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This study examined one refinery product, residual fuel oil, and

analyzed changes that have occurred in its production and consumption

in the United States through time, with the objective of explaining why

the quantities and qualities of residual fuel produced, imported, and

used in different times and places have varied.

Refined petroleum products are not produced in equal or fixed

amounts, but reflect limits imposed by technology and the type of

crude processed, as well as contemporary economic constraints.

Thus, there is considerable variation in the refinery mix from one

country or region to another and from one time to another.

Demand for petroleum products also varies geographically and

temporally and reflects economic, political, and technological

factors as well as the availability of alternative fuels.

Statistical data analysis determined the changes that have

occurred and the spatial patterns that have developed in: 1) the



absolute and relative importance of residual fuel output per refining

district; 2) the role played by imported residual fuel; 3) the market

sectors in which residual competes and its absolute and relative

importance to each.

Domestic production of residual fuel declined from 316, 221, 000

barrels in 1940 to 292, 517, 000 barrels in 1972 and average yield per

barrel of crude processed declined from 24.4 percent to 6.8 percent.

This downward trend was economically motivated and regionally most

pronounced in the Texas Gulf, Louisiana Gulf, Texas Inland, and

Oklahoma-Kansas -Missouri refining districts.

Residual fuel demand increased from 338, 106, 000 barrels in

1940 to 925, 647, 000 barrels in 1972. The difference between

domestic production and demand was made up by imports mainly

from Venezuela and the Netherlands Antilles. Residual fuels are

used for heating large spaces, supplying industrial heat, powering

vessels and locomotives, and for generating eLectricity. For these

markets, residual competes principally with coal and natural gas.

The main changes residual fuel has experienced in these markets has

been a marked decline in railroad use, and during the 1970's a rapid

growth in the utility market. Regionally, residual fuel is consumed

principally on the East Coast where in 1972, imported residual

accounted for 89. 6 percent of consumption.
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CHANGING PATTERNS IN THE PRODUCTION AND
CONSUMPTION OF RESIDUAL FUEL OIL IN

THE UNITED STATES, 1940-1972

I. INTRODUCTION

Background and Statement of the Problem

The petroleum industry in the United States began in 1859 and

since then has experienced virtually uninterrupted growth. In the

period from 1900 to 1972, per capita consumption of petroleum

increased from half a barrel to over 20 barrels annually. Accompany-

ing this increased consumption of petroleum have been numerous

locational shifts in production and consumption as well as changes in

the product demand.

In the early history of the industry, crude oil was used without

processing, but it was not long before most of the petroleum was being

refined. In the refining process a wide variety of products can be

produced, the most important of which include gasoline, kerosene,

distillates, residual fuel, and lubricating oils. These refinery

products are not produced in equal or fixed amounts, but rather can

be adjusted within limits imposed by technology and the type of crude

processed. The actual product mix within such constraints will be

determined by economics. Thus, there is considerable variation in

the refinery mix from one country or region to another and from one
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time to another. Demand for the various petroleum products also

varies geographically and temporally, and in a particular region at

a particular time reflects economic and political factors as well as

the availability of alternative fuels capable of satisfying a given

market.

This study examined one refinery product, residual fuel. oil,

and analyzed changes that have occurred in its production and con-

sumption in the United States through time, The principal objective

was to explain why the quantities and qualities of residual produced,

imported, and used in different times and places varied.

Rationale

Residual fuel oil consists of those liquid constituents of crude

oil with the highest boiling point which remain after the more volatile

components have been removed by distillation; hence 'residual. H

These fuels are not suitable for domestic burners but are industri,al

fuels used for heating large spaces, supplying industrial heat,

powering vessels and locomotives, and for the generation of elec-

tricity. These fuels are so viscous that to be used successfully

requires burners equipped with preheaters.

Residual fuel oil was selected for study for several reasons:

1) this product is typically low value when compared with lighter

refinery products or even with unrefined crude oil, and
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refineries have adjusted output downward as soon as

technology has permitted:

government import restrictions on residual have not been

applied uniformly in all regions of the United States and have

been in effect only part of the period under consideration;

no single market dominates residual fuel demand such as is the

case with gasoline and distillates, and thus, no single develop-

ment should be especially responsible for changes in its use;

the main competitors of residual fuel are natural gas and

bituminous coal rather than another petroleum product;

the United States has become increasingly more dependent

on foreign sources to meet the- residual fuel demand; and

residual fuel has changed from a surplus commodity to one of

increasingly short supply and escalating prices. As part of

the overall energy situation (which has been termed a crisis)

this problem is considered timely and worthwhile.

Period of Analysis

The time period covered by this study was the 33 years from

1940 through- 1972. These years were selected largely on the basis

of data availability. Prior to 1940 much of the statistical data did

not list residual fuel oil as a separate entity, but reported it with



distillates under the term, fuel oils. The end year of 1972 was

selected because this was the last year for which complete data were

available while the analysis was in progress.

Further, it was felt that a time span of about 30 years was

sufficient to show changing patterns in production and consumption of

residual fuel oil and to assess some of the factors precipitating

spatial changes, as well as to indicate probable future trends. This

time span covered a period of changing governmental, business, and

military situations as well as a great many technological advances.

Some of the analyses in this study utilize only the initial and

terminal years and some consider change on a yearly basis, but most

consider the period in 5-year increments, as this makes the data

more manageable.

Delimitation of Regions for Analysis

In order to discern spatial differences within the United States,

it is necessary to subdivide it into smaller units, These smaller

regions are then assumed, for purposes of analysis, to display

greater internal than external homogeneity with respect to the

variable or variables under consideration. Thus a region becomes a

4

'The Bureau of Mines statistical data did not separate the consump-
tion of residual fuel oil and distillates until 1937.



tool to show general spatial patterns aid, as such, minimizes local

variation.

The boundaries of regions should be drawn on the basis of the

areal extent of the variables under consideration. However, this

becomes a moot point as most of the regional structuring of this

study is dictated by data availability. The two principal regional

divisions used are:

thirteen refining districts as established by the U.S. Bureau

of Mines2(Figure 1 and Table 1); and

five Petroleum Administration for Defense (PAD) districts3

(Figure 2 and Table 2).

The reason for using two different regionalizing systems is

that production data are given by refining districts whereas

The U. 5. Bureau of Mines has collected statistical data on runs to
stills, refineries, output, and stocks by refining districts since
1918, at which time there were seven districts which have been
subsequently increased to 13. There have also been several
boundary realignments since that time.

PAD districts follow the regionalizing system set up by the
Petroleum Administration for War (PAW districts) of 1942. The
boundary lines between districts were drawn to reflect the geo-
graphical regions of the petroleum economy. PAD I included pri-
marily the area receiving most of its supply by tanker transporta-
tion. The line between PAD II and III was determined in the light of
normal supply and transportation operations. PAD IV was largely
self-contained; and PAD V was naturally isolated from the rest of
the country (U, S. Petroleum Administration for War, 1946).

5

2

3
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Table 1. U. S. Bureau of Mines refining districts.

EAST COAST - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New
Jersey, Delaware, Maryland, District of Columbia, Virginia, North Carolina, South Carolina,
Georgia, Florida, and the following counties of New York: Cayuga, Tompkins, Chemung and
all counties east and north thereof; and the following counties of Pennsylvania: Bradford,
Sullivan, Columbia, Montour, Northumberland, Dauphin, York, and all counties east thereof.

APPALACHIAN NO. 1 - West Virginia, and those parts of Pennsylvania and New York not included in
the East Coast.

APPALACHIAN NO. 2 - The following counties of Ohio: Erie, Huron, Crawford, Marion, Delaware,
Franklin, Pickaway, Ross, Pike, Scioto, and all counties east thereof.

INDIANA-ILLINOIS-KENTUCKY - Indiana, Illinois, Kentucky, Tennessee, Michigan, and that part
of Ohio not included in Appalachian No. 2.

MINNESOTA .WISCONS IN-NORTH DAKOTA-SOUTH DAKOTA - Minnesota, Wisconsin, North
Dakota, and South Dakota.

OKLAHOMA-KANSAS-MISSOURI - Oklahoma, Kansas, Missouri, Nebraska, and Iowa.

TEXAS GULF COAST - The following counties of Texas: Newton, Orange, Jefferson, Jasper, Tyler,
Hardin, Liberty, Chambers, Polk, San Jacinto, Montgomery, Harris, Galveston, Wailer,
Fort Bend, Brazoria, Wharton, Matagorda, Jackson, Victoria, Calhoun, Refugio, Aransas,
San Particio, Nueces, Kelberg, Kenedy, Willacy, and Cameron.

TEXAS INLAND - The Texas counties not included in the Texas Inland.

LOUISIANA GULF COAST - In Louisiana, the Parishes of Vernon, Rapides, Avoyelles, Pointe Coupee,
West Feliciana, East Feliciana, Tangipahoa, Washington, and all parishes south thereof.
In Mississippi, the counties of Pearl River, Stone, George, Hancock, Harrison, and Jackson.
In Alabama, the counties of Mobile and Baldwin.

ARKANSAS-LOUISIANA INLAND - Arkansas, and those parts of Louisiana, Mississippi, and Alabama
not inclided in the Louisiana Gulf Coast.

NEW MEXICO - New Mexico.

ROCKY MOUNTAIN - Montana, Idaho, Wyoming, Utah, and Colorado.

WEST COAST - Washington, Oregon, California, Nevada, Arizona, Alaska, and Hawaii.

Source: U.S. Bureau of Mines (1970e).

7
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Figure 2. Petroleum Administration forDefense (PAD) Districts (including subregions).
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(1970e); subregions
by author.



Table 2. Petroleum Administration for Defense (PAD) districts
(including subregions).

PADI
New England subregion

Connecticut, Maine, Massachusetts, New Hampshire,
Rhode Island, and Vermont

Middle Atlantic subregion
Delaware, District of Columbia, Maryland, New Jersey,

New York, Pennsylvania, Virginia, and West Virginia
Southeast subregion

Florida, Georgia, North Carolina, and South Carolina

PAD II

Great Lakes subregion
Illinois, Indiana, Michigan, and Ohio

Bluegrass subregion
Kentucky and Tennessee

Upper Mississippi subregion
Iowa, Minnesota, Missouri, and Wisconsin

Great Plains subregion
Kansas, Nebraska, North Dakota, Oklahoma, and South Dakota

PAD III

East Gulf subregion
Alabama, Arkansas, Louisiana, and Mississippi

West Gulf subregion
New Mexico and Texas

PAD IV

Rocky Mountain subregion
Colorado, Idaho, Montana, Utah, and Wyoming

PADV

Pacific Northwest subregion
Alaska, Oregon, and Washington

Pacific Southwest subregion
Arizona, California, Hawaii, and Nevada

Source: U.S. Bureau of Mines (l970e); subregions by author.

9
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consumption data are given either by states or by PAD districts.

The use of state boundaries is not a viable alternative as boundaries

of some refining districts cross but do not follow state lines; thus

parts of several states compose one refining district.

The 13 refining districts can, while maintaining boundary

integrity, be grouped into the five PAD districts. However, this

makes the unit of analyses so large and internally diverse that much

detail and variation would be obscured, In fact, when dealing with

consumption data, the PAD districts were subdivided into 12 smaller

regions so the degree of sensitivity would be greater. These units

were separated on the basis of their differences with respect to the

consumption of residual fuel oil as well as with regard to their

geographic proximity and confinement within a single PAD district

(Figure 2 and Table 2). Separation was done along state boundaries

so that these units could be analyzed not only at this level for con-

sumption patterns, but could also be recombined into PAD districts

for comparison of production and consumption patterns.

Residual Fuel Data

Statistical data on the production of residual fuel came mainly

from the U. S. Bureau of Mines, Petroleum Statement. The data for

this publication was compiled from reports the Bureau obtained from

refiners. Statistical data on the consumptive uses of residual fuel
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was obtained principally from the U.S. Bureau of Mines, Fuel Oil

Sales. Figures for this publication were gathered by the Bureau

from questionnaires completed by companies which sell 10, 000

barrels (420, 000 gallons) or more of fuel a year. Figure 3 is a

reproduction of the questionnaire and it defines what is to be

included in each use category. According to Diehl (1974) of the

Bureau of Mines Fossil Fuel Division, about 75 percent response was

received and the rest of the data were extrapolated.

Other information for this study was gathered from published

and circulated sources, as well as some uncirculated documents,

principally those held by the American Petroleum Institute Library in

Washington, D.C. A visit and discussion with refinery personnel jn

Anacortes, Washington, and interviews with Bureau of Mines person-

nel in Pittsburgh and Washington, D. C., also provided additional

background and information.



Posse 6-1337-A
F. Fuel. (7-73J

Figure 3.

823

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MUlES

WASHINGTON, D.C. 20240

FUEL OIL AND KEROSINE
SALES AND INVENTORiES

SEE INSTRUCTIONS AND DEFINITIONS ON REVERSE SIDE

An extra copy is
presided for your files

(Please correct if name or address has changed.)

I. Sales of fuel oil and kerosine during the year by States of destination and by uses.

0MB. No. 42-R0030.
Approxal expires Noe.ntber 1976.

INDIVIDUAL COMPANY
DATA-CONFIDENTIAL

Iii. data furnished in this report -ill
be treated in-confidenc, by the Depot,-
Mont at lb. Interior, except that ttcny
Peep be disclosed to Federal defense
ogenniss.

