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‘The Department of I.abér-».published a report a few months

ago entitled 'f'.l.‘échnological Trends in 36'Major American Industries,”

This report rt‘sﬁreunts one phase- of the Depértnent's research program,

designed to investigate important technological developments and

their potential impact on nanpowr_requirenents throughout American

industry. A thorough imvestigation of each industry takes time and

more extensive study is under way or planned for the important indus=-

tries in the ecomomy, Meanwhile, however, there has been a great

deal of interest in the pace of technological chamge, not only for

the economy as a whole, but also for individual industries.

The

President's Advisory Committee on Labor-uanagément Policy is among

those who felt the need for factual information on this important

subject and urged the publication of a report on t;_echnélegical trends,

The report, which has been published, is in response to

this need, It is based extensively on published materials such as

technical and trade journals, amnual corporate reports,\ and 'feports

[}
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of government agencies., The statement for each industry was reviewed
by experts in companies, unions, trade associations, and government,
and their comments were considered in the final version of the
report,

The petroleum refining industry is one of the industries
included in the Technological Trends Report. Its publication, appar-
ently, has come to the attention of the Select Committee on Small
Business and the Committee has requested the Department of Labor to
present a more comprehensive statement on technological developments
in petroleum refining. We are, of course, pleased to comply with
this request, However, we must point out that we have conducted no
field studies nor any special inquiry through use of queotionnairoi.
Our information for petroleum refining is based primarily on the
sources mentioned above, and on our calculations of output per
man ~hour,

This statement will cover productivity, current technologi-
cal developments, and the technological and employment outlook for

the petroleum refining industry.
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PRODUCTIVITY, OUTPUT, AND EMPLOYMENT PER MAN-HOUR
Nev investment and the introduction of more advanced tech-
nology are usually reflected in the prbductivity of an industry, as
measured by output per man-hour, This productivity ratio has
indreased 'fﬂt‘ly rapidly in the petrolewm refining industry during
the ’pé’ltﬁ: period, Output per man-hour, including all employees
of the industry, has more than doubled in the last 15 years. |
Translated into an annual rate of change, the average
increase in output per mam-hour for the period 1947-62 is 5.2 per-
cent, (Table 2) This is substantially higher than the average for
all manufacturing industries combined, which rose less than 3 per-
‘cent a year, o R
" The rate of growth in productivity has been maintained
throughout the postwar ‘p"orie"tl:,‘ except for a few minor and short-
“teim slowdowns as in 1953 and 1957, This steady rise in pioduc-
tivity has persisted despite some slowing down in the rate of
ineremse in output, Output increased rather rapidly from 1947-51,
a little more slowly from 1951-56, and still more slowly after
1956, 1In fact, in the early postwar years, output increased faster
than productivity but in the last few years it has been the other
way around--productivity has gone up faster than output,
The changing relationship between output and productivity
has, of course, had an impact on employment., It went from 146,000
il in 1947 to a peak of 160,000. in 1953, but them declined, rose a
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little and declined again., Since 1957, when employment was about
154,000, it has declined and in 1962 it was down to 123,000,

The gains in productivity are related not only to output
(and rate of capacity utilization) but also to capital expansion
and modernization. The increases in productivity in this industry
have been accompanied by substantial expenditurea-on new plants and
equipment, They have averaged $530 million per year, the equivalent
of $3,654 per worker, compared with $727 per worker for the average
of all manufacﬁuring industries,

Because of this Committee's interest in small businesses,
we have prepared a special analysis of individual plants in the
petroleum refining industry, based on data obtained from and with
the cooperation of the Bureau of the Census, U.S, Department of
Commerce, The analysis compares value-added per man-hour in 1954
and 1961, by size of establishnent,bfor plants whose primary product
is gasoline and jet fuel, First, a few words of caution are
necessary.

