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RESEARCH AND DEVELOPMENT IN INDUSTRY

1 February 1957

MR. HENKEL: General Hollis, Members of the Faculty, and
Students: Undoubtedly, one of the largest contributing factors to the
improvement of our economy is that of research and development. This
was quite evident during World War II and has been ever since, for the
reason that our standard of living has been constantly improving.

Industry derives its dynamic strength and its ability to react
quickly as the result of a new technological know-how, and furthermore
it finds it necessary to spend more dollars for research and develop-
ment.

Fortunately, we have a speaker who has been connected with
research and development for the past 25 years, and who knows how
valugble research and development is to industry. This is his third
lecture. Mr. Reeves is Executive Vice President and Director of
Research and Development for the Esso Research and Engineering
Company.

Mr. Reeves, it is a great pleasure to welcome you to this platform
and to present you to this year's class.

MR. REEVES: Thank you very much, Mr. Henkel. General
Hollis and Gentlemen: I would like to start off by saying that the general
subject of research and development in industry is one in which I have
been involved ever since I got out of school over 25 years ago. It is
a subject that has always interested me intensely, and I am very happy
to be here today and to have an opportunity to talk to you a little bit
about industrial research as it is now carried out in the United States.

In the first place, I would like to say that industrial research as
we know it today is not something that is supported by industrial
concerns or carried out as a separate activity just in the hope that
something good will come of it but is a truly integral part of industrial
activity in this country. When I first started to do research back in
1930, industry in the United States was spending about $200 million
annually for its research and development. Since that time, this effort
has grown tremendously, to the point where today about $4 billion



represents the current annual bill for industrial research and develop-
ment work. This is a twentyfold expansion in just the last quarter-
century and I think it clearly indicates the growing acceptance of
research and development by American industry.

I am in the liquid energy business and I represent an industry, the
petroleum industry, which has steadily grown because of research and
is typical today of the interdependence of industrial growth and a
closely-coordinated research and development effort. You should also
know that the industry I represent is by no means exceptional on this
account. In fact, we are about average. There are quite a few indus-
tries in this country that put less emphasis on research and development
than my industry does, but there are also many who place even greater
stress on it than we do, particularly such industries as the chemical
industry, the electronics industry, etc. In talking to you today about
regearch and development within industry, I hope you will look on my
own as a typical industry and will understand that as I talk about it I
am also talking about a relationship between industry and research and
development that spreads all through industry in America.

As we examine the broad subject of research and development in
industry, it seems to me that there are four things we should consider
today. The first is the question of just what industrial research actually
is and how a typical business, the energy businéss, has grown through
it. Next I would like to cover something of how we go about organizing
and managing industrial research. Thirdly, I will cover the kinds of
things that can be accomplished through it, And finally, I will state
the meaning of all of this, at least so far as I see it, in terms of
national security.

Coming to the first question of industrial research and what it is,
I would like to start by saying that it is not the glamorous activity a lot
of people seem to think it is. Industrial research is a business activity
and is carried on by modern industrial corporations to improve their
competitive position. Industrial research is just as integral a part of
what an industrial concern does as sales, manufacturing, or purchasing.
Industrial research has to participate in the day-to-day decisions of the
company of which it is a part. As a member of the industrial team it has
very definite objectives and responsibilities.

One responsibility of a research group is to find out just what its

company needs in the way of reczearch results. It has to understand
the problems of the people who use the products of its particular
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industry; it has to find out what kinds of products would suit their
purposes best and what kinds of products they are likely to want in
the future. It must also study carefully the manufacturing opera-
tions themselves to discover where these need to be improved and
where work must be concentrated to match similar activities on the
part of competitors. Research has to go even further and study the
raw materials situation in view of the demands for new types of
products, the possibility of lower costs, alternate raw materials,
and the like. At the other end of the scale, there arenumerous
marketing problems that need to be looked at and possibly improved.
In other words, every phase of the company's business has to be
studied objectively and imaginatively to see where the raw materials
situation can be strengthened, manufacturing operations improved,
products tailored to fit the needs of the people who buy them, and
new products and markets developed to replace old ones and to help
the business in its growth.

After all of this has been done and the research organization has
a pretty good idea of just what is needed in the way of research results,
its next responsibility is to produce the results indicated. This part
of a research department's activity is what most people think of when
they think about industrial research. It is obviously a very important
part, because it does no good to know all about what is needed if
methods cannot be developed to meet the needs indicated.

The third objective and responsibility of industrial research is to
help other units of the company in putting research results to work. The
real test of industrial research lies in its usefulness, and again I would
like to emphasize that finding out that a company needs a particular
product and then developing that product in the laboratories is not going
to do the company much good unless all of this effort results in that
product's being made and sold so that the company can maintain its
business and make-a profit. I mention all of these things because we
in industrial research have learned that if we are to do effective work
we must spend a lot more effort than most people realize on the coor-
dination of research with other activities and doing all we possibly can
to help the rest of the company in putting the results of research to work.

I think it is clear from what I have said that the real key to success-
ful industrial research is the day-to-day participation of the research
group in the formulation of a company's major policy decisions. Tech-
nology in industry is not a thing apart but is more a point of view or a
way of doing business. In an effective industrial effort, you cannot
really separate technology from other phases of the business.
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When carried out in this way, industrial research can be an
extremely powerful tool for industry and for all of us. The energy
business is a striking example of what can be accomplished through
industrial research and of how even in a short period of time the
results of research can affect our whole way of living. The energy
business was really born in 1760 when James Watt invented the steam
engine. This, as you know, was also about the time the Government of
the United States was being formed. This was less than 200 years
ago and in comparison with all of the years that man has been on this
earth and struggling to improve his existence it is as though this
tremendous change, which was to completely alter his life, occurred
almost overnight.