Pleas. separate
forms at

perforations

12

(Insert names of States in column headings)

typ. and use
III

Code
2911-

mmlx of 42 gole.
121

Sorrel, of 42 gob.
131

Soemle of 42 got..
14)

A. Distillate-type fuel oils:
1. Direct soles to consumers by your company for-

a. Heating:
(1) Grade '1 far automatic burners 400

(2) Grade 1 for oil other heating 410

(3) Grode'2 . 420

(4) Grode'4 . 440

b. Industrial use 401

c. Oil-company use (including own use) 402

d. Railroad use
e. Vessel bunkering

403

I. Military use 405

g. Electric utility companies 406

Ii. On-highway diesel use 430

I. Off-highway diesel use (construct ott equipment, etc.) 431

j. All other uses 408
2. Soles to dealers, resellers, and refiners ........ 409
3. Total (Sum of Al and A2) 411

B. Residual-type fuel oils:
1. Direct saks to consumers by your company for-

e. Heating:
(1) Grade'S 550

(2) Grade '6 560

b. Industrial use 501

c. Oil-company use (including own use) 502

d. Railroad use 503

e. Vessel bunkering 504

I. Military use 505

g. Electric utility companies 506

h. All other uses 508

2. Sales to dealers, resellers, and refiners 509

3. Total (sum of 81 and B2) 511

C. Kerosine:
1. Direct sales to consumers by your company for-

e. Heating 300
b. All other uses (excluding jet fuel) 308

2. Soles to deal esellers, and refiners 309
3. Total (sum at Cl and C2) 311

D. Total oIl sales (sum of 43, B3, and C3)



ft. lnventores of fuel oils and karosine.

is company changed ownership during the year, please report name and address of present owner, and dote sold:

Report all figures in barrels of 42 gallons.
Companies which sold less than 10,000 barrels

(420,000 gallons) of fuel oil and kerosine during
the year are riot requested to complete this form.
Form should be so noted and returned.

This report of the distribution of your sales should
cover all light and heavy fuel oils and kerosine
sold during the year. Include all domestic sales of
these products, whether purchased or of your own

DISTILLATE-TYPE FUEL OIL - Include ASTM
grades 1, 2, and 4 and distillate-type diesel fuel oil.

RESIDUAL-TYPE FUEL OIL. - Include ASThI
grades 5 and 6, heavy diesel, Navy special and
Bunker C oils used for generation of heat and/or
power. Include acid sludge and pitch used for re-
finery fuel.

KEROSINE. - Include petroleum dlistifiates suit-
able for use as an illuminant when burned in a wick
lamp and kerosine sold for range oil.

HEATING. Report all fuel oils used for heating
purposes.

INDUSTRIAL USE (excluding heating and oil-
company uses).Report under this item all fuel
oil sold to mines, smelters, and plants engaged in
producing manufactured products.

OIL-COMPANY USE. - Report all fuel oil, crude
oil, or acid sludge used as fuel at your refineries,
by your pipelines, or in your field operations. How-
ever, oil sold to other oil companies or used by your
own company to heat buildings and operate marine
equipment should be reported under the proper

Figure 3. (Continued)

INSTRUCTIONS FOR COMPLETING THIS FORM

DEFINITIONS
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manufacture. Report sales by State of destination
and inventories by State of location. A consolidated
report covering all your company's fuel-oil and
kerosine sales and inventories will be acceptable.

Please return one copy of the completed form by
April 15. Before submitting the report, please com-
pare it with the previous year's report and verify
any inconsistencies such as the addition or elimi-
nation of states or products and any sizable differ-
ences in quantity data between the two years.

categories. Sales to other oil companies for field
use should be included but exclude sales for use as
refinery charging stocks.

RAILROAD USE. - Include all fuel oil sold to
railroads, except that used for heating buildings
operated by railroads which should be reported as
sales for "Heating."

VESSEL BUNKERING. - Report all fuel oil and
diesel oil sold for ships bunkers and other marine
purposes including own-company use. Exclude
sales to the Armed Forces.

MILITARY USE. - Include all fuel oil sold to the
Armed Forces, regardless of use.

ELECTRIC UTILITY COMPANIES. - Include all
fuel oil sold to electric utility companies, including
that used for the generation of electricity.

ALL OTHER USE. Include agriculture, and any
other use category not specified on the form.

INVENTORIES.Report all beginning and end-
ing inventories held by your company for the year
indicated on form. Report on a custody basis re-
gard1es of ownership of these inventories.

(Insert names of States in column headings)

nn.nta,i., by typo Cod. Sm..I. .142 gal..
(2)

I.,,.l. .142 gaS..
131

Sa.wh .542 gal..
(4)

A. Beginning-of-year:
1. Distillate-type fuel oil (including diesel)
2. Residual-type fuel oil (including heavy diesel)
3. Kerosine )excluding let fuel)

B. End-of-year:
1. Distillate-type fuel oil (including diesel(
2. Residual-type fuel oil (including heavy diesel)
3. kerosine (excluding jet fuel)

77

388

(Name) (Oai. ,oI

Signoiw. TiH. Dais



II, PRODUCTION OF RESIDUAL FUEL OIL

Background on Petroleum Production
in the United States

The successful completion of the first well in the United States

drilled solely for the purpose of obtaining oil occurred at Titusville,

Pennsylvania, in 1859. This marked the beginning of the United

States oil industry. Prior to that time, petroleum had been obtained

from natural seeps and salt wells but the quantity was very limited.

When oil was struck at a depth of 69.5 feet at the famous Drake Well,

all this changed as abundant supplies became available. Within the

next decade the oil industry grew from 500, 000 barrels a year to

over 4, 000, 000 barrels, and by 1891 production had reached

31, 000, 000 barrels6 (U.S. Bureau of Mines, l960j).

The price of oil fluctuated wildly during the early years. The

cost of a barrel of crude at the well declined from $19.25 in

January, 1860, to $0. 10 by January, 1862, only to rise again to $11.00

14

4Two years earlier (1857) a commercial oil well had been drilled
near Ploesti, Romania (Wagstaff, 1974).

5Petroleum had been known and used by man for centuries. Evidence
exists that a petroleum asphalt was used in building construction
6, 000 years ago in what is now Iraq (UhI, 1967).

6Accounts of the early years of the petroleum industry may be found
in Giddens, 1938; Williamson and Daum, 1959; and Schurr et al.,
1960.
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by December, 1864 (U.S. Geological Survey, 1883), Such price varia-

tions were responses to both overproduction and speculation.

Although crude oil had been analyzed sufficiently to know it

was a potential source of illuminating oil, even before the first well

was drilled, little was known about how to collect, transport, or

process this material, As a result, thousands of barrels of oil were

wasted before outflows could be checked or regulated.

Technology developed rapidly and in an incredibly short time

simple refining processes had come into being that could convert

crude oil iito products at a processing cost of only $0.04 to $0. 10 per

gallon. Only one year after the first well was drilled, there were 15

simple refineries in operation in the western Pennsylvania area.

Pittsburgh was becoming the refining center, and by 1863, it had 60

plants in operation (Schurr etal,, 1960). During this same period,

storage and transportation problems were being solved with large

wooden reservoirs being constructed as holding tanks and rail and

barge lines being extended into the oil fields to move the crude. This

period (186Z) also saw the first pipeline come into use. It was con-

structed of wood and carried oil 1, 000 feet from a well, to a refinery

(Schurr et al,, 1960),

In the early refineries, about 70 percent of the crude oil was

processed into illuminating oil (kerosene). In addition, a small

amount of gasoline and lubricating oils was produced. Very little
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fuel. oil was produced for several reasons: 1) most importantly, its

price was not competitive with coal or wood except for a few brief

periods and then only in the immediate area of production; Z) equip-

ment well suited for its utilization had not been developed; and 3) it

was considered unsafe because of the danger of fire and explosion.

The Navy's Chief of the Bureau of Steam Engineering, comment-

ing on the acceptability of oil as a steamship fuel, presented a

typical view of the time: "It appears that the use of petroleum as fuel

for steamers is hopeless; convenience is against it, comfort is against

it, health is against it, economy is against it, and safety is against

it" (U.S. Congress, 1867, p. 175).

Oil, did, however, provide the advantages of greater power and

speed; a savings in storage space and labor costs; and in the case of

ships allowed them to remain at sea two or three times longer than

when burning coal. So, the interest in the potential of oil as a fiel

was considerable and experiments in its use in steamships, locomo-

tives, and manufacturing plants were widespread through the 1870's

and 1880's (Giddens, 1938; Schurr et al., 1960). By 1889 the

importance of petroleum as a fuel was recognized.

The petroleum products produced as a percentage of refinery

crude input for this early period through 1940 are shown in Figure 4.

71n the early 1900's, coal and wood were still the primary sources
of heat.



30

20

10

0

17

Losses and other products

a.
U. lUURllullUUUSUUlUa.u. auauuuuuuuuuauuuuuuuuuuuuunuuuuumuuuuuuuaausuuauuiium 41muuuRuuuuuuaulluuauuuuuu4IIUUIUUUUUUUUUURUUIUUUUUIIUIIUSIllUIIUUUIIUUIUlIUIURUIUUUSlUulUululllUuUURSIUUBIUUIIUIRUIUUUUUUUUNIUUURII.I' uu.uuuuuauuuuauuuuuuuuuuuauuuuuauUUIUUUIURUUURIUIUUIIIUIUUUIIUUSU

i....wui...uu.u. IUIIIUUUUUIUU'UIIIUUURUUUUUU Fuel oilsuuuuuuuuuuuuuuuuuuuu.uaUUUUUURBIUUIUUIIIUUURUIlUlIUIIURUUUIWRIUUUIUIUIUIUIIUIIIlIUI$UU*IUUIIUUUUIUIlUUUIUUIUUIIUUIUUUUUUUUUIUUUUUIUUUIuuliuuuumauuuuuuuuuuuuuauuiuuuauuuuuuuuuuuauuuuuuuuuIUUUIUUIIIUISIUIUUUUIlllllUI
SBUIIIU.II...U..IU.IIIIIIUIU..

'UUIUUUUIUUIIUUU'
uuuuuuuuur

A lb

Figure 4. Petroleum Products as Percentage of Refinery Crude
Input, 1880-1940.

Source: American Petroleum
Institute (1971).
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The most notable feature of this historical record is the dominance of

kerosene in the early years of refining and its decline from a level of

about 75 percent of total product production in 1880 down to 58 per-

cent by 1899, on down to 13 percent by 1918, and then stabilizing

between 5 and 6 percent through the 1930's.

Figure 4 clearly portrays the rapid increase in gasoline produc-

tion to meet the demand generated by the advent of the automobile

powered by the internal combustion engine. It shows the relatively

stable but minor share lubricating oils have had of total production,

and also shows that fuel oils, 8 after a few fluctuations near the turn

of the century, rose rapidly to peak at 53. 5 percent near the end of

World War I, and then declined to about 40 percent in response to

gasoline's increasing share.

Crude Oil Processed in United States Refineries

Types of Crude

Crude petroleum is a complex mixture consisting predominantly

of hydrocarbon compounds, but also containing sulfur, nitrogen, and

8 Fuel oils include gas oils, distillate fuel, and residual fuel, as
residual was not reported separately until 1930. This also includes
crude oil sold directly as fuel, which until as late as 1909,
amounted to about one-fourth of all production (Schurr et al.,
1 960).
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oxygen as minor constituents7 and traces of many metals9 (McKinney,

1967; Bell, 1959). The physical and chemical characteristics of crude

oil vary considerably between different oil fields, seeming to vary

with the type of sedimentary strata, the age of the oil deposit, the

life sources, and even with the depth of the well (Kalichevsky and

Peters, 1960). Smith etal. (1959) pointed out, however, that hydro-

carbon types in crude cannot be correlated successfully with geo-

graphical and geological environments, and Sweeney (1950) noted that

no two crude oils are ever exactly alike. 10

This great variation makes it difficult to classify crude oil into

groups by simple means. The classification generally in use is the

commercial method, This classification dates from the early days of

the petroleum industry when the two main supplies of crude were

those of the Appalachian region which separated wax when cooled and

those of the California fields that separated no wax but contained

asphalts. Thus, the two terms, paraffin-base (wax) and asphalt_base,U

9Metals most often occur as metallo-organic compounds; examples of
those often encountered include Manadium, nickle, copper, manga-
nese, and iron,

10Discuss ions of some of the petroleum producing fields in the United
States and the characteristics of the crude oil produced can be found
in a number of sources including the following: Gruse and Stevens
(1942); Gershinowitz (1958); Bell (1959); and Smith etal. (1959), It
should be remembered, however, that in the most geographical
areas there is a wide variation in the type of crude produced. Thus,
there is no typical Texas crude or California crude, but each area
may and probably does contain representatives that differ widely.

"Later a third class, termed mixedbase, was added. Crudes of
this type have properties intermediate between the other two.



came into use based on the nature of the residuum left after distil-
12lation (King, Morton, and Sagarra, 1973). Table 3 indicates some

of the main differences between the paraffin-base and the asphalt-

base crude oils.

Heavy and Light Crudes. Apart from differences in the chemi-

cal structure of their components, crude oils also vary according to

their relative percentage of higher and lower molecular weight

fractions. Crude oils with a higher percentage of lighter fractions

have a lower specific gravity and those with a higher percentage of

heavier fractions have a higher specific gravity. Rather than express-

ing the specific gravity as such, it is generally given in "degrees

API, 13 in which case a low reading indicates a relatively high

specific gravity, 14 but the relationship is not linear. The density

readings have long been used by refiners to obtain a rough indication

20

Due to the incomplete nature of this classification of crude oil, a
number of more complex systems have been developed through the
years, The U.S. Bureau of Mines (1935a) classified crude into
nine classes according to the proportions of paraffin and asphalt
compounds present.

Degrees API is derived from the specific gravity by the formula:
°API 141,5 - 131.5.sp gr at 60°F

14Typical readings are 9-15° API for heavy Venezuelan crude (which
gives a straight-run yield of up to 90 percent fuel oil) and 40-50°
API for light Saharan crude (which gives a straight-run yield of
only 25 percent fuel oil) (Van der Baan, 1962).

12

13



Table 3. General properties of crude oils.

Degrees API (density) High Low

Yield of gasoline High Low

Gasoline octane number Low High

Odor Sweet Sour or aromatic

Sulfur content of fractions Low High

Lubrication oil content High Low

Paraffin wax content High Low or absent

Color Light Dark

aA very broad generalization sometimes assumed is that paraffin-base
crudes yield large amounts of light products and good quality kero-
sene, gas oils, and lubricants, while asphalt-base crudes yield good
quality gasoline and asphalts, but less gasoline and lots of residual
fuel oils. This, however, is no longer as significant or technically
correct since modern refining technology allows much chemical
conversion.

Source: Bell (1959), UhI (1967), King, Morton and Sagarra (1973).
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quantities of sulfur and such oils are termed sour'5 crudes as dif-

ferentiated from those low in sulfur termed sweet crudes. A sour

crude has an offensive odor, is corrosive to equipment, 16 and

reduces refinery operating capacities.