1. These are establishments classified by size as of
1954, They may be owned by large or small companies,

2. Value added is in current dollars. The value-added
per man~-hour figures are useful for comparing different establish-
ments but are not precise productivity measures because they are
also affected by price changes and price differentials among

plants,
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Vith these factors in mind, there seems to have been a
différence in the productivity of small and large plants in 1954,
The smaller plants, on the average, had lower value-added per man-
hour than the larger plants, In fact, value-added per man-hour for
the smallest group of plants was less than one-half of that for the
industry as a whole. (Table 3) However, the largen:iplahts had
somevhat lower value-added per man-hour, om the awruée, than the
moderately large plants,

"By 1961, some major changes had taken place., Apparently,
some of the small plants had engaged in major capitalization and
expmion programs and had improved their productivity éansidarably.
Thus, the productivity gap between small and large plants (classi-
fled 'by size as of 1954) was narrowed and in 1961 there was a small
variation in value-added per msn-hour among the differemt size
groups, '

However, if plants were reclassified by size as of 1961,
the smallest plants in that year also had lower value-added pir man-
hour than the larger plants,

'l.'raéiug the changes in productivity among individual plants
and determination of the factors responsible for these changes would
require intensive examination of the individual .pl"n’:t schedules and
possibly field visits to a sample of plants, We have not had the
resources to undertake such an inquiry. Nevertheless, there seems
to be a close ,eotrupcndnngc botv.gn the s;zd of operation and produc-
tivity, at least up to a ~point. |
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CURRENT TECHNOLOGICAL DEVELOPMENTS
Although petroleum refining has already reached an advanced
stage of technology, there are continuing developments which will
affect the processes or products of the industry. Some of the major

developments are described in this section.

v//}ncreased Use of Computer Control

The proceésing of crude oil through its various stages to
a final product requires the correlation of a large volume of data
about process or product variables such as heat and flow, octane
rating or other product specifications. In addition, the planning of
economical processes and products also must take into account costs
of materials and prices of different products. Because of the need
for these complicated and time-consuming calculations, refineries
have been introducting electronic data processing. In a few cases
the computer is used for more advanced process control, where the
control instruments are automatically adjusted.

According to one authoritative industry source, there were
about 60 digital control computers in operation or planned. at the
end of 1963, 1/ Of this total, 25 were for petroleum refining and
35 in units used for processing petrochemicals, The industry began
using process control computers in 1959, with most of the installa-

tions being made in 1962 and 1963, While computer control is most

1/ G. L, Farrar, "Computer Control Comes of Age," The Oil and
Gas Journal, October 28, 1963, pp. 78-100



often used by the large companies and for the operation of large
units, computer manufacturers are developing smaller models for use
in smaller refineries,

Adaptation to computer control seems to require several
stages. The digital control computer is first installed on line,
apen loop. That is, it receives instrument signals and other data
and turns out operating instructions, but the operator makes the
indicated changes, As experience is gained and the computer oper-
ation becomes more sophisticated, instrument loops can be closed,
with computer output signals directly positioning control valves,
In other words, controls can become more and more automatic. 2/

‘Direct benefits of EDP inélude 1iér6giid production with
the same equipment, reduced operating ecosts, and improved quality
control, 1In some cases, the paycut has been found to amount to
$100,000 to $500,000 amnually per installatién, Other benefits
such as better techmical and operating data, faster calculation,
reduced inventory requirements, snd improved plant safety have been
estimated to provide substantial additional savings,

To a certain extent, computers enable refineries to per-
form calculations that would ot.herwise require hundreds of man-
hours of engineering or other personal time, Such calculations

were not previously undertaken because they were too costly. The

2/ 'Computer Control Makes Solid Gains in Processing," The
01l and Gas Journsl, October 22, 1962, pp. 84-101.
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computer thus does not displace -employees already in the plarnt but sup-
plements their fund of knowledge.  However, since the net result’is
improved output with the same work force, productivity is increased.

vImprovements in Cracking

‘New techniques in cracking are concentrating on improving
%«product,quality and raw material utilization. The emphasis-is on
Eobtaining larger .quantities of the.more valuable products’ out 6f crude

\
\oil at the lowest possible cost., Hydrocracking, for example, results

(in upgrading heavy bottom oils to yield higher value distillate ‘prod-
%uqtg, Some developments aid in the recovery of refinery gases., 'These
fimprovements—in processing have resulted in significant increases in
igu;puthqf.theimost valuable products from each barrel of crude, with
i‘iles,s waste, faster production, higher product quality, ‘and”g'rea'tge"r
ﬁse of heawy-oil-and crude-pil residues, = - - =~ . = Tl

.. For example, one new refinery installatiou‘for‘ﬁﬁe5citﬁiytic
cracking of crude-oil residues reports an increase in the refining
capacity of the total plant of more than 20 percent and substantially
reduced refining costs and has eliminated the yield of unprofitable
residual products, 3/ In another refinery, installation of a hydro-

cracking unit resulted in an increase from about 50 percent to

90 percent in yield of gasoline for every barrel of crude, 4/

3/ G. E. McKenna, C. H., Owen, and G. R. Hettick, "Heavy 0il
Catalytic Cracking Key to Refinery Mbdernization," The 0il and Gas
Journal, May 18, 1964, pp. 106-107.

