
is needed . to bri ng the condition under controlo This d·esire for accomplishment 
comes from an inner souroe, inherent in the man himself, his heritage, and his 
early environment. It is a frame of mirxi, or a spiritual value, i£ you will. In 
youth it is intertwined with and almost- inseparable from faith, hope, and expecta­
tion. When limited failures and frustrations begin to repeat - and they do -
little is left of faith, hqpe and expectation unless there is this will to ~chieve. 
Its importance increases exponentially tdth time for many years . The faculties have 
a responsibility in tbis area. They must find a way to do. a better job of screening 
out before enrollment, or at least in the first year, those who do not have this 
will to achieve. They must also develoE and not bury-- this will to achieve in those 
that have it. 

• 

' 
Industry has an equal or perhaps greater responsibility because the 

individual is with ·industry longer. Industry must not stifle or destroy whatever 
will-to-achieve there is in the young graduate it employs, and, in addition, must 
nurture this will to achieve. This, I believe, is possible only when the man is 
encouraged to grow, This in turn means industry as well as educators must treat 
the man as an individual. a separate personality in full recognition of his innate ·-- · . 

personal characteristics. This is easier to say than do, for the pressures todq 
are mostly in the opP9site direction. Classification of Chemical Engineers b;Vv 
industry into groups such as Levels I, II, III, etc., !or instance, is verr attrac­
tive. It makes administrative problems simpler, for then the company can make major 
decisions by considering what to do with just a few classifications rather than what 
to do with a great number of individuals. Some of this is good and necessary; muoh · 
of it can be harmful, such as restricting .certain types or work to 'certajn classi.t1-
oations. 

Society does not move forward by ideas arrl actions detemined by groups. 
Rather, an individual provides the initial spark or spearheads the action or groups 
trom .~_~ere handful to large numbers. Putting individuals into categories tor pur­
poses· other than those essential £or administration, lessens the identity of .each 
individual, with a resultant loss in his drive, his toughness or· mind, and his 
creativity. Industry_must avoid this for with it comes a plodding ponderous inohin& 

· forward by the group in place of the big step, the finesse step that only the indi. 
vidual can provide. 

. The establishment of an environment and a modus operandi conducive to the 
preservation of the identity or the individual and the development or his will to 
achieve is industry's major responsibility. · 

In conclusion, I should like to leave you with the thought that ti. 
future ot the Profession of Chemical. Engineering, __ like tha.t of any Profession, 
~ll depend on just one factor - the quality or its individual members. ·Q11li~ 
is not a happenstance. It develops from the starrlards sought ard achieved by tbe 
educators and by · those utiliz~g tllB talents or the Profession. ~ personal. ·.op~ioq 
is that the Chemical Engineering faculties _and "Chemical Engineering Industries~' 
have done & good job but much remains to be done • Let each of us accept thia · (° 
challenge and not shrink from it • ; · · · 

, .;.:4· . . . . . 

• 
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