United States refineries have been running mostly sweet

crude17; however, this will likely change in the future as a large

percentage of the world crude oil reserve contains more than

15Sour crude is sometimes defined as one having a sulfur content of
more than 0. 5 percent by weight, and sometirnes defined as more
than 1,0 percent by weight.

l6Hoffmarl (1973) reported that some refiners in responding to a
survey indicated that their distillation units would not tolerate
crudes with higher sulfur content,

'7United States refineries were reported in 1973 to be running
63 percent crude containing less than 0.5 percent sulfur, with only
34 percent of the United States reserves and 19 percent of the
world reserves being of this quality (Hoffman, 1973).

22

of the yield of the various products that might be expected from

straight-running a given crude, However, emphasis has shifted to

chemical composition rather than to physical properties as the wide-

spread use of catalytic cracking raised the value of the heavier

crudes by increasing the yield of light products obtainable from them.

Since more crude is purchased by the barrel than by weight, the

higher density crudes, generally speaking, are more valuable and

have greater product potential per barrel (Cassady, 1954).

Sweet and Sour Crudes. Some crude oils contain considerable
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1 percent sulfur. High sulfur content is especially characteristic of

the Middle East crudes, of which according to an estimate of Bauer,

Peters, and Wells (1974), two-thirds of the crude contain ito 2

percent sulfur, one-third over 2 percent, and only a small percent

less than 0.5 percent sulfur. 18

Crude Runs to Stills

The total amount of crude oil processed in the United States

increased markedly from 1, 294, 162, 000 barrels in 1940, to

4, 281, 634, 000 barrels by the end of 1972. This represented a total

increase of 2, 987, 472, 000 barrels, a growth of 231 percent in

33 years.

When this total amount of crude processed is broken down by

refining districts, one finds that in 1940 the five leading districts

accounted for 84 percent of the total; the others each accounted for

less than 5 percent of the refining output. Leading districts were:

East Coast, West Coast, Texas Gulf Coast, Indiana-Illinois-

Kentucky, and Oklahoma- Kansas -MLs s ouri.

These same five refining districts were still among the leaders

in 1972, but they accounted for only 74 percent of the total. This

reduction resulted primarily from the rapid growth of refining

18The Middle East had 63.8 percent of the world's proven crude oil
reserves as o 1972 ("Estimated Proved. . ., " 1973).
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capacity in the Louisiana Gulf Coast from 3,5 percent in 1940 to

13,7 percent by the end of 1972. Over this time span there was also

a decline in the relative importance of the production of the

Oklahoma-Kansas--Missouri, Texas Gulf Coast, and East Coast. The

absolute and relative share for each district is presented in Table 4.

Source of Crude Oil Runs to Stills

The primary movement of crude oil in the United States was

from the producing fields to refineries located in the same PAD

district. There were, however, several secondary patterns that

resulted in interdistrict or international movements. The most

significant (in terms of volume) of these secondary movements was
19from the oil-producing fields of Texas and Louisiana (PAD III) to

refineries located in the manufacturing areas of the East Coast (PAD

I) and the Great Lakes (PAD II). In 1970, this interdistrict movement

amounted to 768, 458, 000 barrels and accounted for approximately

half of the refining runs in both PAD I and II, and 32, 5 percent of the

total output of PAD III.

The other secondary pattern of importance was movement of

foreign crude into the United States. In 1940 crude imports amounted

'9Texas and Louisiana accounted for 44. 2 percent of United States
crude oil production in 1940 and for 61.3 percent of production in
1970 (U.S. Bureau of Mines, 1940b and 1970b),



Table 4. Refining district share of U. S. crude oil processed, 1940-1972 (thousands of barrels and percent).

District 1940 1945 1950 1955 1960 1965 1970 1972

East Coast 204,469 273,667 331,368 388,768 410,144 397,573 418,659
15.8 15.9 15.8 14.2 13.9 12.0 10.6

Appalachian No. 1
48 225

35,115 35,903 35,151 40,408 52,233

3
2.1 1.7 1.3 1.2 1.2 1.3

AppalachianNo. 2 20,454 25,267 34,939 36,680 36,896 21,969
1.2 1.2 1.3 1.2 1.1 0.6

Indiana-Illinois-Kentucky 225,847 275,853 379,143 499,776 538,458 595,808 728,268

17.5 16.0 18.1 18.3 18.2 18.1 18.4
Minnesota-Wisconsin- - - 44, 489 55, 836 73,040

North & South Dakota 1. 5 1. 7 1.8

Oklahoma-Kansas-Missouri 114,847 139, 176 177, 285 245, 071 264, 330 276, 908 327, 979

8.9 8.1 8.5 9.0 9.0 8.4 8.3
Texaslnland 61,802 84,510 76,221 92,631 106,936 117,086 144,317

4.8 4.9 3.6 3.4 3.6 3.5 3.6
Texas Gulf 337,923 403,417 479,085 671,765 694,839 772,593 894, 181

26. 1 23.5 22. 9 24.6 23.5 23. 4 22.5

LouisianaGulf 45,082 99,309 171,407 239,377 242,306 332,509 480,866
3.5 5.8 8.2 8.8 8.2 10.1 12.1

Arkansas-Louisiana Inland 24, 788 27, 937 26, 107 33, 262 39, 403 45, 994 56,040
1.9 1.6 1.2 1.2 1.3 1.4 1.4

New Mexico 4,459 4,963 7,750 8,490 11,559 14,784

30, 156 0. 3 0.2 0. 3 0. 3 0. 4 0. 4

RockyMountain 2.3 41,485 67,576 92,899 104,437 120,551 143,326
2.4 3.2 3.4 3.5 3.7 3.6

WestCoast 201,023 313,522 321,330 388,077 426,871 497,121 611,841
15.5 18.2 15.3 14.2 14.5 16.1 16.4

Source: Calculated from U.S. Bureau of Mines (1940-l972e).

423, 786
9. 9

58,688
1.4

19,608
0.5

778, 804
18.2
83, 322
1.9

330,004
7. 7

151, 737
3.5

961, 994
22.5

585, 649
13. 7
48,072

1. 1

16, 261
0. 4

145,415
3.4

678, 284
16.8

Total United States 1,294,162 1,719,534 2,094,867 2,730,218 2,952,534 3,300,842 3,967,503 4,281,634
100 100 100 100 100 100 100 100
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to 42, 662, 000 barrels or 3. 3 percent of the crude refined. It should

be noted, however, that there were 5 1, 496, 000 barrels of crude

exported. Thus, the United States had a net export of 8, 834, 000

barrels of crude oil.20 By 1970, the United States imports of crude

had climbed to 483, 293, 000 barrels or 12.2 percent of refinery runs.

This imported crude came almost equally from Canada and from

other parts of the world, principally South America and the Middle

East, Exports of crude in 1970 amounted to 4, 991, 000 barrels,

giving a net import of 478, 302,000 barrels.

Crude from Canada moved into all the districts along the

border; the largest amounts went to PAD II and PAD V. The crude

from other foreign countries flowed mainly to East Coast (PAD I)

refineries with a smaller amount going to the West Coast (PAD V).

The interdistrict and international movement of crude oil to United

States refineries for 1970 is shown in Table 5 and Figure 5.

Data for 1960 showed virtually an identical pattern with 1970.

An examination of 1972 statistics, however, revealed that some

major changes were occurring principally n the source of crude for

East Coast (PAD I) refineries. The percentage coming from the

Texas-Louisiana area (PAD III) had decreased from 50.3 to 19.6

percent and correspondingly that coming from foreign sources had

20 Since 1943 the United States has consistently been a net importer
of crude oil.



Table 5. U. S. refinery receipts of domestic and foreign crude oil, 1970 (thousands of barrels and percent).

aFor PAD I, all from the Middle East; for PAD V, 24, 248 from the Middle East and 25, 670 from Indonesia.

Source: From U.S. Bureau of Mines (1970e).

PAD district
Domestic Foreign

PAD I PAD II PAD III PAD IV PADV Canada
Central & Middle East GAfrica Other

South America other Asia

PAD I
472,022

13,071 6,056 237,585 3,555 352 31,751 97,643 37,644 44,365 0Total:
55.3 Domestic: 260, 619 2.8 1.3 50.3 0.8 0.1 6.7 20.7 8.0 9.4 0
44.8 Foreign: 211, 403

PAD II
Total: 1,154,002

12 407,509 530,873 99,995 0 115,613 0 0 0 0
90.0 Domestic: 1,038,389 Zo.1 35.3 46.0 8.7 0 10.0 0 0 0 0
10.0 Foreign: 115,613

PAD III
Total: 1,593, 737

0 836 1,589,757 3,144 0 0 0 0 0 0
100 Domestic: 1,593,737

0 0.1 99.8 0.2 0 0 0 0 0 0
0 Foreign 0

PAD IV

Total: 144,059 0 6 42 126,351 87 17,573 0 0 0 0
87.8 Domestic: 126,486

0 <0. 1 <0. 1 87. 7 0. 1 12. 2 0 0 0 0
12.2 Foreign: 17,573

PAD V

Total: 611,887
0 0 2,810 10,940 459,433 80,321 8,465 49,918 0 0

77.4 Domestic: 473, 183
0 0 0.5 1.8 75.1 13.1 1.4 8.2 0 0

22. 7 Foreign: 138, 704

U.S. total
Total 3,975,707 13,083 414,407 2,361,067 243,985 459,872 245,258 106,108 87,562 44,365 0

87. 9 Domestic: 3,492,414 0.3 10.4 59.4 6.1 11.6 6.2 2.7 2.2 1.1 0
12.2 Foreign: 483,293
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Figure 5. Domestic and Foreign Sources of Crude Oil, for U.S. Refineries, 1970.

Source: Based on data from
U.S. Bureau of
Mines (1970e).



increased from 44.8 to 73.8 percent. Much of this additional oil

came from Africa, principally Nigeria, Libya, and Algeria.

Though on a lesser scale, a similar trend was occurring on

the West Coast (PAD V) where the percentage of intradistrict crude

declined from 75.1 percent in 1970 to 63.5 percent in 1972. This

difference also was absorbed by foreign imports, principally from

the Middle East and Indonesia,

Number, Capacity, and Location of Refineries
in the United States

Number and Capacity of Refineries

A well established economic principle is that, under most

circumstances, it costs less per unit of capacity to build and operate

one large unit than two smaller units of the same size. 21 The refining

industry in the United States exemplifies this principle of "economy

29

21 There is, of course, an upper limit beyond which this principle
does not apply. This limit, according to Hartshorn (1962), may
be set by the managerial capacity required to head such a plant
and make all the decisions, but more likely would be set by
external factors such as the size and stability of the market that
could be economically served from the refinery, which if of
giant size, would have heavy additional costs to bear from
operating at times below capacity.



of scale. 23 The number of operating refineries decreased

between 1940 and 1972 and, during the same period, the amount of

crude oil processed steadily increased, In 1940, there were 547

refineries processing 4, 628,646 barrels of crude oil daily, whereas

by the end of 1972, approximately half as many refineries were

processing almost three times as much crude oil. These trends

are shown in Figure 6, The shape of the curves is important in that

it illustrates that the crude processed has been increasing at

approximately an arithmetic rate through time, while the number of

refineries declined sharply in the 1940-1945 period and since then

the trend has been downward but at a decreasing rate.

In addition to the economies of scale, several other factors

must be viewed as contributory to the decline in refinery numbers.

22

30

Shaffer (1968, p. 150) presented the following cost data:
HIn 1956, the capital costs of a refinery with a 10, 000 barrels-
per day capacity was $1,270 per barrel per day, considerably
above the $1, 020 per barrel per day for 100, 000 barrels-per-
day refinery and $900 per barrel per day for a 300, 000 barrels-
per-day refinery. The operating costs follow a similar
pattern, These in a 3, 000 barrels-per-day refinery range
from $. 15 to $.50 per barrel while those in a 15, 000 barrels-
per-day refinery, from $, 11 to $. 39 per barrel,

Jurenev (1964) indicated that in addition to lower investment per
barrel of capacity and lower unit operating cost, big refineries also
can more readily meet quality requirements.

23The National Petroleum Council (1967) pointed out that this trend
toward the economies of scale extends not only to overall refinery
size but also to an increase in the size of individual processing
units and to individual items of equipment.



Figure 6. Crude Oil Runs and Number of
Refineries in the United States,

31

Source: Based on data from
U.S. Bureau of Mines

1940-1972. (1940d,
1955i,
l970o,

1945g,
19601,
l972o).

1950h,
l965o,
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The domestic proration24 system, which stabilized crude oil prices

even during times of falling product prices, reduced refinery profit

margins, and tended to eliminate the marginal operator (Shaffer,

1968).

Mergers also were a significant factor responsible for reducing

the number of refining companies and the number of refineries.

Shaffer (1968) stated that during the years 1950 through 1961 this

industry ranked fourth among 58 industries in the number of

mergers,25 lie further noted that during this period the 32 leading

petroleum refiners acquired 193 other firms, including a considerable

number of refineries.

These three variables, economies of scale, domestic proration-

ing, and company mergers, are all interrelated to the extent that

Prorationing is the limiting of production of oil by well. It came
into existence in the 1930's and it serves two purposes. First,
conservation is achieved, in that unrestricted pumping tends to
reduce the ultimate quantity of petroleum recoverable, or at least
makes it more difficult and expensive to obtain; but by regulation of
flow from each well a better oil-gas ratio is maintained. Thus
better pressure and flow coupled with better well spacing helps
obtain the maximum efficiency of recovery (MER) (Mouzon, 1966).

Second, price is stabilized by supply limitation.

Changing ownership patterns in petroleum as well as other mineral
industries take three forms: 1) vertical integration, both backward
and forward; 2) horizontal integration by merger or acquisition,
resulting in larger corporate size or conglomerates (the oil
industry has been especially active in the mining interests); and
3) portfolio investment, the acquisition of stock for the prime pur-
poses of receiving dividends ai'id taking part in capital gains.

24

25
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large refining companies are better able to finance the construction of

big refineries and thus take advantage of the economies of scale.