During these 200 years of its development, the industrial revo-
lution started by the steam engine was to go through quite a long period
of incubation. For the first 90 years, the use of mechanical energy
went through a sort of demonstration period. Steam locomotives were
built during this time, some houses were heated with natural gas, and,
on a small scale, people were learning about the new type of servant
they had just invented--the mechanical servant.

The limited use of this type of energy in the United States at
that time is best illustrated by what seems to me the almost incredible
fact that in 1814 only 22 tons of anthracite coal were mined, and even
in 1820 the bituminous coal industry had progressed only to an annual
rate of 300 tong. That's about enough to heat this building. By 1850,
however, the industrial revolution was beginning to have a real impact.
By then, over 2 million tons of coal were being mined each year, and
in 1859 the oil industry, with its liquid and gaseous forms of energy,
began its development with the Drake-discovery well in Pennsylvania.
By this time, people had begun to realize the great potentials in using
mechanical energy instead of horses and men to perform work and
there was a really rapid development over the next 50 years. As rapid
as it was, however, it pales to insignificance when compared with
events of the last half century. It has been calculated that, of all the
mechanical energy developed in the world from fossil fuels such as
coal and o0il, almost 85 percent has been generated since 1900. In
other words, our use of energy almost during own own lifetime has
been gix times the amount of energy consumed by all of our ancestors.
Accustomed as we are to central heating, powerplants, automobiles,
electricity, and all other forms of mechanical energy, it is hard to
realize that the energy story is in reality the story of an amazing turn
of events that have taken place only within the last 50 or 60 years.

4



As we look back over what has been so far accomplished, we must
be continually amazed at the rapidity with which these changes have
taken place. The facts are, however, that, in the United States in
1850, only 6 percent of the energy used by man came from machines
operating on fossil fuels. The rest was supplied by man himself,
horses, and other animals. By 1900, 38 percent of the work being
done came from various fuels; and today coal, gas, and oil, with an
assist from wood and waterpower, supply 95 percent of the energy
that supports our civilization. Among other things, this has increased
man's productivity some sixfold over what it was in 1850. Whereas
in 1850 almost two-thirds of our working population were still required
for farming, today less than 12 percent of the workers in the United
States are needed to feed the entire Nation and we still have surpluses.
If we add it all up, there has been developed in the United States almost
during the last 50 to 60 years an economy based on the energy supplied
by coal, gas, and oil operating through all sorts of machines that day-in
and day-out let each one of us do as much work as 200 men could do
before man learned to harness these mechanical horses. Each one of
us today in reality has 200 mechanical men at his beck and call 24
hours a day and enjoys a standard of living in many ways superior to
that of even the princes of the past.

I hope that as you listen to my remarks on the energy story you
will understand that I am not claiming everything that has happened over
the last 50 years for the energy business nor for its research and
development activities, I am sure it is perfectly obvious to you that
the people concerned with the development of our energy resources
did not also design the steamships, automobiles, and airplanes, nor
did they invent all of the appliances and products pouring from our
factories throughout the Nation. All of these things I have mentioned,
however, do depend on the availability of energy--energy produced
from fossil fuels such as coal, gas, and oil. So I think we can say
that the energy business, although only a part of the overall effort, is
the keystone, and that without the availability of mechanical energy
very few of the things that we regard as a normal part of our daily life
would exist and be the commonplace characteristics of life in the
United States that they are today.

The most vigorous phase of our energy business has been the
development of what we call liquid energy. These are the petroleum
products--gasoline for automobiles and airplanes; diesel fuels for
railroads, ships, and trucks; and heavy fuels for the power industry
that furnishes light and electrical energy. The liquid energy business
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has from the beginning relied on research, and its growth is charac-
teristic of a coordinated blending of an aggressive research program
and business initiative. This is an important example of research
and development within industry; and I think you will be interested in
knowing something about what is involved in carrying out research on
liquid energy and in hearing of some of the things that are being
accomplished.

The liquid energy business is about as complex a business as you
can get into. It involves an unceasing search for crude oil wherever
it may be hidden--thousands of feet or even miles under the ground all
over the world. Once it is found, we must then solve the problem of
getting it out of the ground, transporting it to the refining centers,
converting crude oil into the kinds of liquid energy we want, and then
distributing these products to those who are going to use them. Further-
more, as the machines that use energy are constantly developed and
improved, the liquid energy business has had to develop new products
of its own so that each new machine can get the most possible benefit
out of the liquid energy poured into it. These machines must also be
lubricated to cut down on friction and wear. So another problem of
our business has been to provide all of the special lubricants, greases,
etc., that are needed to do this job. Finally, this same industry has
recently found that the raw materials that are so useful in providing
energy can be put to other uses, and we are rapidly developing a new
phase of our business in which petroleum products come out of our
refineries as all sorts of chemicals--plastics, synthetic rubber,
solvents, and other specialty products. This, briefly, is the field in
which we do research and development.