47 c. J. Lawrence,‘"81gnal Jumps-Gasoline Yield to 90 Percent
at Bakersfield," The 0il and Gas Journal, June 17, 1963, pp. 46-48.
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Improvements in the quality and chemistry of catalysts also
result in gains in the efficiency of refineries gﬁd in product
quality. One company claims a major advance in catalytic cracking
through the use of a unit (known as Met-X) which removes metal con-
taminants and, therefore, improves the efficiency of catalytic
action, By removing coke-producing metal contaminants, the refinery
obtained a 12 percent ingrease in the output of gﬁasqline per 1,000
pounds of coke, 5/

v/Product Mix and Petrochemical Products
Gasoline has for years been the ;iom_inant product of the
petroleum refining industry, accounting fq: 56 percent of total out-
; .put in 1962, up alightly from 1947. ‘Di;st’:i;l.l:at;e f!jzl ,9’71._'3‘3 become
- more important because of its use in transport:ation as well as_i in
home heating, And, as previously indicated, the ~@rg»ﬁm::i:i.«:.m of
liquified petrqleum gases .tggs . 1nggg§§gd with t@e:?e_yglopnent of the
petrochemical industry. (Table 4) i

Most other products of this industry have declined in
relative importance., The greatest change between 1947 and 1962 was
the decline in the relative importance of residual fuel oil from
.13 percent to 5 percent, :ef‘lectinsv substitution for res;dual fuel

oil for industrial uses and the increasing importance of other

3/ R. J, Dilliplane, G, P. Middlebrooks, R. C. Hicks, and
E, P, Bradley, "Met-X Boosts Gasoline Output 12 Percent Per Unit

of Coke for Atlantic," The 0il1 and Gas Journal, August 5, 1963,

pp. 119-126,



10 =

petroleum products. Among other products declining in relative
importance were kerosene, lubricating oil, petroleum coke, and road
oil, and still gas, The relative declines in the production of
these products reflect changes in demand and improvements in utili-
zation of raw materials,

Growing demand for synthetic materials is resulting in the
diversion of more crude to the lighter hydrocarbons, which, along
with natural gas and gas liquids, form the basis for petrochemicgl
production, Petrochemicals are used in the,productiqn_of;plaqtigs,
synthetic fibers, synthetic rubber, detergents, solvents, insecti-
cides, and fertilizers, While the total production of raw materials
for chemical conversion is still small compared with the total amount
of petroleum products (less than 5 percent of the total),. it is a
new and fast-growing segment of the petroleum refining industry,.

Refiners were induced to convert some of their excess capac-
ity to petrochemical production in the late 1950's, One factor was
the ease with which refining plant conversion could be made., The
growing demand for synthetic products also encouraged a trend among
refiners towards the integration of petroleum refining, gas process-
ing, and petrochemical operations. It was claimed that such physical‘
and administrative integration resulted in improvements in operating

efficiency and capacity utilization through rationalization. 6/

6/ '"Petrochemical's Greener Fields Lure Refiners," The Oil and
Gas Journal, December 17, 1962, pp. 78-81.
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New petrbcﬁe-ical plants being built are making extensive

use of computers for process control.

\/{;cgegsed Size and Complexity of Plants

Between 1947 and 1962, the number of operating refineries

i
}
!

;in the industry decreased from 361 to 287, . In the same period, crude
; oil throughput capacity of operating refineries rose 5,3 million
harrels per. day to 9. 8 million barrels per day and total refinery

e

; ecgp:gcity'rpse_f:qm 5,5 million to 10,1 million barrels per day. The
é. ayeragg.s;gg of Qperating refineries increased by 132 percent, from
| 14,7 thousand barrels per day throughput capacity to 34,1 thousand
barrels per day.