Additionally, they are better able to integrate and lessen the impact

of prorationing, and are better able through mergers or purchases to

strengthen their competitive position and expand their markets.

The big company generally tends toward greater stability, has

greater ease in obtaining capital, experiences a reduction in over-V

head and fixed costs, strengthens and broadens its management

personnel, and is in a better position to take advantage of potential

tax benefits.

On January 1, 1940, there were 547 refineries operated by

420 companies; by 1955, there were 326 refineries and 212 com-

panies; and by the end of 1972 there were only 277 refineries and

165 companies. This indicates a rather rapid trend towards fewer

refineries and even fewer companies (calculated from data given

Bureau of Mines, l940d, l955i, and l973o). During this same

period (1940-1972) the average refinery size increased from 8,462

barrels per day to 49, 728 barrels per day. Grouped into size

categories and then compared as of January 1, 1940 and 1973, the

number of large refineries was found to increase markedly and the

number of small refineries to decrease markedly.

It is also significant to note that in 1940, 21 companies had

capacities over 50, 000 barrels per day. The combined capacity of
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these companies was 3, 132, 800 barrels per day or 67. 7 percent of

the United States capacity; they represented, however, only 19.4 per-

cent of the refineries (calculated from U.S. Bureau of Mines, 1940d),

In 1955, 23 companies had capacities over 100, 000 barrels per day.

The combined capacity of these was 6, 365, 750 barrels per day and

this represented 75,6 percent of United States capacity, and the

refineries which they operated represented 32,8 percent of the total

(calculated from U, S. Bureau of Mines, 19551). In 1972, 17 com-

panies had capacities over 200,000 barrels per day. The combined

capacity of these was 10, 539, 000 barrels per day. This was 76.5

percent of United States capacity and was refined in 34. 7 percent of

the refineries (calculated from U. S. Bureau of Mines, 1972o).

Thus, multiple-plant ownership was becoming more common-

place, The majoi'ity of the refining was being done by a relatively

few large companies in increasingly larger refineries. Further

changes in the number of refineries could be expected, but barring

unforeseen factors, such changes would occur at a slower rate than

in the past. This trend toward decline in number, but at a reduced

rate, is clearly indicated by calculating the rate of change by 10-year

periods between 1940 and 1970 as presented in Table 6.

The refining capacity has been increasing through time but

here, too, the rate of change has slowed as can be seen in Table 7.

It should be recognized that the calculated rates of change were



Table 6. Number of refineries: rate of decrease.

Period
Rate ofNet changechangeBe:nning End (%)

No, of refineries

Source: Calculated from U.S. Bureau of Mines (1940d, 1950h,
19601, and 1970o).

Table 7. Refining capacitya: rate of increase.
Rate of

of barrels NetNo.Period change change
Beginning End (%)
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aCrude oil capacity of a refinery represents the maximum daily
average crude oil throughput of a plant in complete operation, with
allowance for necessary shutdown for routine maintenance and
repairs. It approximates the maximum daily crude oil runs to stills
that can be maintained for extended periods of time.

Source: Calculated from U.S. Bureau of Mines (1940d, 195 Oh,
19601 , and 1970o),

1940-1950 4,628,646 6,696,300 2,067,654 44.7
1950-1950 6, 696, 300 9, 901, 424 3, 205, 124 47.9
1960-1970 9,901,424 12, 174, 323 2,272,899 22.0

1940-1950 547 367 -180 -32,9
1950-1960 367 310 - 57 -15.5
1960-1970 310 281 - 29 - 9.4
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dependent on the size of the established base and the net change in

refining capacity from the beginning to the end of each 10-year period

is possibly more meaningful in describing what changes have occurred.

Net change showed that the decade of the 1950's saw the greatest

addition of new refining capacity, but it also showed that more new

capacity was added in the 1960's than had been in the 1940's, although

the rate of change was slower.

In recent years there has been increased resistance to the

construction of new refineries because of their negative impact on the

environment. At the same time, the demand for refined products

has continued to increase and the United States has become more and

more dependent on foreign refineries. This places the United States

in an ever more vulnerable position by its inability to refine all the

oil it needs. In 1969, the United States had 25 percent of the world

refining capacity and consumed 32 percent of the world's oil

(Wagstaff, 1974).

Because refineries are capital intensive, costs and tax burdens

are important factors and both are likely to favor foreign locations,

such as the Caribbean, over domestic sites. It is also likely that

such locations will have less pollution restrictions.

Refinery location, like many industrial decisions, cannot be

made on the basis of economics alone, as government restrictions

have a strong influence in limiting the alternatives available. After
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the decision to build a refinery has been made, the lag time before it

comes on stream is getting longer. Hoffman (1974) noted that the

usual two to three years construction time can now be five years or

more.

Refineries are usually designed for optimum operation with a

specific product distribution and a specific type of crude. If the crude

run is of lower quality than anticipated, especially higher in sulfur

content, throughput is reduced. In the United States, total refining

capacity is currently reduced to about 95 percent of design ratings

(Hoffman, 1973).

Refinery Location

In addition to changes in the number and size of refineries

through time, there have also been changes in their locational

patterns. In the early years of the petroleum industry all refineries

were located in or near the oil-producing fields. The refined

products were then transported to market in barrels, first by wagons

or barges and later by rail (Heroy, 1950).

Such a field location, at that time, represented an economic

advantage for several reasons: 1) kerosene was the most important

product and others, such as fuel oil, were at times unsalable;

Z) crude oil was used both as a refinery fuel and a raw material; and

3) technology was limited and volume output was less than input,



because of a manufacturing loss. 26 All of these factors would have

meant unnecessary transportation if the crude had been transported

before refining, Moreover, most markets were small and capable of

utilizing only a part of the output of a given refinery.

Until the 1930's, refining was quite a simple operation. This,

coupled with the above factors, resulted in there being little economic

advantage to large scale. Thus, small field refineries27 became the

mainstay of the industry, a position they held into the 1940's.

In recent times there have been some very large refineries

oriented toward their raw materials. These, however, tend to be the

exception rather than the rule and a typical field refinery of today

is still of small size. Most have also been at their present location

for a number of years and thus the factors which governed the

original site selection may have changed.28 As a group, field sites

27
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26Van der Baan (1962) put refinery fuel consumption and manufactur-
ing losses before World War II in the range of 5 to 10 percent of
intake.

A number of studies dealing with refinery location have devised
classifications. The most widely used are those that group refinery
location into field, market, and seaboard (Melamid, 1955; Mouzon,
1966), or those that use the category "intermediate" in place of sea-
board (McNee, 1958; Manners, 1964; Newton, 1966). Intermediate
then is defined as a location at a natural transshipment point some
distance from either market or raw material, which might or might
not be on a body of water. Actually, there is no clearcut line
between the categories, whatever classification is used.

28According to Lindsay (1956), the economic man who is also a
refinery builder would select a location that minimizes two kinds of
money outlays: total operating costs of the refinery and the total
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are still declining in terms of their relative importance as refining

locations.

Melamid (1955) studied the distribution of refining capacity in

he United States and calculated the distribution by location, which is

presented in Table 8. Extending the calculations forward, it was

found that field locations continued to decline and represented 27.5

percent in 1960 and 26.6 percent in 1970 (calculated from U. S.

Bureau of Mines, l960 and 1970o). Melamid's study also showed that

through the years the market-oriented refinery location has become

increasingly important.29 Its growth can be attributed to a number

of factors:

Oil consumption increased tremendously with the result that

markets became big enough to supporl local refineries of

economical size.

New refining processes made it possible to minimize imbalances

between refining output and market demand.

Technological improvements resulted first in a decline in the

loss of material in the refining process and then a reversal so

cost of transporting inputs and outputs, or some combination of
each. It should be noted, however, that the least cost location that
Lindsay is discussing does not remain constant through time.

29A conclusion substantiated not only for the United States but world-
wide by both Newton (1966) and Frankel and Newton (1968).
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Table 8. Distribution of refining capacity by location
(percent).

Source: Melamid (1955).

that today there is a net gain in volume associated with ref in-
30ing.

Transportation became more efficient and in the process more

advantageous to the movement of crude oil rather than products

in terms of scale of operation, cost, and technical ease.

Greater flexibility was afforded both in the source of crude

processed and in the rapidity with which adjustments could be

made to meet changing market demands.

Of these factors, transportation3' is generally considered to be

the most important. Manners (1964, p. 183) assessed the situation

40

30U.S. Bureau of Mines (1950-1970e) show this gain in volume to
have occurred consistently since 1950. In 1970 it amounted to
about 3 percent.

Part of the advantage is due to economies of scale, as the bulk move-
ment of crude can be handled in larger vessels or pipelines than
generally practical for refined products. Also, although some light
products such as gasoline are cheaper to move than crude oil, con-
sidered collectively, product transportation is more difficult and
more expensive (Manners, 1964). In addition, products such as

Resource
(field)

Seaboard
(export)

Market

1920 60.8 15.9 23. 3

1930 55.0 18.3 26. 7

1940 45.0 25.9 29. 1

1950 34.5 30.6 34. 9



as follows:

Of all the factors which determine the advantages of any one
location for a refinery, those associated with comparative
transportation costs are the most important. All other
things being equal, the optimum location for a refinery is
clearly where the costs of getting crude oil from its source
to the refinery, and then the products from the refinery to
their markets are at a minimum. Transportation costs
generally encourage a market location.

Tugendhat (1968, p. 189) concurred but also presented a

qualification:

. . refineries should always be as close as possible to the
place where the products will be sold. At the same time
the flow should always be forward, so that refined products
do not have to retrace the route down which the crude has
already traveled.

This problem of backhaul costs for a market-oriented refinery

was also considered by Newton (1966), who concluded that cross- and

backhauls could be so costly that it was imperative that market

refineries be built only when the pattern of demand for several main

products was in line with the yield pattern of the refinery. Otherwise,

the size of the refinery should be held down to the level of demand for

the products that would be first in surplus. The only other alterna.-

tives were development of new local markets or exports.

A disadvantage that may accrue to a market location is higher

operating costs. This would be the result of more expensive refinery

41

heavy fuel oils flow so slowly, particularly at low temperatures,
that their movement by pipeline is usually considered impractical
if not impossible.
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fuel which in a field location is likely to be relatively inexpensive

natural gas. In addition, the field refinery does not bear the cost of

transporting its fuel, as would be the case for nearly all market sites.

Seaboard (export) refineries, as defined by Melamid (1955), are

those connected to the oil fields by pipeline or barge that serve the

distant markets by tanker, as well as supplying the local market.

They may be said to be located at transshipment points between the oil

field and the market and to provide the greatest flexibility in terms

of source of supply and market.

Before World War II, few countries outside North America had

oil consumption that warranted major refineries (Newton, 1966), and

for this reason, the United States exported a considerable amount of

refined products. A seaboard location was almost mandatory to

serve this market, as was a location near enough to the oil-

producing fields to be served by pipeline. Thus, a concentration of

refining capacity was built up in the Gulf Coast area of Texas. The

export market is no longer as important as it once was and today much

of the export consists of low-volume, high-value specialty products.

This, however, has not diminished the importance of the Gulf area as

32 Total exports of refined petroleum products amounted to 117
million barrels in both 1938 and 1939; this represented approxi-
mately 9. 5 percent of United States production (U. S. Bureau of
Mines, l938b and l939b), This amount of exports was the result
of the United States having two-thirds of the world's refining
capacity prior to World War II.
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a refining location. This region has the advantage of an ever-growing

local market as well as access to a large segment of the more distant

domestic market via the Intracoastal and Mississippi Waterways.

The locational pull on new refineries to the Gulf Coast also

included the low cost of natural gas there as compared to the East

Coast, This was important because gas was used as a source of

hydrogen, an important ingredient in several refining processes, as

well as a refinery fuel, The Gulf Coast had also become a favored

location for the petrochemical industry, a major purchaser of certain

refinery products. Not to be overlooked was the tendency of an

industry to locate in an area where like industries were already
33established.

As can be seen from Table 8, Melamid found seaboard loca-

tions, like market locations, between 1920 and 1950 to have gained at

the expense of field locations. Since United States seaboard refineries

could no longer be considered as export refineries, and since the

Gulf Coast area had been gaining in population and industry, the

distinction between them and market refineries was becoming ever

less clear. It is apparent, though, that both these and other market

33 As an industrial area expands and intensifies, its locational advan-
tage increases. Transportation facilities improve, population
grows, and support services multiply. This cumulative process of
location in proximity to other industrial plants is often termed
agglomeration or aggregation (Weber, 1957; Ullman, 1956).
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locations were still gaining at the expense of the field locations. An

overall view of the location of United States refineries as of January

1, 1940, and January 1, 1973, is shown in Figure 7. The pattern that

these present was the result of a great many locational decisions

made over a period of time. As can be seen they were not uniformly

distributed but rather show marked geographical concentrations.

Number and Capacity of Refineries
by Refining District

Refinery locations when viewed on a regional basis34 are

unevenly distributed through space and show considerable but uneven

change through time. Regional variations are found to exist in

refinery number, size, total capacity, and the rate of change of

these variables.

Number. The number of refineries in most districts declined

during the period under consideration, There were only two excep-

tions: Arkansas-Louisiana Inland, which had remained rather con-

stant through time, and the Louisiana Gulf which had shown substan-

tial increase. In 1940, the latter district had very few refineries

and its growth in number reflected both its seaboard location and a

response to the considerable growth of offshore production.

34The Bureau of Mines refining districts are the units used for
regional comparison.



aJanuary 1, 1940

Figure Location of United States Petroleum Refineries, a

alncludes both operable
and shutdown.



Alaska
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Figure 7. (Continued)

January 1, 1973

alncludes both operable and shutdown.

Source: Based on data in U. S.
Bureau of Mines
(1940d, 1973o).



35This correlation has a significance at the 1 percent level.
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The regions experiencing the greatest decline in refinery

number were those that had a large number of small field ref ireries

in 1940. When a rank correlation was performed, utilizing the

average 1940-refinery size per district and the percent of change in

the number of refineries per district between 1940 and 1973, the

correlation was significant (75)5 When the correlation was per-

formed, omitting the Arkansas-Louisiana Inland district (because it,

contrary to the rest of the country, had shown almost no change in

refinery number or capacity through time), the correlation became

even higher (.85).