The organization of a regsearch and development group to meet the
various objectives I have outlined and to deal with all of the problems
encountered in an industry such as ours is not a simple one when it
is also realized that research and develgpment work itself is a complex
activity. It is an activity in which it is necessary to carry out funda-
mental research on the physical and chemical characteristics of the
materials with which we deal, applied research on the application of
these principles to the development of products, and pilot plant and
engineering work required to translate all of this information into
practical operations. I think you can see that the proper organization
and coordination of this effort is a critical factor in its success.
Research and development in my own company is carried out by a
separate corporate organization which does the work for the Standard
Oil Company (New Jersey) operating affiliates all over the world.
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In order to illustrate some of the things that are involved here,
I would like to show you our organization chart (chart 1, page 8). I
do not intend to go into this in any detail but just want you to see that
a research organization today is made up of a great many different
kinds of activities and a great many different kinds of people. This
chart represents an organization of over 3,500 men and women. The
research and development work itself is carried out by laboratories
located in Linden, New Jersey; Baton Rouge, Louisiana; Baytown,
Texas; Sarnia, Canada; Port Jerome, France; and London, England,
Additionally, my company is affiliated with laboratories that conduct
research on new methods of finding and producing crude oil at Tulsa,
Oklahoma and Houston, Texas--to round out the picture. I would
also like to call your attention to the fact that, in addition to labora-
tories, there are a great many other activities that have to be carried
out. Patent, legal, and technical and public information work, for
example, is extremely important to us since it is necessary to protect
our operations from suit by others and to collect royalties which help
to support our own research, I would also like to call your attention
to the fact that a large research organization has to maintain its own
library, its own business offices, a medical department, a personnel
department, a public relations department, and has in general to carry
out all of the business activities that are part and parcel of any cor-
porate activity.

In addition to an organization, you alsc have to have facilities to
carry out effective research and development, and I would like to show
you a few charts illustrating some of these., The next chart (chart 2,
page 9) shows our Research Center at Linden, New Jersey. Thislabora-
tory houses some 1, 000 people and is fully equipped with all of the mod-
ern facilities that are requiredto assist our technical people incarrying
out their work, These charts I am going to show youillustrate some of
the things that go into a modern laboratory. I know that when I was in
school such things asbeakers andflasks werefound inlaboratories., But
today you can hardly find a test tube, and they are not even equipping some
modern laboratories with gas. The old Bunsenburner is gone. As Isaid,
this series of charts will illustrate some of the things that are there.

Chart 3, page 10, --This chart shows you an advanced model elec~
tron microscope, which is useful in guiding our work in developing new
types of greases.
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The next illustration (page 12) is a picture of an advanced model
mass spectrometer, an electronic instrument specially designed for
continuous analysis of gas streams from pilot plants. It provides
accurate information on operating variables and gives precise data
on the quality of products under study. There are now quite a few of
these instruments used in a variety of ways in research to study the
fundamental properties of petroleum compounds.

Another example of the kinds of equipment required in modern
research is shown in this photo (page 13). This is an X-ray diffraction
device, used to study the physical make-up of the countless forms of
catalysts presently required in refining and to analyze new catalysts
which are under study for use in the future.

I have here two pictorial illustrations of the application of radio-
active materials in today's petroleum research. Chart 6 (page 14),
shows a team of scientists using radioisotopes to measure wear in
auto engine parts and thus help in our work toward the development of
new and improved lubricating oils. Here is a scene in our radiation
laboratory (page 15) which houses a powerful radioactive cobalt-60
source. In this laboratory, we have been running experiments, day
and night, from which we are learning the effects of gamma radiation
on oil materials. One phase of these tests involves the use of a small
pilot plant set up inside the ''cave' in which the actual experiments are
conducted. The purpose is to determine the possible applications for
gamma radiation in refining. This is a sort of fourth force now, in
addition to the usual forces of heat, pressure, and catalytic action.

Page 16 is a photo depicting development work in the field of new
types of plastics derived from petroleum products. In this case, a new
granule material is fed into one end of the machine on the right and it
emerges from this screw extruder in the form of a plastic material
which holds promises for a wide range of applications such as in packaging.

In addition to this, evaluation of the products we develop is extremely
important since these have to perform satisfactorily if our affiliates are
to retain their business. Onr products are evaluated in all sorts of con-
sumers' equipment in the field, but before this they are given exhaustive
laboratory tests. The next photo (page 17) shows one of the test engines
in our motor laboratory. This engine is fully instrumented, as you can
see, so that we know exactly what it is doing and how the product is per-
forming. All that the man in the background has to do is write down on
paper what the instruments say; and he doesn't always have to do that.
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In very much the same way, new processes have to be very care-
fully worked out and engineered before we can recommend that our
affiliates spend many millions of dollars on a new plant. This is done
in what we call pilot plants, and the next photo (page 20) shows a typical
large-scale pilot plant at our Baton Rouge laboratories. To give you
some idea of scale, I might mention that this pilot plant is 11 stories
high and must be equipped with an elevator so that operators and mate-
rials can get up and down quickly. It is in pilot plants such as these that
we give the final tests to processes like fluid catalytic cracking that are
so important in the manufacture of aviation gasoline, synthetic rubber,
raw materials, and the like.