- As indicated in an earlier section, scale of operations can
have an important bearing on productivity--the larger thc operation,
;hevhigygr the produggivitx, Closely related is the capacigy of the
catalytic cracking unit used by each refinery. For example, a
90,000 barrel capacity unit requires substantially less manpower than
3 units, each with a capacity of 30,000 barrels, The ratio of man-
power required is nearly 3 to 1. é@i’le factors such as markets and
location may be related to the size of the unit in use, an important

i

t factor has been the improvement in metallurgy. The metals of a

1 cracker corrode and the unit has to be shut down periodically for
. repairs, New metals last much longer with a resultant decrease in

jfrequency of repair, Since the shut-down periods are reduced, the

refinery can afford to install a larger cracking unit.)
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. OUTLO0R FOR PETROLEUM REPINING INDUSTRY

Advances in technology and productivity will probably con-
tinue at a fairly rapid pace over the next few yearsy. Aithougi: ﬁhe
rate of change is difficult to estimate, two factors affecting the
outIdok can be briefly described.

‘/Increasi_._ng Expenditures’ for Research and Development e T

The petroleum irdustry (including refining and ‘extraction

spent $302 million on R and D in 1962, a 66 percent méreaé' over the
' 1956 expenditures, (Table 5) The industry employed 8,800 scientists
and ‘engineers in 1962--28 percent more than in 1956.
Virtually all of these R and D expenditures were company
financed, Tather than from Federal government sourcdes as is the case
in several other industries. The largest petroleum companies '
“accounted for more than 90 ‘percent of the total R and D ‘e:pe'ﬁdiﬂtii'res.
Most of the expenditures were for refining and extracting teclniques
and petroleum cheﬁiét:y. The industry also benefits from research
conducted by the electronics and instrument industries. '
Although the petroleum iﬁd\istry spends only about 1 percent
of its sales on R and D, it is one of the leaders among nondefense
induétrie’s. According to a 1964 McGraw-Hill Conpany' survey, R and D
expenditures planned by the industry are expected to increase by -
16 percent between 1963 and 1967.



ital enditures
Expenditures for new plant and equipment in the petroleum
refining industry rose duriixg the postwar years to a peak of around
$875 million in 1951, They have declined since then and annual
expenditures during the period 1959-63 have averaged something over
$400 million. 7/ However, the annual forecast by The Oil and Gas
Journal 8/ estimates an increase of about 19 percent in 1964 (from

1963) and a sustained increase through 1970,

According to the 1964 McGraw-Hill Survey of Business'
Plans for New Plants and Equipment, integrated companies in the

petroleum industry (including extraction, refining, and related
activities) plan capital expenditures of $3.3 billion in 1964, up
12 percent from 1963, Preliminary plans indicate that this level
of capital spending will be sustained for the period 1965-67.

\gf the $3.3 billion expenditures planned by the petro-
leum industry for 1964, 80 percent will be for replacement and
modernization with 20 percent for capacity expansion% Outlays for
expansion are slightly higher than in the past few years, Accord=~
ing to McGraw-Hill surveys, the petroleum and coal products industry
has been operating below the preferred rates of capacity utilizationm,

but there has been some increase in operating rates during the past

71/ Annual Survey of Manufactures, Bureau of the Census, U.S.
Department of Commerce, 1962,

8/ 'More Spending Seen for '64," The 0il and Gas Journal,
January 27, 1964, p. 138,



few years over the lower levels of the later 1950's. The plamned
capacity expansion between 1963 and 1967 (about 3 perceat) will

proebably come from expenditures for modernization and replacement.

ojected Production t

The long-term outlook for petroleum production is for
gradual increase over the 1960 and 1970 decades. Projections of
production trends in the petroleum refining industry have beem pre-
pared by the Resources for the Future, a leading research organiza-
tion, based on varying estimates of population growth for 1970 and
1980, (Table 6) The high projection of output would imply an
annual érowth rate of about & percent, which is the same as the
postwar rate of advance, However, output per man-hour during this
period rose more than 5 percent a year.