Performing the same correlation using the average 1973-

refinery size and again the percentage of change between 1940 and

1973, one finds the relationship continues to ex.st (level o correi.a-

tion .51; but it is .84 when Arkansas-Louisiana Inland was excluded).

Therefore, one might project future reductions in refinery numbers

would likely occur in the same districts that had been losing.

Capacity. During the period l940-l97Z, all districts experienced

a positive growth in refining capacity. This growth, however, ranged

from lows of 43 percent for the Texas Inland, 51 percent for the

Appalachian, and 60 percent for the Arkansas-Louisiana Inland

districts, to a high of 1, 155 percent for the Louisiana Gulf Coast

district.
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A partial explanation for such variance can be found in the

overall decline in importance of field and the increase in importance

of seaboard and market as refinery locations, as previously dis-

cussed. This, however, does not explain variations when they occur

between adjacent regions, which basically furnish the same type of

refinery locations, such as the Louisiana and Texas Gulf Coasts.

Here the explanation lies in an absolute capacity increase for the two

regions as well as percentage of change, From 1940-1972 Louisiana

Gulf capacity increased 1, 672, 450 barrels per day and Texas Gulf

capacity increased 2, 056, 000. The Texas Gulf growth rate for the

period under consideration, however, is much lower as it already had

substantial refining capacity prior to 1940. This is also true of

several other regions, especially the West Coast. The ranking of

the regions according to increase in refining capacity is shown in

Table 9.

The number and capacity of refineries by refining districts and

the percentage of change from 1940-1973 for each is shown in Table

10. It is apparent that some regions have had marked changes a.nd

others have had only slight change, and that the changes in number

and total capacity do not correlate. 36

36A correlation of . 3 indicates that there is no significant relationship
between the two trends (based on Spearman rank correlation).



Table 9. Refining capacity increase from 1940 to 1973 by
refining districts.

C

1 Texas Gulf Coast

2 Indiana-Illinois-Kentucky

3 Louisiana Gulf Coast

4 West Coast

5 East Coast

6 Oklahoma-Kansas-Missouri

7 Rocky Mountain

8 Minnesota-Wisconsin-North and
South Dakotab

9 Texas Inland

10 Appa1achian'

11 Arkansas-Louisiana Inland

2,055, 900

1, 906, 900

1,672,450

1, 270, 090

766, 400

544, 245

.378, 282

136, 815

134, 563

83, 620

63, 350
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aRocky Mountain and New Mexico districts considered together because
they were one district in 1940.

bFrom 1956 to 1973 only.

Appalachian 1 and 2 considered together because they were one
district in 1940,

Source: Calculated from U.S. Bureau of Mines (1940d, l973o).

Amount of increase
Rank (barrels)



Table 10. Numbera, capacityb, and percent of change of United States refineries, by refining districts, 1940-1973.

Refinery
districts

East Coast
Appalachian No. 1
Appalachian No. 2
Indiana-Illinois-Kentucky
Minnesota-Wisconsin-

North & South Dakota
Okia1oma-Kansas-Missouri
Texas Inland
Texas Gulf Coast
Louisiana Gulf Coast
Arkansas-Louisiana Inland
New Mexico
Rocky Mountain
West Coast

Total United States

EastCoast
Appalachian No. 1
Appalachian No. 2
Indiana-Illinois-Kentucky
Minnesota-Wisconsin-

North & South Dakota
Oklahoma-Kansas-Missouri
Texas Inland
Texas Gulf Coast
Louisiana Gulf Coast
Arkansas-Louisiana Inland
New Mexico
Rocky Mountain
West Coast

Total United States
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Source: Calculated from U.S. Bureau of Mines (l940d, lP4Sg, 1950h,

alncludes operating and shutdown refineries.

bThroughput capacity for crude oil distillation, barrels per day.

°Data as of January 1, each year.

dRefining districts aligned differently (Minnesota and Wisconsin in Indiana-Illinois-Kentucky; North and South Dakota, and Nebraska in
Rocky Mountain).

e5,blication of refining data suspended from 1942-1946. Capacity data published in 1948.

Percent of change from 1960 to 1972 only. Minnesota-Wisconsin-North and South Dakota refining district established in 1936.

1950 1955 1960

no. capacity no. capacity no. capacity

22 992, 450 23 1,263,300 26 1,500,140
21 119,750 15 114,990 13 117,240

3 70,000 3 94,500 4 116,000
66 1,156,825 63 1,514,100 57 1,801,179

- - 10 133,385

47 532,800 43 755,100 31 821,880
41 264,400 32 294,450 32 401,100
26 1,615,250 25 1,979,000 27 2,230,720
11 467,000 12 686,000 10 769,500
14 83,850 16 106,900 16 138,000
9 18,000 7 22,650 7 33,380

48 237,075 39 294,340 33 332,300
59 1,138,900 48 1,295,300 44 1,506,600

367 6,696,300 326 8,420,630 310 9,901,424

1973 %Change, 1940-1973
no. capacity no. of refineries capacity

17 1,415,700 - 29 + 118
13 187,620

61 + 51
60,0001

44 2,596,550 - 45 + 277

7 270,200 - 30
26 966,640 - 56 + 129
22 448,138 - 78 + 43

24 3, 121,700 - 20 + 193
16 1,817,300 +129 +1155

20 169,500 + 18 + 60

7

31

49, 400
66 + 280

464, 178
49 2, 207,700 - 42 + 135

277 13, 774,646 - 49 + 198

1955i, 19601, l965o, 1970o, i973o).

1940d 1945e

no. capacity no. capacity

24 649, 300 801, 360

36
124,089

164,
60,500

80 689, 650 874,222

- -
59 422, 395 432,595
98 313,595 270,650
30 1,065,800 1,228,400
7 144, 850 276,900

17 106, 150 102,100
13,650

111 135 296
149,437

85 937, 610 967,250

547 4,628,644 413 5,301, 153

1965 1970
no. capacity no. capacity

26 1,549,800 19 1,357,400
13 124,240 13 151,820
4 124,000 2 74,000

53 1,808,514 45 2,055,S68

8 178,500 7 227,300
30 868, 880 29 944,643
28 395, 265 24 431, 242
28 2,424,750 27 2,851,300
11 1,056,750 15 1,380,100
17 152,450 19 176,000
7 34, 475 6 42,840

33 398, 650 30 441, 360
42 1,658,321 45 1,938,750

300 10,774,595 281 12,074,323
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Size-Categories. The shift toward larger, more economical

scale of refinery operation is a clearly established trend. It has not,

however, proceeded at the same rate in all districts. To isolate

such differences, the refineries for each refining district were

grouped by size categories for the years 1940 and 1973 (Table 11).

This grouping revealed that in the smallest refinery category (under

10, 000 barrels per day) only two regions did not experience decline.

These were the Arkansas-Louisiana Inland district which remained

constant and the Louisiana Gulf district which had a gain of one.

Elsewhere, there was a decrease of 337 of these small refineries

during this period.

In the medium-sized refinery category (10, 000 to 50, 000 barrels

per day), overall refinery numbers remained rather constant. The

only notable changes were substantial gains in the Rocky Mountain and

moderate losses in the East Coast and Texas Gulf Coast districts.

For the large refinery category (50, 000 to 100, 000 barrels per

day), there was a total gain of 31. This gain occurred rather evenly

distributed among the districts, with most districts increasing by

2 to 5 refineries. Only two districts, Arkansas-Louisiana Inland and

Rocky Mountain, have no refineries of this size.

For the very large refineries (over 100, 000 barrels per day),

there was an overall gain of 33. This increase occurred in the East

Coast (from 1 to 5), Indiana-Illinois-Kentucky (from 0 to 11), Texas



Table 11. U.s. refineries by capacity groups, as of January 1, 1940 and January 1, 1973.

Source: Based on data in U.S. Bureau of Mines (1940d, l973o).
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Refining districts
and states

No. of
refineries

C apacity (barrels/day)
less than
10,000

10,000-
59,,000

50,000- more than
100,000 100,000

1940

East Coast 24 9 11 3 1

Appalachian (1 and 2) 36 30 6 0 0

Indiana-Illinois-Kentucky 80 62 17 1 0

Oklahoma-Kansas-Missouri 59 44 15 0 0

Texas Inland 98 93 5 0 0

Texas Gulf Coast 30 7 16 3 4

Louisiana Gulf Coast 7 4 2 1 0

Arkansas-Louisiana Inland 17 14 3 0 0

Rocky Mountain (New Mexico) 111 110 1 0 0

West Coast 85 66 13 4 2

Total 547 439 89 12 7

1973

East Coast 17 3 4 5 5

Appalachian No. 1 13 9 3 1 0

Appalachian No. 2 1 0 0 1 0

Indiana-Illinois-Kentucky 44 15 13 5 11

Minnesota-Wisconsin-North
and South Dakota 7 2 3 2 0

Oklahoma-Kansas-Missouri 26 6 13 5 2

Texas Inland 22 11 8 3 0

Texas Gulf Coast 24 4 1 10 9

Louisiana Gulf Coast 16 5 2 3 6

Arkansas-Louisiana Inland 20 14 6 0 0

NewMexico 7 5 2 0 0

Rocky Mountain 31 16 15 0 0

West Coast 49 _.i. _?!. .-_.

Total 277 103 91 43 40
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Gulf (from 4 to 9), Louisiana Gulf (from 0 to 6), West Coast (from 2

to 7), and Oklahoma-Kansas--Missouri (from 0 to 2). These very

large refineries are for the most part situated to take advantage of

water transportation and large metropolitan markets.

Index of Localization. To measure the degree to which the

petroleum refining capacity in the United States is concentr3ted by

refining districts and to determine if there has been significant

change in localization through time, indexes of localization were

37 -calculated for 1940 and 1973. The percentage of refining capacity

located in each refining district in 1940 and in 1973 is shown in

Table 12. There has been little change in the rank order through

time except for the substantial growth of the Louisiana Gulf district

and the reversal of second and third place between the West Coast

and Indiana-Illinois-Kentucky. Accumulated rank data were plotted

38 -on a Lorenz curve and the index numbers obtained were 42 for 1940

37 Calculation was accomplished by the following steps:
The percentage of total United States refining capacity possessed
by each district was determined;
the districts were then ranked in descending order and the
percentages accumulated;
the accumulated percentages were plotted on the graph with
x-axis representing the refining districts, and the y_axis
the percentage of refining capacity;
the extent of localization was determined by measuring the
area below the curve.

38Such indexes use the principle of the Lorenz curve and measure the
variance from the diagonal line. If the plotted data followed the
diagonal line, this would indicate an even distribution; conversely,
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Source: Calculated from U.S. Bureau of Mines (l940d, l973o).

Table 12. Percent of refining capacity by refining districts, 1940
and 1973.

Refining district 1940 1973

Texas Gulf Coast 23 23

West Coast 20 16

Indiana-Illinois-Kentucky 15 19

East Coast 14 10

Oklahoma-Kansas-Missouri 9 7

Texas Inland 7 3

Appalachian 4 2

Louisiana Gulf Coast 3 13

Rocky Mountain 3 4

Arkansas-Louisiana Inland 2 1

Minnesota-Wisconsin -North
and South Dakota a 2

aNO a refining district until 1956.
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and 45 for 1973. This indicates that the refining capacity is mode-

rately well distributed among the refining districts, and has experi-

enced very little change through this time period.

Refinery Product Mix through Time: United
States as a Whole

Production of petroleum products is complex in that the products

are jointly produced. This means not only that more than one end

product is produced, but that because of the existence of a common

raw material (crude petroleum), the production of any one end pro-

duct has an effect iipon the production of others. The relationship is

in effect a substitutive one, wherein if the production of one is

increased, the production of others tends to decrease.

As one would expect, the tendency is to intensify production of

the more profitable products at the expense of the less profitable

ones as much as possible within the constraints of technology and

market. The market aspect will be discussed more fully in a later

if the curve followed the outer margin there would be total concen-
tration, or in this instance, all refining capacity would be in one
district. It is possible for the resultant index numbers (percent of
the area which lies between the curve and the diagonal line) to
range from 0 to 100, with the lower the index number the greater
the decentralization, and the higher the index number the greater
the concentration. Discussions on the use of Lorenz curves in
analysis of industrial location can be found in many sources includ-
ing: Isard, 1960; Yeates, 1968; Smith, 1947; and Hoover, 1936.
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section. Suffice it to say here that historically low prices on residual

fuel oils39 in the United States have resulted in the conversion of

more and more of the heavy fraction into lighter products, usually as

soon as the technology becomes available.

Figure 8 shows the average yield of end products produced from

a barrel of crude in United States refineries and how this has varied

through time, The most significant features of the change are the

larger percentage processed into lighter products, particularly

distillates, and the rather constant decline in the residual fuel output.

Refining Processes

Petroleum refining is essentially a manufacturing industry

using crude petroleum as its principal raw material to make numer-

ous petroleum products. Crude petroleums are liquid mixtures of

many carbon-containing chemical compounds which, in refining, are

first separated into several groups of varying molecular size known

as cuts or fractions. The chemical compositions of some of these

fractions are then altered by changing the average molecular size,

molecular shape, or molecular structure. Further processing may

consist of treating to remove impurities (especially sulfur), blending

39For many years, residual fuel has sold at prices lower than the
cost of crude oil. See p. 212 for price data.
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to meet specifications for finished products, and adding substances

(additives) to improve product performance.

It is not within the scope of this study to analyze or even to give

a detailed description of how the modern refinery operates, but only

to briefly discuss some basic concepts of the refining processes

which are deemed essential to an understanding of the sections that

follow. Greater attention will be. directed toward those processes

that most directly influence the output of residual fuel oil.

The principal refining processes and the total United States

installed capacity of each type for the years 1940 through 1972 are

shown in Table 13. This table also indicates the time at which the

newer refining processes first came into commercial use and it

gives an indication as to how rapidly they were adopted by the industry.