In addition to an organization plan and facilities, you also have to
have people to do research. This is obviously the most difficult part
of the problem, because modern industrial research is so complex and
must concern itself with so many different problems that individuals
acting by themselves cannot do it at all. If industrial research is to be
effective, it must be carried out by teams of people in which various
individuals bring specialized knowledge and skill in a great many fields
together for a coordinated attack on all phases of the problem confronting
them. I would like to illustrate this by showing you another chart (chart
11, page 21), which is a simplified chart of our organization, and by
describing what was .involved in the development of the fluid catalytic
cracking process. This process was developed by the almost simulta-
neous efforts of people in six major divisions and, in general, during
its development, a force of about 200 people were working on different
phases of it at all times. The products research division, which you
can see there, had the responsibility for determining the types of prod-
ucts that we needed and for evaluating the experimental products devel-
oped during the course of the work. The fundamental research and basic
development of the process was carried out in the process research
division, while the Baton Rouge laboratories developed the engineering
information in the large~-scale pilot plants. The laboratory and pilot-
- plant work was closely followed by the petroleum development division,
in an effort to steer the research along lines that would produce an eco-
nomic process and at the same time give the engineering information
required for large~scale plant designs. All of this information was
then fed into the engineering division, which had the responsibility of
designing catalytic cracking units and working with the refineries on
their construction and initial operation. At the same time, the patent,
legal, and information department was closely following the work to be
sure that the process was adequately covered by patents and that we

18
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would be free to operate it without infringement of patents held by others.
The people involved in this unified effort were organic, inorganic, and
physical chemists, physicists; chemical, mechanical, and electrical
engineers; lawyers; laboratory analysis; pilot-plant and engine operators;
and specialized mechanics of all sorts. Not one of these individuals
would have been able to do this job himself even were he to live for
several hundred years. And I would like to emphasize again that in
carrying out industrial research it is essential that we have the coordi-
nated efforts of a carefully balanced team having the facilities and back-
ground to cope with all phases of these complex problems.

Another phase of modern industrial research that is important and
that I think you should know about is concerned with its management.
The management of industrial research has not only the responsibility
of broadly meeting the objectives I have already mentioned--that is,
finding out what needs to be done, getting it done, and seeing that it is
used--but must also concern itself with the important internal problem
of trying to decide just how much research its particular company really
needs and how this effort should be distributed among particular problems.

The basic thing to consider here is that research is only successful
if it is useful, and it is definitely unsuccessful if processes and products
that the company needs are not developed on time. I think it is now
clearly recognized that various industries and companies within an indus-
try require a fairly definite research effort if they are to be most effec-
tive. This effort, however, varies widely and depends upon the type of
industry involved and the capacity of individual companies to utilize the
results of research. In a given company it is easy enough, for example,
to tell whether production is running ahead of sales or vice versa. Prod-
ucts either pile up in warehouses or the warehouses are empty and the
gsalesmen are calling for products. The same sort of balance has to be
achieved in carrying out research. It is the responsibility of research
management to sense when research is building up and is not being used
successfully or when a company really needs research and the results
are not there. Another type of balance that must be achieved is that
between long-range and short-range research. If a research organiza-
tion concentrates all of its efforts on problems facing its company today,
it will not have the answers that are going to be needed to solve the prob-
lems that arise tomorrow. If, on the other hand, a research organization
concentrates on solving future problems, the company may not survive to
take advantage of the long-range research results. So proper analysis of
all of these various problems and a willingness to take calculated risks
in deciding what should and should not be done are the real test of research
management.
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With this background on what an industrial research organization
is like, I would like to illustrate the close relationship between the
growth of an industry and its research and development by a few examples
of how this really works out. The oil industry, as almost any other
industry is dependent on adequate raw material reserves to keep going.
From time to time almost everybody in the country has been concerned
about the possible depletion of our oil reserves and the consequent failure
of our industry to supply the liquid energy that is now so important a part
of this country's strength in both peace and war. It has been pointed out
fairly recently, and quite often in the past, that we were on the verge of
using up all of our raw materials, and to prove this point figures have
been cited showing the ratio of our reserves to annual consumption. The
basis for this is illustrated by chart 12 (page 25), which plots the ratio
of our proved reserves to consumption in the United States over the last
28 years.

According to this chart, you can see that in 1927 we had less than
a 12-year supply of oil left. This same situation existed in 1936 and
again as recentily as 1948. Actually we have produced and sold many
times the amount of oil indicated to be left to us when some of these
earlier predictions were made; and there has been a great deal of con-
fusion among the general public as to just what was going on.

The difficulty is that the term "proved reserves'' has a very special
meaning in the oil industry and is not at all what most people think it is.
I might explain this by saying that all over the world there are many
areas that we feel sure contain large quantities of oil beneath the surface.
In portions of these areas we have actually drilled wells into the oil res-
ervoirs, and we know that they exist. In still more limited areas, we
have drilled enough holes to clearly define the extent and thickness of
the oil reservoir and to know fairly accurately just how much oil is in-
that particular reservoir. This is known as proving up a reserve. When
the oil industry talks about its proved reserves it is talking about only
those reservoirs that have actually been measured and from which we
are certain we can withdraw the calculated amounts of oil.

If you look at the chart, you will see that the ratio of these meas-
ured quantities of oil to production fluctuates around 12/1 in the United
States. In order to understand these fluctuations, it must be realized
that it costs a great deal of money to prove up a particular oil reservoir;
so that a proved reserve represents a considerable capital investment.
From the standpoint of the petroleum industry, this is very similar to
what in other industries are called working inventories of raw materials.
Any industry to operate efficiently must determine its most desirable raw
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material inventory. Obviously, if too low a raw material inventory is
maintained, there is considerable danger of temporarily running out of
raw materials due to shipping difficulties, strikes, and the like. On

the other hand, if too large an inventory is maintained, it ties up too
much of the company's money and keeps it from doing many other worth-
while things.