If the postwar rate of increase in productivity is main-
tained or only slightly reduced as industry continues its R and D
and modernization programs, the projected rates of productiom will
not offset the impact of labor-saving technology. A lower level of
employment may be expected, continuing a decline which began in the
1950's, The demand for engineers, scientists, technicians, computer
specialists, and highly-skilled maintenance craftsmen, however, will

probably remain strong.
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Paetroleum Refining

Table 2, Output, Employment, and Output Per Man-Hour
- Average Annual Rates of Change, 1947-62 and Subperiods

1947-62 | 1947-57 | 1957-62

OULPUL ceccccccsccccccsscccccccccsce 4.0 5.2 1.9
All employees 00ccceccscecscsocccee -0.9 0.8 -3.7
Output per all employee man-hour ... 5.2 5.0 5.8

Output per production worker
MAN~hOUT .ccecccccccsccccccccccsse 5.9 5.8 6.2

Computed by least squares method, Basic data, Tible 1.
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Petroleum Refining

Table 3., Selected Establishments, 1/ Value-Added
Per Production Worker Man-Hour, 1954 and 1961,
by Size of Establishments 2/

Value-added per
Value added of production worker man-hour
establishments, 1954 (dollars)
($1,000)
1954 1961
Total cececccccccccccce 8099 15,80
h" th‘n 1’000 ...Q.’...... 3.61 12.19
1,000 - 1,999 (XXX RN NN Y EX N 7025 14061
2.000 - 3.999 XXX XXX XYY X 7.75 16.20
4,000 - 7’999 d000eccocooe 10.06 19.43
8’000 hd 15,999 ®e0escovvoce 10078 17.13
16,000 - 31.999 ®00000000000 9089 17074
32,000 and over secceccceces 8,08 13,26

1/ Establishments whose primary product class in 1958 was
29111 (gasoline and jet-propulsion fuel),
2/ Establishments classified by value added in 1954,

Source: Annual Survey of Manufactures Time Series Records,
Bureau of the Census, U.S. Department of Commerce,



.18 -

Petroleus Refining

Table 4, Percent Distribution of Major Products
N Included in Total Output, 1947 and 1962

Product 1947 1962'
" B

Tot8lecooesosecsocccoccsccscsccscscscccse 10000 100.0
Awiation 835011ne 000000006000000000000000000 203 205
Other gasoline 000000000000 00000000000000000 50.5 53.3
Kerosene ccceccsscccoccscccocccocccccsccccee 5.7 4.4
Di'tillate fhel 011 0000000000000 00000000000 1500 1900
Residual fuel 01l sceccceccoccccccccccscccce 13,3 4.8
Jet fuel 00000000000000000000000000000000000 (l/) 2.8
Lubrication 01l ceeeccccccccscsccesccccscces 7.4 4.8
WAX ccesvcsescccccncecscsssccsccccscvsccscsnse .8 o7
Petroleum coke cceececescsccesccccscccccccase b 1.3
Alp 1t cecccceccccsccescscocscssscccssssoss 2,1 2,5
RD‘ 011 900000000000 000000000000000000000°° 03 01

Still 888 ceccsc0cccrcccccssccvcccscccccncce 1.1 .
Liquefied petroleum ga8e8 c.eccceccccccccscce 1.3 2,8

1/ 1Included with "other gasoline" since only small amounts
of jet fuel were produced in 1947,

Source: Basic data on output are from issues of the Minerals
Yearbook and Mineral Industry Survey, published by the Bureau of
Mines, Percent distribution shown is the distribution of the
weighted aggregate, that is, physical units times 1958 unit value
weights,
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Table 6, Projected Changes in the Production of Crude Pétroleum
and Petroleum Products, 1960-1970 and 1970-1980

1960-1970 1970-1980
Average Average
Total |- Total
percent annual percent annual
Chm. percent cme percent
change | change
Total U,S. crude petroleum
consumption (mil, bbl,)
Hish .00.00000.0000...00000000_’. 45 3.8 45 3.8
Medium 0000000000000 00c0000000ee 28 2.5 31 207
Iow 0000 000000600000 0000000000000 13 1.2 22 200
Petroleum products production 1/
High 00 0000000000000 00000000000 47 3.9 49 4.1
H‘dim 0000000000000 00000COROSGOIOS 30 207 31 2.7
m 0000000000000 000000000000000 16 105 22 2.0

1/ Projections of Federal Reserve Board index of productiom.

Source: Based on data from:
J. L, Fisher, 8

‘s Pu

H. H, Landsberg, L, L, Fischman, and
Johns Hopkins Press, 1963,

Average annual rates of chamge computed by the compound interest method.