The first step in refining is distillation, a fundamental process

common to all refineries. It consists essentially of heating crude oil

to vaporize it, then injecting the vapors into a fractionating tower

where they are drawn off at various levels, and condensed back to

liquid form. The lightest material is drawn off the top and the

40heaviest, at the bottom. Thus, the crude oil is physically separated

40The bottom cuts (residues) in the boiling range of 1100°F and up
are the sources of residual fuel oil, when blended with gas oils;
and are also sources of asphalts or waxes. For a discussion of the
fractions obtained from the distillation of crude oil, see Uhi.
(1967).



Table 13. United States refininga capacity by major type of process (thousands of barrels per Stream day) (as of january 1 each year).

Source "Survey of Operating Refineries in the U.S., as of Jan. 1"; Oil and Gas Journal, Annual Refining Issue, 1940-1973.

aOperating refineries only.

Date
Distillation Thermal operations Catalytic processes Octane improvement processes

Atmospheric Vacuum Cracking Coking Visbreaking
Naphtha
reforming

Cracking
Hydrogen

Reforming treating
Hydro-

cracking
Alky-
lation

Polymer-
ization

Isomer-
ization

1940 4873 251 2149 78 49 224 151 63

1941 4967 263 2061 79 50 248 169 65

1942 5218 303 2056 73 52 292 209 0 73

1943 5160 299 1847 67 52 346 258 iS 72

1944 5580 363 1875 84 56 337 575 39 78

1945 5580 458 1825 89 56 373 977 61 84

1946 3566 502 1831 100 lii 312 1053 67 78

1947 5683 568 1802 108 131 318 1154 74 74

1948 6284 660 1904 126 163 352 1320 0 88 73

1949 6859 734 1962 144 199 377 1578 28 103 75

1950 6884 778 1838 158 220 379 1707 69 117 83

1951 7402 933 1799 185 266 400 1984 104 141 89

1952 7697 985 1693 208 326 408 2294 192 154 100

1953 8094 1028 1570 243 380 421 2771 297 170 102

1954 8437 1212 1401 295 464 422 2830 249 0 194 104

1955 8639 2065 1191 363 562 397 3281 569 117 236 126

1956 8958 2393 985 421 655 358 3709 924 433 263 142

1957 9569 2624 833 489 718 325 3989 1248 879 273 144

1958 9704 2841 689 495 708 281 4246 1533 1343 310 i47 0

1959 10154 3167 660 498 711 244 4568 1853 1713 370 144 27

1960 10361 3317 622 477 694 197 4799 1913 1941 0 407 148 51

1961 10500 3476 794 482 453 127 4930 1963 2204 1 425 150 51

1962 10594 3668 710 516 405 105 4157 2022 2358 3 464 143 61

1963 10456 3584 675 555 392 81 5444 1987 2537 18 489 135 61

1964 10725 3752 630 540 399 76 5609 2047 2749 72 504 135 61

1965 10762 3764 582 584 390 46 5561 2064 2930 106 530 129 69

1966 10721 3763 512 622 473 39 5493 2081 3096 201 550 120 81

1967 10952 3887 459 626 469 50 5603 2187 3333 252 595 lii 85

1968 11658 4085 488 650 457 44 5780 2385 3657 406 647 95 86

1969 12079 4119 443 722 370 18 5805 2539 3767 496 670 b 253

1970 12651 4547 386 849 299 33 5859 2776 4053 603 749 286

1971 13285 4741 254 908 274 13 5968 2885 4345 732 775 306

1972 13709 4852 216 977 265 13 5831 3169 4894 839 822 293

1973 13992 5151 226 906 237 13 5562 3278 5236 865 815 335

bPolymerization data no longer given in the Oil and Gas journal annual refining survey.



41For a discussion of thermal refining processes, including coking,
see Bell (1959), Unzelman and Wolf (1967), Schmidt (1969), and
Rose (1971).

60

into cuts or fractions that have different condensation temperatures.

This process is termed straight-run, because the products come

directly or straight from the crude (Schmidt, 1969).

Frequently two separate fracttonating towers are used; one

operates at or near atmospheric pressure, and the second, below

atmospheric pressure. Operating at low pressure, termed Hvacuum

distillation, significantly lowers the boiling point of the components

without decomposition (U.S. Bureau of Mines,. 1960j; Gilmartin,

1972). The feedstock for the vacuum still is generally the reduced

crude obtained from the straight-run process (Schmidt, 1969).

In most cases, the separated fractions resulting from the

distillation process are given further processing and treatment before

being marketed as finished products. These additional operations are

collectively termed downstream" processes and may consist of a

wide variety of thermal, catalytic, solvent, and miscellaneous

processes.

The thermal refining processes4' are those which decompose,

rearrange, or combine the hydrocarbon molecules by the use of heat

without the aid of a catalyst. These processes include thermal
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cracking, coking, visbreaking, and naphtha reforming. Cracking,

visbreaking, and coking are all capable of reducing residual fuel

output. Most thermal processes, other than coking, reached their

peak in the 1950's or earlier and then declined in importance, as

catalytic operations came into wide use.

As technical knowledge increased, it was found that refining

processes performed in the presence of a catalyst43 yielded the

desired products in larger quantities of higher quality. Of the catalytic

processes, catalytic cracking has become one of the most important

and certainly the one that most directly affects the percentage yields

and make-up of residual fuel. It is a method of converting heavy high-

boiling hydrocarbons to lighter lower-boiling components. A newer

(early 1960 's) type of catalytic cracking termed hydrocracking is a

dual process consisting of both hydrogen treating and cracking

reactions. Hydrocracking can be used to completely eliminate
44residual fuel output.

42Visbreaking is a mild thermal cracking process employed to reduce
the viscosity and lower the boiling range and pour point of heavy
residual stocks (Unzelman and Wolf, 1967).

43A catalyst is a substance capable of accelerating or retarding a
chemical action without entering into the reaction itself. There are
many catalysts used in petroleum refining. Typical examples used
for catalytic cracking include: natural clays, manufactured silica-
alumina and silica-magnesia clays, and more recently, synthetic
aluminum-silicate zeolites (Knight and Peniston-Bird, 1973).

44For a discussion of catalytic and hydrocracking, see National
Petroleum Council (1967), Unzelman and Wolf (1967), Scott and
Bridge (1971), Knight and Peniston-Bird (1973), andWardetal.
(1973).



Changes in Technology that Influence Output

Technological advances have had a major impact on the refining

industry in the past 30 years. During that time there has been a

rapid growth in the demand for gasoline and distillates. This demand

has been met both through greater refining capacity and through new

processes for converting an ever larger part of the heavy fractions

into lighter products. Many of the newer processes utilize catalysts

which allow greater flexibiLity and greater efficiency than the thermal

operations commonly in use prior to World War II. Much research

during this period has been directed toward the development of better

catalysts that have a higher degree of activity, that are more selec-

tive, and that have a longer operating life.

The quality of refined products has steadily improved through

the use of more precise refining techniques and also through the wide

use of finishing, treating, and blending procedures. Greater

emphasis has been placed on consolidation of refining operations,

automation, improved maintenance, and other practices aimed at the

conservation of heat and raw materials and greater overall economy

(National Petroleum Council, 1967).

62

45According to UhI (1967), about 85 percent of the finished products
are now the result of chemical change rather than just physical
separation of the crude oil.
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Most of the technological advances made in refining in the last

30 to 40 years can be viewed as a result of needs to improve the

quality and quantity of gasoline. 46

To obtain the increased quantity of gasoline demanded, greater

attention has been directed toward conversion of heavy residues into

the lighter products. This has in turn had a marked effect on both the

quantity and quality of the residual fuel produced.

Figure 9 shows the percentage yield of residual oil from 1940

through 1972. As can be seen, there was a slight rise from 1940 to

1943 and then a general decline through 1970 with a very slight rise

(6.5 to 6.8 percent) from 1970 to 1972.

In the early days of the refining industry, the crude oil pro-

cessed was not subjected to very high temperatures or pressures and

the residual produced had not undergone drastic changes, With the

advent of thermal cracking in 1913, however, the make-up of residual

fuel changed markedly47 and the yield per barrel decreased

46During this period gasoline has been changed from a relatively
simple mixture of largely unprocessed stock, with a few additives
for improved octane (the most common additive for octane improve-
ment has been tetraethyl lead) and storage stability to the highly
complex product we have today. Today's gasoline is processed,
treated, blended, and has chemical additives not only for octane
improvement and stability, but also to clean the carburetor, reduce
carbon deposits, prevent corrosion, reduce sparkplug fouiJng, give
quick starts, minimize evaporation, and optimize performance both
seasonally and geographically (National Petroleum Council, 1967).

47cracking produces extensive changes in both chemical composition
and physical properties.
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48The average U. S. yield of residual oU. per barrel of crude refined
decreased from 31.5 percent in 1930 to 6.8 percent in 1972.

49Sludge is a general term used to include: emulsions of heavy fuel
and water, organic precipitates, oxidation products, heavy chemi-
cal components, and even dirt and rust,
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appreciably. Residual fuel consisted mainly of the tars from the

cracking operation combined with small amounts of straight-reduced

crude (Orr and Van Sant, 1960).

Since World War II, there has been a steady increase in the use

of catalytic cracking, and this has even more dramatically affected

the make-up of residual fuel as well as further reducing its per -

centage yield, 48 As more and more of the high-boiling materials

were able to be utilized as catalytic-cracking feedstocks, the

remaining oils used as residual fuel became heavier and heavier!

Thus viscosity was the one single characteristic to suffer the greatest

change. For most end uses the residual became too highly viscous to

use without cutting and/or visbreaking. Even with such reductions,

residuals today are more viscous than formerly.

In the last few years, a considerable number of fuel oil addi-

tives have been developed. Their purposes are to reduce fuel oil

sludge, prevent tube deposits, lessen high-temperature corrosion,

and increase combustion efficiency. Some of these additives are

single purpose and others are multifunctional (National Petroleum

Council, 1967). Taken as a group, their effectiveness has not always



50This grade was deleted and No. 2 specifications substituted in
1948.

Residual fuel, is an extremely variab1e product. Differences in

its characteristics are dependent upon many factors such as: type of

crude, refining processes employed, types and proportions of blending

stocks, kind and amount of additives, and even methods of handling.

The American Society for Testing and Materials (ASTM, 1972)

has prepared standards for six grades of fuel oil. Grades No. 1 and

2 are the distillate fuels used for home heating and light industrial

uses. These fuels are capable of vaporizing at relatively low tem-

peratures (300-600°F) and at atmospheric pressures. There presently

is no Grade No. 350 Grade No. 4 is the class of more viscous

distillates and/or distillate and residual mixes. This grade is
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been satisfactory and they do involve additional expenditures. The

subject of fuel oil treatment has become quite controversial and will

probably remain so for some time. Generally, it has not been con-

sidered economically practicable to improve the quality of resid,ial

fuels much beyond the quality inherent in the blending stocks, and

most of the advances in residual fuel oil technology since 1945 have

been in its use rather than in oLl quality (National Petroleum Council,

1967).

Nature of Residual Fuel Oil



intended for use without preheating, Grade No. 5 is separated into

light and heavy and together with Grade No. 6 is commonly termed

residual fuel oil. 51 When the term residual fuel oil is used in this

study, it is considered to include ASTM Grades No. 5 and 6 only.

These fuels are generally used for large commercial, industrial, and

marine installations and preheating is almost always required for

handling and for burning. A summary of the ASTM standards for

residual fuel is presented in Table 14.

Flash Point

When fuels are heated, vapors are produced and it is these

vapors which burn. The temperature that must be attained before an

external flame can ignite (cause to flash) such vapors is called the

flash point, and the temperature at which a sustained burning (not just

a flash) occcLrs is called the fire point. The reason for specifying a

minimum flash point is for safety in storage.

Pour Point

51

The minimum temperature at which an oil will flow i termed
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Residual has at times been applied to everything from Grade No. 5

to high-melting asphalts. However, the very heavy viscous resi-
dues, acid sludge, and asphalts when used as a fuel are normally
burned at the refinery, primarily as a means of disposal and are
seldom if ever sold in the open market.



Table 14, Summary of ASTM standards for grade no, 5 and
no, 6 fuel oils,

Requirement

Flash point, °F
minimum

Pour point, °F
maximum

Water and sediments,
% by volume - maximum

Ash, % by weight
max imum

Saybolt viscosity, sec.
Universal at 100°F

minimum 150 350

maximum 300 750

Furol at 122°F
45minimum - -

300maximum - -

Gravity, °API
minimum

Sulfur, %
maximum Legal requirements to be met

No.5 No.6
(light) (heavy)

130 or 130 or 150

legal legal

1.0 1.0 2.0

0.1 0.1

Gradea

68

aGrade No. 5 (light): preheating may be required depending on climate
and equipment. Grade No. 5 (heavy): preheating may be required
for burning and, in cold climates, perheating may be required for
handling. Grade No. 6: preheating required for burning and hand-
ling. According to Schmidt (1969), oils with a visco$ity above
300 seconds Saybolt Universal at 100°F always require preheating.

Source: ASTM, 1972.
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its pour point. The significance with respect to residual fuels is

considerable as they normally require heating to make them pumpable

and to prevent line clogging in cold weather. Even though no pour

point maximum is required for No. 5 and No. 6 fuels, it may be, and

often is, specified by agreement between purchaser and seller.

Water and Sediments

Water and sediments are often present in residual fuel in

amounts ranging from about 0.2 to 2.0 percent. Such contaminants

occur naturally as components of crude oil and refining concentrates

them in residual fuel. These contaminants are likely to remain

suspended in the residual because of its low API gravity and high

viscosity. The principal reason for having maximum limits speciied

is to keep such contaminants within acceptable limits for atomizing

burners.

Ash

Both inorganic and organic noncombustible impurities may be

present in the residual fuel oil and result, after burning, in a residue

termed ash. The percentage of ash generally is small, especially in

residual produced from domestic crude,
52 3nd Schmidt (1969) pointed

52Residual fuels obtained from certain foreign crudes, especially
Venezuelan and Caribbean, contain a much higher ash content than
U. S. domestic due primarily to high-metal content.



out that in properly refined oils the ash content will be much lower

than the maximum allowed,

Viscosity

Viscosity is a measure of an oilts resistance to flow and this

characteristic is measured with a viscosimeter. The type commonly

used in the United States is the Saybolt of which there are two

varieties, the Universal and the Furol. With either type, the

viscosity of the oil is determined by the length of time, in seconds,

that is required for a specified amount of oil, at a specified tern-
54

perature, to flow through a standardized outlet tube.