Industries vary a great deal in how large an inventory is considered
suitable. In some industries this might be as low as a 30-day supply;
but in the oil industry in the United States, we have normally operated
with about a 13-year raw material inventory. When this gets below that
level, there is increased activity in proving up reserves and in locating
new reservoirs. When the supply is much greater than this, the search
for oil slacks off and the ratio starts downward as proved reserves are
consumed. Now I want to show you another chart (chart 13, page 26)
which shows the same information in a little bit different fashion. You
can see here that the top of the chart shows the proved reserves, com-
pared with the annual production indicated on the bottomm. You can see
that, though we are taking more and more oil out of the ground each year,
our proved reserves are steadily increasing. One of the reasons we have
been able to do this has been because a great deal of research has been
carried out in this field. Methods of locating oil are available today that
represent a great improvement over the tools that were used by industry
in its early days. Oil wells are deeper today than they used to be, but
at the same time our techniques for drilling wells are improved and we
have learned a great deal more about how to get more and more of the
oil in a given reservoir up to the surface. And so, as the search for oil
goes on, it is each year more difficult to find; but‘also each year we have
better methods of finding it and in this way are pretty much able to keep
in balance. In other words, research and development within the indus-
try have compensated for the fact that we are using up our old reservoirs,
and have enabled the industry to find new ones just about as readily today
as in the past.

Another thing that the industry has done is to develop alternate sources
of raw material. We regard ourselves as suppliers of liquid energy and
would just as soon make the liquid energy from sea water if we could do
it at a reasonable cost. While sea water does not seem to be a very
promising source of the kind of energy we are selling, there are in this
country and throughout the world very large deposits of coal, oil shale,
and tar sands that can be used in place of crude 6il. The petroleum indus-
try has done a great deal of research and development on these alternate
sources of raw materials and has technically developed processes which
can make products from all of these that are fully equal in quality to those ‘
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produced from crude oil. These processes are not being used right now
because we have not been able to bring the costs down below those of our
present operations. In some instances, however, we are getting quite
close, and, if the industry had to swing over from crude o0il to some of
the other raw materials, we could start tomorrow; and the cost of
gasoline, while higher than at present, would not be exorbitant. The
point I am trying to make here is that we are as much concerned as
anyone else about our raw-material situation. We do not intend to go
out of business because of it and have taken steps that will permit us

to supply liquid energy from petroleum or other raw materials, for
many, many years to come.

Another important phase of the industry's research is concerned
with what might be termed the efficiency of its operations. The oil
industry has, from the start, been extremely cost-conscious and has
constantly carried out research and installed new equipment to reduce
the costs of its products. As a result of all of this, gasoline today,
ex taxes, is not much different in cost from what it was in 1925 or 1926
in spite of all of the inflation that has taken place since then. Further-
more, the quality of gasoline and other products is much better than it
was in those earlier days. This quality improvement is very impor-
tant, because through better quality gasoline more efficient engines
can be developed. The net result is that about 50 percent more useful
work is obtained from a gallon of gasoline today than was possible in
1925 or 1926, which incidentally, of course, is the same thing as in-
creasing our reserves, if we can convert it so it will work more
efficiently.

A classic example of how research on product improvement can
affect an industry is illustrated by the next chart (chart 14, page 27).
This shows the sources of energy in the United States since 1915. In
1915 you can see that four-fifths of the energy used was derived from
coal. Today barely one-fourth is derived from coal, which is gradually
giving way to petroleum and natural gas. It is interesting, to me at
least, to reflect that during this period the oil industry has been carry-
ing out an aggressive research program and has continually tried to
keep its costs down and to improve the quality of its products. This
has not been done by the coal industry, with the result that it has not
shared at all in the rapid development of our country as a consumer
of mechanical energy. Now, it may not be due to research, but cer-
tainly that's an important factor.
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A third interesting field of research has been concerned with
products, and there are countless examples of how this work has led
to new uses for our products and has helped the industry to grow. It
was not too long ago, for example, that automobiles were put up on
wooden blocks in the fall and left there until the spring. This was in
the northern part of the country. This was partly because the roads
were no good in the wintertime and partly because people did not
particularly want to go anywhere in the winter. But it was also because
the cars would not operate well in cold weather, With improved roads
and the increased desire of people to drive around as much in the winter-
time as in the summer, the oil and motor industries together have done
a great deal of work directed toward making it possible for automobiles
to operate just as well in the cold weather as in the warm weather. For
the oil industry, this has meant careful control of gasoline volatility
and the development of new types of lubricating oils and greases, with
the result that a really new season has been created in which gasoline
can be sold. So that's almost a new use for our product--winter gaso-
line. We have also cooperated with oil burner manufacturers in the
development of systems for household heating to the extent that today the
sale of heating oil for this purpose is a very important part of our
business. Steps are also well under way to use 0il in combination units
that heat in the winter and cool in the summer-~-merely by throwing a
switch. In the same way, we have worked with the manufacturers of
diesel engines to supply just the right fuels and lubricants so that diesels
can operate satisfactorily; and we now sell a great deal of liquid energy
to railroads which at one time operated entirely on coal.

In addition to what we call our normal petroleum business, the oil
industry is actively entering a new field known as petrochemicals. In
this field, organic chemicals, which can be derived from petroleum,
are rapidly being made available, principally as raw material inter-
mediates for the chemical industry. For example, the oil industry
today produces large quantities of synthetic ethyl alcohol. Although
technically this could be suitable for making alcoholic beverages, most
of the synthetic alcohols made by the petroleum industry are actually
used for various industrial purposes and are converted into solvents
and similar materials, We also manufacture large quantities of mate-
rials that go into the manufacture of plastics and supply some of the
raw materials for new synthetic fibers such as nylon, dacron, and orlon.
Synthetic rubber is another product of oil research. Practically all of
the automobile tires used in this country have now joined gasoline and
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oil in being derived mainly from petroleum. We now have hopes that
plastic automobile bodies will likewise use petroleum products; and the
day may come when the oil industry will not only supply the fuels and
lubricants for your cars but will also supply most of the raw materials
from which they are made,.