Viscosity is often considered to be the single most important

specification for residual fuel; it must be low enough for the fuel to

be pumpable. Where this is not the case, the residual fuel is htcutH

(blended) with distillates. These lower viscosity cutter stocks are

53The only differences between them are the size of the opening
at the bottom of the outlet tube through which the oil flows to be
measured and in the temperature at which the tests are run,
The most frequently used temperatures are 100°F for the
Universal and 122°F for the Furol.

54A typical viscosity reading might be 425 SSU at 100°F; which
means it took 425 seconds for the specified amount of oil, at
100°F, to run through the Saybolt Universal viscosimeter.

70
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of higher value and the proportion in which they are used is normally

kept as low as possible.

Gravity

The gravity (density) of a fuel oil does not by itself indicate oil

quality. It is, however, an important measure of the heating value of

an oil. As fuel oils are typically purchased on a volume basis, a

heavier oil (more weight per barrel) would have more heating

potential.

As previously discussed, the gravity scale used by the oil

industry is termed API gravity, and contrary to specific gravity, a

heavy oil will have a lower reading. Gravity minimums are specified

for the lighter distillates but not for residual fuels. Since fuel oils

are used primarily to produce heat, the gravity limit where specified

is an attempt to insure minimum Btu heat content, the variability of

which can be more significant in the lighter distillate fuels.

Sulfur Content

Sulfur and sulfur compounds constitute by far the most significant

55With present day residuals it is usually necessary to add 20 to 40
percent light oils to make a salable product (Schmidt, 1969). A few
consumers, such as steel mills (for use as open hearth fuel) have
facilities that can handle heavy residuals without being blended.
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contaminants6 in residual fuel oil in which they tend to concentrate

during refining The sulfur content of the crude oil runs to stills does

not bear a direct relationship to the sulfur content of the residual as

many variables in the refining process enter in and a crude of 0.3

percent sulfur may concentrate into a residual of from 1.5 to 2.0

percent or even over 3.0 percent sulfur (U. S. Bureau of Mines,

1971q). In no case will the sulfur content of the residual be less than

that of the crude, unless some type of desulfurization process is

used. 57

There is no uniform specification for sulfur maximums in

residual fuel, but the adoption of strict anti-pollution regulations in a

number of localities has forced consumers to purchase residual with

specified sulfur limits. The local fuel oil sulfur regulations for a

number of locations are given in Table 15.

56Sulfur is an undesirable component for several reasons, including:
1) sulfur dioxide constitutes a major air pollution problem; 2) heat
of combustion of sulfur is only 4, 000 Btu per pound so that high
sulfur fuels have lower heat values- -on the order of 150 Btu per
pound for each 1 percent sulfur (Pope, 1973); 3) sulfur causes
corrosion problems when combusted; and 4) sulfur is a particular
problem in furnaces in which the flame is in direct contact with the
material being processed, such as metallurgical, glass, and
ceramics industries. Sulfur picked up can result in brittle steel,
blisters and bubbles in glass, and poor glaze finishes in ceramic
products (Pope, 1973).

57According to Schmidt (1969), 70 to 80 percent of the sulfur in the
crude ends up in the distillate and residual fractions. In 1968,
these together accounted for about 30 percent of each barrel
refined.



Table 15. Local fuel oil sulfur regulations.
a

Sulfur (by weight %) Sulfur (by weight %)
Location Location

1970 1971 1972 1973 1974 1975 1970 1971 1972 1973 1974 1975

Connecticut
Delaware
Florida: Dade &

Duval Co.
Maryland:

ex Washington area
Washington area

Massachusetts:
ex Boston
Boston 1.0

New Hampshire
New Jersey 0.5
New York:

ex New York City
New York City:

Power plants
Federal installations
Allother 1.0

North Carolina
Pennsylvania:

Philadelphia 1.0 1.0 0.5

PAD! PAD II

1.0 Illinois:
1.0 Chicago:

Power plants 1.0
1.0 Industrial 1.0

Heating 1.0
1.0 Federal installations 0.6

1 0 0.5 Minnesota:
Minnesota & St. Paul 2. 0

1.0 Missouri:
0.5 St. Louis 2. 0

1.0 North Dakota 2. 7

0. 3 Ohio:
Cincinnati 1. 25

- 3. 0 Cleveland 1.0
Toledo 1.0

1.0 Tennessee:
0. 3 Chattanooga 2.0
0.37 Nashville 2.0
1.0 PAD IV

Montana 3.6 2.7 1.8

Source: Buckingham and Homan, l971;Gilmartin, 1972; Watkins, Parker, and Pharis, 1973.
aThS table is put in better perspective when one compares current regulations to the actual fuel consumed in 1956, when nearly all the residual fuel
burned in New York City contained over 2.5% sulfur (U. S. Bureau of Mines, l963n). A Pace Company survey of the average sulfur content of
domestically produced residual fuels was as follows: 1950 - 1. 18%; 1955 - 1. 44%; 1960 - 1. 55%, and 1965 - 1.47% (Pace Company, 1967). The
sulfur content of many imported residuals is even higher. In 1967 the average sulfur content of imported Venezuelan residual was 2. 65% ('Sulfur
Removal to Hit Venezuela Hard," 1967).

Allegheny County 1.5 PAD V

Virginia: California:
Washington area ------ 1.0 Los Angeles 0.5

Vermont ... 2.2 1.5 1.5 1.0 1.0 Monterey 0.5
Washington, D.C. 1.0 Nevada:

Washoe County 1.0
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Sulfur content of residual fuels can be lowered in two ways:

1) directly, or 2) indirectly. With the indirect approach, vacuum gas

oils are desulfurized to 0.2 or 0. 3 percent sulfur or lower and are

then blended with residual to meet the specifications. With direct

desulfurization, the residual fuel itself is desulfurized. 58 No

refineries in the United States were utilizing the direct desulfurization

method as of early 1972, 59 (U. S. Bureau of Mines, l97lq; 'TPetro-

leum Refineries, 1972), but a number were blending to achieve

sulfur reductions.

Other Standards for Residuel Fuel Oil

Even though ASTM Standards have been promulgated as

commercial standards by the Department of Commerce (and are

generally considered to cover basic requirements of residual fuel

According to Buckingham and Homan (1971), either approach is
expensive, costing in 1968, about 80 cents per barrel to reduce the
sulfur from 2.6 to 0.5 percent. Harnett (1972) stated that the pro-
cessing costs are lower for the indirect methods but that they suffer
from the disadvantage of a lower overall sulfur reduction potential.
Desulfurization processes are described in many recent articles
including: Taylor (1973); Kaiser, Heifrey,, and Vaell (1973);
Mosbyetal. (1973); and Watkins, Parker, and Pharis (1973).

59Several facilities for desul.furizing fuel oil have been built in
Japan and one in the Caribbean, Imports into the United States
from the Caribbean help meet the requirements in some areas
with extremely stringent air quality laws (Harnett, 1972).



0Navy specifications include several tests, such as thermal
stability and explosiveness, that are not standardized by
ASTM.

75

oil), they are not the only standards that have come into use.

Specifications (including identical test limits to those of ASTM) have

been issued as Federal Specifications covering Fuel Oil, Burner.

On the Pacific Coast, the accepted standards for fuel oil are the so-

called Pacific Specifications, which include two grades of distillate

oils, P. 5. 100 and P. S. 200, corresponding generally to ASTM

Grade No. 1 and No, 2; and two grades of residual oils, P.S. 300 and

P.S. 400, corresponding generally to ASTM Grade No. 5 and No. 6.

The Navy, which utilizes considerable quantities of fuel oil, has

set different requirements. These are issued as Navy Residual Fuel

Oil Specifications and cover two grades called Navy. Special and

Heavy. Navy Special is intended for use in steam-powered vessels

of the Navy and Heavy grade for use in other steam-powered vessels

in government service and for shore plants. Both grades have lower

viscosity requirements than ASTM No, 6 and have more restrictive

specifications. 60 For most other marine uses a heavy bunker fuel

known as Bunker ?TCTT is generally used. It corresponds to ASTM

Grade No, 6 fuel oil,



Geographical Variation in the Percentage Yield of
Residual Fuel per Barrel of Crude Processed

The percentage of residual fuel produced from refinery feed-

stock, if viewed on a national level, shows a decline from 1945

through 1970 with a slight increase to 1972. If, however, the same

statistics are analyzed on a regional basis, marked variations as

well as major deviations from the national average become apparent.

The East Coast refining district, while following the same

general trend as the national, has for most years produced a slightly

greater percentage of residual, This was especially true from 1940

through 1960, when its residual yield ranged from 1.7 to 4.2 percent

greater than the national average.

Appalachian No. 1 refining district has shown ery little

change through time. In 1945, 11. 6 percent of its crude oil became

residual and in 1972 it was 11.4 percent. Thus, while the national

average was declining, this district was experiencing only minor

fluctuations. As a result, when it is compared with the national

average it is found to be far below from 1940 through 1955, almost

equal in 1960, and above for the more recent years. Appalachian

No. 2 has at times produced a greater percentage of residual fuel

than the average and at other times produced less. All of the varia-

tions have been less than 3 percent.
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The Indiana-Illinois-Kentucky refining district from 1940 to

1955 produced consistently less residual than the average but since

then has been almost exactly the same as the nation as a whole. The

Minnesota-Wisconsin-North and South Dakota refining district has,

since its establishment in 1956, consistently produced a percentage

of residual in excess of the national average, but only by a maximum

of 4 percent.

Four refining districts: Oklahoma_Kansas-Missouri,

Texas Inland, Texas Gulf, and Louisiana Gulf have consistently

produced a smaller percentage yield of residual fuel oil per barrel of

crude than the national average. The greatest deviation as well as

the smallest percentage yield was achieved in the Oklahoma-Kansas-

Missouri district which in 1965 produced 1. 3 percent (compared to

8. 1 percent nationally).

The Arkansas-Louisiana Inland district in 1940 and again in

1972 exceeded the average in terms of percentage yield of residual,

but for the intervening years, this district was consistently below the

national average. The New Mexico district since 1955 has produced

a lesser percentage yield of residual than the average. Prior to that

time it exceeded the average. The Rocky Mountain most nearly

paralleled national trends in its percentage yield of residual fuel. Its

greatest deviation was 1. 5 percent in 1965, but for all other years it

was within 1 percent of the average.
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The West Coast district far exceeded all other districts in the

percentage of residual it produced per barrel of crude refined. In

1945, 47. 5 percent of the crude oil on the West Coast went into resid-

ual fuel and though this percentage had declined considerably, it

still exceeded the national average by over 10 percent in 1972.

The percentage yield of residual for each refining district is

shown in Figure 10; the deviation of each district from the national

average is shown in Table 16. The trend towards a general reduc-

tion in the percentage yield of residual fuel oil can be explained in

terms of economics and available technology. Residual fuel oils,

being low in value, have been held to the minimum level possible. 61

This, however, does not explain the wide regional variations in

the percent of residual produced. A partial explanation can be

obtained by referring back to Figure 5 and Table 5 showing the source

of crude for each district. Although it is theoretically possible to

obtain any desired end product mix from any given crude, it is

neither technically possible nor economically feasible to do so on a

major scale. Thus, the product mix tends to vary considerably with

the crude oil processed. For example, a typical California crude

61 The declining rate of refinery production of residual fuel oil is
pointed to as a major achievement by the oil companies and accord-
ing to Stormont (1970) and Rose (1971), the industry concensus is
that the residual fuel will reach a national yield level of about
3.5 percent by 1980.
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Mexico data not given
separately until 1941.
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Table 16. Percentage yield of residual and the deviation from the national average by refining

districts, 1940-1972.

Source: Calculated from U.S. Bureau of Mines (1940-1972e).
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1940 1945 1950 1955 1960 1965 1970 1972

U. S. Average yield
of residual 24.4 27.3 20.3 15.4 11.3 8.1 6.5 6.8

East Coast 26.1 31.2 23.0 19.6 13.6 8.1 7.3 7.3

+1.7 +3.9 +2.7 +4.2 +2.3 0 +0.8 +0.5

Appalachian No. 1 11.6 11.2 7.0 10.9 9.2 8.4 11.4

13.2 -15.7 -9.1 -8.4 -0.4 +1. 1 +1.9 +4.6

Appalachian No. 2 -11.224.4 21.9 13.7 12.2 8.6 8.5 8.8

-2.9 +1.6 -1.7 +0.9 +0.5 +2.0 +2.0

Indiana-Illinois-Kentucky 16.8 19.4 15.2 12.7 11.2 8.1 6.5 6.4
-7.6 -7.9 -5. 1 -2. 7 -0. 1 0 0 -0.4

Minnesota-Wisconsin- - - 14.7 12.1 9.6 8.4

North & South Dakota +3.4 +4.0 +3.1 +1.6

Okiahom a-Kanqs- 17.2 17.8 12. 3 5. 1 3. 2 1.3 1. 9 2. 1

Missouri -7.2 -9.5 -8.0 -10. 3 -8. 1 -6.8 -4.6 -4.7

Texaslnland 22.2 26.6 19.4 8.6 6.9 3.5 3.0 2.4
-2. 2 -0. 7 -0. 9 -6.8 -4. 4 -4. 6 -3.5 -4. 4

Texas Gulf 23. 3 22. 0 18. 1 13. 3 7. 4 4. 6 4. 1 3. 9

-1. 1 -5. 3 -2. 2 -2. 1 -3. 9 -3.5 -2.4 -2. 9

Louisiana Gulf 21.9 17. 2 12. 3 6. 8 6. 9 4. 2 3. 2 3. 2

-2.5-10. 1 -8.0 -8.6 -4. 4 -3.9 -3. 3 -3.6

Arkansas-Louisiana Inland 25. 3 22. 7 15. 6 6. 8 6. 1 6. 0 5. 5 9. 2

+0. 9 -4. 6 -4. 7 -8. 6 -5. 2 -2. 1 -1.0 +2.4

New Mexico 33. 9 24.8 13. 6 10. 4 3. 1 2.8 4.0
21. 9 +6.6 +4.5 -1.8 -0.9 -5.0 -3.7 -2.8

Rocky Mountain -2,5 28. 3 20.5 14. 7 11.0 9. 6 6.4 6. 3

+1.0 +0.2 -0.7 -0.3 +1.5 -0.1 -0.5

West Coast 41. 6 47.5 37.0 33. 7 24. 0 20.6 14. 7 16. 9

+17.2 +20.2 +16.7 +18. 3 +12.7 +12.5 +8.2 +10. 1
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(23.8°API), when processed by a simple topping refinery having only

a crude distillation unit and a catalytic reformer, might be expected

to produce the following product distribution: gasoline 14 percent,

light distillates 8 percent, residual fuel oil 76 percent, with a

2 percent operating loss, according to Bechtel (1964), Bechtel

further noted that with the addition of modern refining processes,

such as vacuum distillation and propane deasphalting, the heavy

bottom fraction of this California crude can be reduced to 14. 4 per-

cent. 62 On the other hand, crude oils produced in some regions, such

as the Mid-Continent (Kansas and Oklahoma) yielded a far greater

percentage of gasoline and other light products with a simple topping

operation and with further processing the residual fuel fraction from

this crude could be reduced to under 2 percent. In addition to

depending on the nature of the crude processed and the installed

capacity of the various refining processes, the residual fuel output

will vary in response to the supply and demand of the total product

mix, as well as to other economic factors,

It is interesting to note that the highest percentage yield of

residual fuel per barrel of crude processed occurs at the very

small refineries (under 5,000 barrels per day capacity). But, other

than this size group, there is no recognizable relationship between

62The heavy bottom fraction in this case has been reduced to an
asphalt material that is solid at ambient temperatures.



refinery size and residual yield. This would indicate that after a

minimum operational size (sufficient technology available), the

variability in yield is more closely tied to the type of crude pro-

cessed than to increased capacity. Table 17 presents a Bureau of

Mines estimate of the percentage production of residual fuel oil by

refinery size for January, 1971. Unfortunately, earlier data of the

same type are not available for comparative purposes.