In what I have said so far I have tried to emphasize the intimate
relationship that exists today in industry between its operations and
its technology. The technology of an industry is not just research
people in laboratories; it is not an engineering staff in a separate
building; but it is technically trained people throughout the organiza-
tion and it is as much as other operations a part of the industrial effort.
Furthermore, the research and development strength of an industry is
not provided solely by the formal technical knowledge of those associated
with it. It is even more dependent on the knowledge and understanding
on the part of the technical people of the problems of their particular
company and their ability to work closely with one another as a team
to meet problems as they arise.

When we come to the question of technology and national security,
I am convinced that our greatest strength lies in the existence in this
capacity to meet new challenges as they arise. During peacetime, no
company or industry can insist that its competitors use techniques with
which it is accustomed to dealing, nor do I think that in war we can
depend on others to stand still or to fight according to rules that we
might set up for them. This was dramatically demonstrated, I think,
during the last war by the capacity of my own industry to produce
synthetic rubber to replace natural rubber supplies that were unexpect-
edly lost to use, and by its ability to create sources of aviation gasoline,
synthetic toluene, and all of the other petroleum products required by
our fighting forces. This has also been true of many other industries,
and I am certain that our future security will depend as much as any-
thing else on the continued development in this country of industrial
organizations which have the technological know-how and the capacity
to react quickly when our security is challenged.

I would like to close by summarizing what seems to me to be the
important points to remember as we think about research and develop-
ment in industry and their bearing on our national security. Within
recent years we have built up in this country an industrial capacity
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which derives its strength from continued research and development
and technological know-how. Whereas in the not too distant past
industry could survive by taking or leaving technical developments as
it saw fit, today this is no longer the case. The rapidity with which
industry has had to meet new challenges in both peace and war has
given rise to a new relationship in which research and development
extend throughout our entire industrial effort and are actually a part
of it. This combination of business initiative and aggressive research
and development has brought about tremendous changes in our standard
of living and capacity to produce even during the last 50 years. In this
same capacity to produce and meet challenges resides, in my estima-
tion, our future security.

Thank you very much.
COLONEL SEEDS: Mr. Reeves is ready for your questions.

QUESTION: Sir, I am curious about the corporate setup of your
research work, and particularly in regard to its relationship in terms
of financing its effort, and so on. Would you comment on that?

MR. REEVES: Yes. My company is called the Jersey Company.
The parent company is the Standard Oil Company (NJ). It does not do
any operating; it is just a holding company. It has affiliates which carry
on operations all over the world. The Esso Standard Oil Company is
one of them. Humble is another; Creole in Venezuela, another;
Imperial in Canada, another; Esso Petroleum in England; and so forth.

‘Since Jersey tries to operate on a decentralized basis, it felt
that it ought to set up its technical activities on a decentralized basis;
so it established a separate company, which is Esso Research and
Engineering Company, to do the research work and the engineering work
for the Jersey affiliates. Now, in doing it, though, it felt that it should
not have any control over the research, except as a stockholder. So
we operate as really an independent company, but we are restricted to
Jersey affiliates for clients. We have contracts with most of the Jersey
operating affiliates to carry out research and development work for
them in specific areas. Through those contracts they pay us for the
work we do, and this is usually on a net-cost basis, except for what we
call special technical services, which are on a total-cost basis. But
our relationship with the affiliates I guess is the same as the relationship
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of any independent company with its customers. If they want to, they
can try to get their research work done someplace else, which of
course is quite a spur to us, because we spend a lot of time trying to
convince them that the best place to get it is through us.

QUESTION: Mr. Reeves, I have been studying the priority prob-
lem in research quite a bit, and it comes up in the military perhaps a
little more than it does in industry because of the large military
program. I wonder whether you in your work find a need to use
priorities, or whether, say, the individual worker or team is given
projects on which there is no relative priority involved. What measure
do ybu use to establish priority?

MR. REEVES: We do have lots of priorities. We don't work on
projects; we work on programs for the most part. But the first thing
we try to do is to find out how much overall technical effort Jersey can
justify. That of course sets our total budget and our total force. That
is done by making a study of Jersey's own needs, of what we think
our competitors are up to, and of what we think is going to be needed to
meet competition from other industries. In other words, we do try
to analyze Jersey's overall need for technology and use that as a
measure of what our overall efforts should be.

Then, the next thing we have to do is to decide what distribution
of effort is justified in various fields, such as producing, which is
getting oil out of the ground; refining; developing new products; petro-
chemicals; and engineering. We then divide up our program on that
basis.

Then, within each area, such as the development of new processes,
we try to decide what processes would be of interest to Jersey and
useful to Jersey. Those are carefully analyzed in terms of their
applicability to operations, the scale in which they would be employed,
and the benefits that would be derived, say, per barrel, in using them.
We can calculate within categories, then, the relative desirability of
the projects. We try to work up our programs so that we start off with
the most desirable and work our way down the list. Since there are
always many more problems to resolve than we have people to solve the
problems, there is a continual reexamination of our overall effort and
our effort in individual fields; and new projects are continually pushing
the least desirable out the bottom.
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So that I would say that our program is continually on a priority
basis. Those priorities are not established and left there, They are
reexamined almost from day to day.

Does that answer your question?

STUDENT: Yes, sir. I want to ask also--is there a formal list
of these? Do you have to have numbers? Does the team know what
numbers there are? Or does the priority exist as a management tool?

MR, REEVES: It is more a management tool. We have what we
call coordinators in each field, and it is the responsibility of the
coordinator and his office to continually review the programs in that
field, because he is responsible for being sure that we do an effective
Job in his particular field. Then, there are discussions with the
various divisions that do the work. He is the one who talks to them,
and between them they establish the immediate priorities we use.

QUESTION: I gathered from your talk that our ability to produce
petroleum products from other resources, such as coal, was a matter
of economics. Could you comment further in that area by telling us,
first, whether it would be possible to put out a volume of oil products
comparable to that which we are putting out from the resources here
in our hemisphere ? Second, the magnitude of production, dollar-wise,
to do it? Third, how long it would take to get to that area? In doing
that, you might have to use a large crystal ball.

MR. REEVES: Well, I can try. We have thought a lot about this
in terms of capacity to put out products. In the United States there is
a big reserve of oil shale out in Colorado. There have been lots of
estimates of how big that is and they vary quite a bit, depending on
what richness we are willing to accept as being workable. If you take
just the richest part of it, that's equivalent to about twice our proved
reserves of oil. If you are willing to go a little farther down, it just
goes up and up. So oil shale, you might say, represents a larger
source of raw material than crude oil does.

There are some tar sands in the United States, and there is a
very large deposit of tar sands in Canada. The coal reserves in the
United States are good for many thousands of years, I think, but coal
is more expensive to recover than anything else,
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So I would say that from the standpoint of availability of oil mate-
rials, it is quite difficult to see how you could run out of them in a
couple of hundred years.

From the standpoint of the processes themselves, I think the best
way to express it is in the cost of the products. I know you asked
about the capital investments. For oil shale the capital investment
would be higher than for starting with crude oil. We are not certain
how much higher it would be, because it is very difficult to figure the
equivalent capital investments in producing operations. But certainly
we think you could make gasoline for another nickel a gallon, or some-
thing like that. The result would not be too bad. We think that the
capital investments are of the same order of magnitude, and it would not
represent a tremendous strain on the industry to shift from crude oil to
oil shale as a petroleum material. Did I answer your question?

STUDENT: Not on the time factor.

MR. REEVES: Oh, well on time, we could start today, I think, and
build an oil-shale plant. Of course the Government has been running a
lot of pilot plants, and I think the process is quite well demonstrated.
Union Oil Company has a large demonstration plant that it is building
and getting ready to run. So technically you can design plants now, and
then it is a question of building them. Even if no more oil is discovered
in the United States, of course we have reserves for quite some time
anyway. Surely, long before you would run out of oil, you could have it
replaced with shale.

QUESTION: Sir, because of the very nature of R & D work it is
difficult to measure progress and rate of satisfactory completion.
Would you comment on what administrative tools you found useful in
measuring the progress, if you will, of your activity, and the perfor-
mance ?

MR. REEVES: You have certainly hit on the hardest job there is.
Of course some of the things are simple. Engineering is really quite
simple, because people want to build a plant and so it has to be designed.
If they know exactly where they want to build it, they can pretty well
tell how many man-months or man-years it is going to take to design
it, and to calculate what engineering backup is going to be necessary.

I think the same thing is true to a somewhat lesser extent in
development work. If we have a process that is pretty well developed
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equipment, and so forth. The rest of it is involved in calculating heat
exchanges, towers, piping layouts, and so on and so on.

The basic engineering normally accounts for 15 percent of the total
engineering on a project. We feel that we should do the basic engineer-
ing, and that the construction company should assume responsibility
for the mechanical engineering, which is the bulk of the engineering
work. The reason we feel that way is that the translation of research
into commercial operations involves the basic engineering. With the
background that our own engineers have in terms of the research work
that is going on, and with the experience of other units in the company
on similar or the same processes, we feel that we can do a much
better job of basic engineering than the construction company can do.
But we certainly don't feel that we can do a better job of the mechanical
engineering and the drafting.

STUDENT: Basic engineering, then, includes what you term process
engineering?

MR. REEVES: That's right. Process engineering is what I mean
by basic engineering.

QUESTION: My question is along the same line, sir. I read in an
article recently that in certain areas productivity has fallen behind
because industry has been reluctant to accept certain new processes
because these processes were very revolutionary and they completely
caused a deflation of the capital investment, the capital equipment, in
the company. For example, I know any direct reduction of I & O could
cut out a great part of the industry. Is there any reluctance on the part
of your company to accept new processes, or is there the feeling that
the period of obsolescence is too hard on your capital equipment because
of new processes?

MR. REEVES: We discuss that a lot, and it is an interesting situa-
tion so far as we are concerned. So far, fortunately, it is a theoretical
thing. The oil industry has been growing pretty rapidly over, I guess,
the last 30 or 40 years, and it has been pretty hard put, really, to
finance its expansion, much less replace everything. So all of the money
that has been available to put into new capital has been put into new
plants which do not replace old ones. So that question just does not come
up. We keep running old ones as long as we can, because, while they
are more expensive, they do put out products. The day is bound to come,
I suppose, when our expansion slows down to a point where we can start
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replacing plants because of technical obsolescence. But that has not
occurred. We just don't tear anything down until it falls apart, because
we need the capacity so much. It's an interesting problem. A lot of
people are wondering about it.

QUESTION: You mentioned that your industry was interested in
the fluid energies, and you mentioned sources of fossil oils. Do you
in your research consider vegetable sources of it, and are there any
other possibilities ?

MR. REEVES: Well, of course I suppose indirectly a lot of people
feel that oil comes from vegetables. I think that, if we thought we
could make them into crude oil, we would be very much interested.
Generally speaking, the agricultural raw materials have been far more
expensive than crude oil has. I don't know whether that answers your
question or not. I mean, we are willing to use any raw material so
long as it is economical.

STUDENT: How about the side developments that you have, such
as alcohol and products from alcohol ?

MR. REEVES: Well, that's different. We are trying to integrate
the chemical business and the oil business. What we find is that people
in the oil business tend to look at things in a certain way. They are
accustomed to large-scale continuous operations, and they just have a
point of view about things that you don't find, say, in different indus-
tries. For the time being we don't want to change our main business.
We feel it is necessary in developing the petrochemical business that
it integrate. We have taken as a matter of principle that our petro-
chemical activities ought to use raw materials which are petroleum in
origin. In other words, we are doing it as a by-product activity. We
also restrict ourselves, in petrochemical ventures, to those operations
on which we think we can take advantage of our refining background.

QUESTION: Mr. Reeves, I have two questions relative to personnel.
The first concerns this thing of much disucssion in the newspapers and
all, relative to the shortage of scientists, engineers, and that sort of
thing. Occasionally some facts pop up that indicate that maybe this may
not be as serious as it seems, that there may be some hoarding of that
type of personnel, or that available personnel is not properly used. I
wonder what your view of the thing is, relative to shortage or not.
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The other question is relative to the management of the highly tech-
nical personnel from the point of view of management. Do you have to
employ special techniques so as not to hamper their initiative?

MR. REEVES: I will be glad to tell you what I think about the short-
ages. I agree. I think that people talk about numbers of people all the
time. The fact of the matter is that if the rest of the graduating classes
were as good as the top 25 percent there would be no shortage at all.
Most of the scurrying around is to get the top 25 percent of the graduating
classes. From what I have found out, the bottom half of the classes all
wind up with jobs, but there is certainly no great competition for them.
Also I have talked to a lot of people in various research organizations
and, while everybody talks about the trouble of hiring people, I haven't
heard anybody say that there were things they wanted to do that they
could not do because they didn't have the peaple.

I think the same thing applies to the Department of Defense. They
talk a lot about the shortages of people to do research projects for them,
but at the same time they talk about reducing their budget because they
can't afford to spend so much money.

So what I think is true is that there is a tight situation existing, and
people who want the best people find that the effort that is required to
get them is worthwhile. In other words, a good man is worth a lot more
to you than a mediocre man. We consider that it normally costs us about
$60, 000 a year to support a technical man., We expect him to stay with
us for life, which means that we are going to spend a couple of million
dollars on him before he retires. Under those circumstances you can
see that you can easily justify spending 2 or 3 thousand dollars to hire a
good man to spend all that money on, compared to one that is not quite
so good.

I think that is the basis with most industrial companies for the
competition that takes place. They all realize that the best man is
better than the next best man, and they are all trying to get the best
man. I think there are lots of ways of doing the kinds of things that
the bottom half of the class does. They are usually the not-so-creative
people. There are always exceptions, of course. For engineering work
or any other technical work that does not require really creative thinking
you can usually work out some sort of system for doing the work, either
nontechnical people or by automation.

We can do a great deal on the design of refining equipment by using
IBM machines. It takes some pretty good people to set up the whole
scheme and to set up the cards and to feed the questions into the machine.

37



b

(VLR ¢

But once they do that they can do ten times as much work as a less
creative person can do. So there is always going to be a shortage of
really creative and good people. That's not only true in technical
work; it is true in everything. I think that for the rest of them it is
a question of a sort of economic balance. Undoubtedly a lot of engi-
neers are used in jobs that you wouldn't have to have an engineer to
do, but you've got to realize that a lot of these people are engineers
only in the sense that they are craftsmen. They are not creative
engineers, of course. So that if you replace them they would be
quitting something else; not engineering,

Now, the second part of your question was concerning incentives.
That's a very difficult problem, and most technical people, I think look
mostly for prestige and recognition, as well as an adequate salary.
What we do is, we have a philosophy of salary treatment which is based
on the fact that technical contributions are the most important things
that we need. We pay technical people and administrative people the
same in proportion to the contributions that they are making. In other
words, you can make just as much money with us if you want to stay in
scientific work or if you want to get into administration.

The problem of recognizing them is something else again. We have
a series of titles by which we recognize our senior scientists and engi-
neers, but a lot of the technical people don't like titles. They say that's
just like being in administration and they don't like administration, so
they don't like titles. So what we try to do is give them the forms of
recognition. We try to consult with them on projects and things like
that. It is just a question of individual treatment of each person. You've
got to figure out what kinds of things will mean something to them and
what things will stimulate them, and try to apply them.

But it is not an easy question to take all these different technical
people, each with a different idea of what he wants, and keep them all
happy.

QUESTION: Mr. Reeves, are there any sizeable deposits of shale
oil in Western Europe? Are the people in Western Europe examining
those as a source of supply for gasoline?

MR. REEVES: I don't know of any. That doesn't mean that there
are not any. I don't think they have really looked very hard. There's
some in Scotland and there is some in Sweden that I know of. I haven't
heard of any really large deposits.
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COLONEL SEEDS: 1 think you have answered all the questions,
Mr. Reeves. On behalf of the College I want to thank you for a very
fine view of research and of our national economy and security.

MR. REEVES: Iappreciate being here. I am glad to have had
the opportunity.

(9 Aug 1957--3, 950)O/ebm
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