Absolute Output of Residual Fuel
by Refining District

The absolute output of residual fuel oil by a refining district is

dependent not only on the total amount of crude being refined, but

also on the percentage yield of each barrel that becomes residual fuel.

Most districts have experienced such large reductions in their yield

of residual per barrel in the last 33 years that this has also caused a

reduction in their absolute output even though the crude runs to stills

have increased (Figure 11). Some districts such as East Coast,

Oklahoma-Kansas-Missouri, Texas Inland, and Texas Gulf have

experienced drastic reductions, Others such as Appalachian No. 2,

Arkansas-Louisiana Inland, New Mexico, and Rocky Mountain have

had moderate reductions.

In Indiana-Illinois-Kentucky and Minnesota-Wisconsin--North

and South Dakota, the output has remained rather constant,for as the

83



Table 17. Estimated production of residual fuel oil ranked by refinery size, January, 1971.

Crude oil
capacity

(b/d)

No. of
refiner i e 5

Distillation
(barrels!

da )

Cracking
(barrels/

day)

Residual
shipments

(b/d)

Residual
yield

(%)

More than 200, 000 12 3,404, 300 1,619, 080 280,452 8 2

150, 000-190, 000 7 1, 148, 300 665, 990 88, 355 7.7

100, 000-149, 000 13 1,589, 100 837, 440 112, 935 7. 1

75,000-99,000 17 1,439,500 724,350 141,355 9.8

50, 000-74, 999 23 1, 382, 800 684, 275 149, 065 108

25,000-49,999 51 1,859,000 869,772 131,419 7.1

10,000-24, 999 43 704,833 279,067 58,516 8.3

5,000-9, 999 29 189, 150 27, 000 18, 323 9.7

Less than 5, 000 88 160, 410 33, 170 58,839 36.5

Total 283 11,877,393 5,740, 144 1,039,259 8.8

Source: U.S. Bureau of Mines (1971q).
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Figure 11. (Continued)
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percentage per barrel declined, the difference was made up by ever

greater crude runs, Appalachian No, 1 appears to be similar but the

cause in this case is the result of a relatively stable percentage yield

of residual.

The West Coast has experienced fluctuations in its absolute

output of residual fuel, After every major technological advance

which allowed substantial reduction in the percentage yield of

residual there was a decline in residual production until such a time

as refining capacity increased to more than offset it.

Only the Louisiana Gulf district had a major increase in

absolute output of residual. This amounted to an almost doubling of

residual output even though the percentage yield dropped from

21.9 percent to 3.2 percent. The explanation lies in the fact that

this region had very little refining capacity in 1940 and had a con-

siderable amount by 1972. Table 18 presents the refining districts

production of residual fuel, and also includes the percentage yield of

residual per barrel of crude for comparative purposes.

Relative Importance of Each Refining District to the
Total United States Production of Residual Fuel Oil

The geographical distribution of residual fuel production can

be determined by calculating the percentage of the total United States



24.4 27.3 20.3 15.4 11.3 8.1 6.5 6.8

Source: Calculated from U.S. Bureau of Mines (1940-l972e). bRefinery districts underwent alignment change in 1941.
ayield calculated on crude oil runs per district and residual Foduced. cWest Coast includes Alaska and Hawaii beginning in 1960.

'-0

b
Appalachian No. 1

b
AppalachianNo. 2

26.1 31.2
4,158
11.6

23.0
3,924
11.2
5,532
21.9

19.6
2,509
7.0

4,767
13.7

13.6
3,844
10.9
4,485
12.2

8.1
3,713
9.2

3,166
8.6

7.3
4,409
8.4

1,868
8.5

7.3
6,709
11.4
1,730
8.8

6,350
13.2 4,994

24.4
Indiana-Illinois-Kentucky 37,817 53,494 57,674 63,421 60,369 48,391 47,586 50,219

16.8 19.4 15. 2 12.7 11.2 8. 1 6.5 6.4
Minnesota-Wisconsin- - - - 6,532 6,749 7,023 7,016

North & South Dakota 14.7 12. 1 9.6 8.4
Oklahoma-Kansas-Missouri 19,787 24764 21,824 12,413 8,486 3,519 6,362 6,883

17.2 17.8 12.3 5.1 3.2 1.3 1.9 2,1

Texaslnland 13,703 22,491 14,810 7,919 7,417 4,109 4,308 3,608

22.2 26.6 19.4 8.6 6.9 3.5 3.0 2,4
TexasGuif 78,850 88,577 86,589 88,977 51,212 35,481 36,925 37,682

23.3 22.0 18.1 13.3 7.4 4.6 4.1 3.9

Louisiana Gulf 9,887 17,062 21,053 16,376 16,784 14,072 16,599 18,695

21.9 17.2 12.3 6.8 6.9 4.2 3.2 3.2
Arkansas-Louisiana Inland 6, 279 6, 331 4,064 2, 257 2,403 2,748 3, 101 4,428

b
New Mexico

25.3 22.7
1,512

15.6
1,230

6.8
1,057

6.1
881

6.0
360

5.5
409

9.2
634

bRockyMountain
6,603
21.9

33. 9 24. 8
13,833

13. 6
13,632

10.4
11,505

3. 1
11,593

2. 8
9,100

4.0
9,15211,741

28.3 20.5 14.7 11.0 9.6 6.4 6.3

WestCoast' 83,693 148,976 118,590 130,805 102,543 102,597 90,170 114,890

41.6 47.5 37.0 33,7 24.0 20.6 14.7 16.9

Total United States 316,221 469,492 425,217 420,331 332,147 268,567 257,510 292,519

Table 18. Production of residual fuel and yielda per barrel of crude, by refining districts, 1940-1972 (thousands of barrels and percent).

District 1940 1945 1950 1955 1960 1965 1970 1972

EastCoast 53,252 85,352 76,094 76,198 55,686 32,069 30,650 30,873
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production contributed by each district. 63 When this is done for the

years 1940-1972, the changes that have occurred in each district's

relative importance become apparent (Table 19).

When the districts were ranked according to their percentage

share, the West Coast was found to consistently contribute the

greatest percentage, The second, third, and fourth ranked districts

(East Coast, Indiana-Illinois-Kentucky and Texas Gulf) were found to

change relative positions through time; however, the same four

districts were consistently the leaders and account or approximately

80 percent of the total. Figure 12 presents the relative importance

of each refining district to the total production of residual.

A somewhat different perspective can be obtained by charting

together the percentage of total crude processed and the percentage

of total residual produced of a given district (Figure 13). Where the

bars are of equal height for a given year, the residual produced was

exactly at the national level, such as is true for the Indiana-Illinois-

Kentucky district in 1960, 1965, and 1970. Most districts for most

years have a considerable variance between the percentage of crude

refined and that of residual produced.

63Such percentages are a relative measure or comparison of each
district's importance to all others and i should be recognized that
it is quite possible for a percentage share to decrease at the same
time the absolute amount is increasing and vice versa.



Table 19. Refining district share of total U.S. production of residual fuel, 1940-1972 (thousands of barrels and percent).

Source: Calculated from U.S. Bureau of Mines (l940-l972e).

EastCoast 53,252 85,352 76,094 76,198 55,686 32,069 30,650 30,873
16.8 18.2 17.9 IS. 1 16.8 11. 9 11. 9 10.6

AppalachianNo. 1 ....., 4,158 3,924 2,509 3,844 3,713 4,409 6,709
6,3501 0.9 0.9 0.6 1.2 1.4 1.7 2.3

Appalachian No. 2 2..QJ 4,994 5,532 4,767 4,485 3, 166 1,868 1,730
1.1 1.3 1.1 1.4 1.2 0.7 0.6

100 100 100 100 100 100 100 100

Indiana-Illinois-Kentucky 37,817 53,494 57,674 63,421 60,369 48,391 47,586 50,219
12.0 11.4 13.6 15.1 18.2 18.0 18.5 17.2

Minnesota-Wisconsin- - - - 6,532 6, 749 7, 023 7,016
North & South Dakota 2. 0 2. 5 2. 7 2. 4

Oklahoma-Kansas-Missouri 19,787 24,764 21,824 12,413 8,486 3,519 6,362 6,883
6.3 5.3 5.1 3.0 2.6 1.3 2.5 2.4

Texaslnland 13,703 22,491 14,810 7,919 7,417 4,109 4,308 3,608
4.3 4.8 3.5 1.9 2.2 1.5 1.7 1.2

TexasGulf 78,850 88,577 86,589 88,977 51,212 35,481 36,925 37,682
24.9 18.9 20.4 21.2 15.4 13.2 14.3 12.9

Louisiana Gulf 9,887 17,062 21,053 16,376 16,784 14,072 15,599 18,695
3.1 3.6 5.0 3.9 5.1 5.2 6.1 6.4

Arkansas-Louisiana Inland 6,279 6, 331 4,061 2,257 2,403 2,748 3, 101 4,428
2.0 1.3 1.0 0.5 0.7 1.0 1.2 1.5

New Mexico 1,512 1,230 1,057 881 360 409 634
6603 0.3 0.3 0.3 0. 3 0. 1 0. 2 0. 2

RockyMountain 2.1 11,741 13,833 13,632 11,505 11,593 9,100 9,152
2.5 3. 3 3. 2 3. 5 4. 3 3.5 3. 1

WestCoast 83,693 148,976 118,590 130,805 102,543 102,597 90,170 114,890
26.5 31.7 27.9 31.1 30.9 38.2 35.0 39.3

Total United States 316,211 469,492 425,217 420,331 332,147 268,567 257,510 292,519

District 1940 1945 1950 1955 1960 1965 1970 1972
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Shift Ratios

In order to better compare the rates of increase or decrease

in the production of residual fuel between the districts through time,

shift ratios6 were computed. The shift ratio was determined by

finding the change in the production of residual fuel for each district

from 1940 to 1972. This change was then compared to the expected

change the district would have experienced had it increased or

decreased at the national rate. This relative shift was then calcu-

lated by taking the net shift as a percentage of the change the district

would have experienced had it changed at the same rate as the nation

as a whole (Table 20 and Figure 14).

Where the district's rate of decrease was faster than the

national average, as in the Texas Gulf, Texas Inland, Oklahoma-

Kansas-Missouri, and East Coast, the districts have lost relatively.

Where the rate of decrease has been slower than the national, such as

in the Indiana-Illinois-Kentucky, Appalachian, Louisiana, Gulf, Rocky

Mountain, and West Coast, the districts have gained relatively.

The shift ratio of 0. 28 for the Texas Inland district indicated

that its production of residual fuel between 1940 and 1972 had declined

much more rapidly than the national rate and thus its production was

96

6Studies utilizing the shift ratio technique or analyses include:
Fuchs (1959), Perloffetal., 1960), and Isard (1960).



Table 20. Calculations of relative shift data for the production of residual fuel by refining districts
from 1940 to 1972.

Refinery
districts

Rate of change
1972

0. 93
1940

Relative
shift
B/C

Source: Calculated from U.S. Bureau of Mines (1940c, 1972c).
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East Coast 53, 252 30, 873 49,524 -22, 379 0.62

Appalachian No. 1 6, 709
6, 3 5,906 + 2,089 1.43

Appalachian No. 2 1,730

Indiana-Illinois-Kentucky 37,817 50,219 35, 170 +12, 402 1.43

Minnesota-Wisconsin-
North & South Dakota 7, 016 + 7,016

Oklahoma-Kansas-Missouri 19,787 6,883 18,402 -12,904 0.37

Texas Inland 13,703 3,608 12,744 -10,095 0.28

Texas Gulf 78,850 37, 682 73, 331 -41, 168 0.51

Louisiana Gulf 9,887 18,695 9,195 + 8,808 2.03

Arkansas-Louisiana Inland 6,279 4,428 5,839 - 1,851 0.76

New Mexico 634
6, 6J 6, 141 + 3, 183 1.59

Rocky Mountain 9, 152

WestCoast 83,693 114,890 77,834 +31,197 1.48

U. S. total observed production of residual
thousand barrels)

1940 =316,221 1972 292,519
A. Observed B. Observed C. Expected Net

prod. prod. prod. shift
A' Rt B-A)



0.93

Figure 14. Relative Shift of Production of Residual Fuel from 1940 to 1972.

aN a refinery until 1956. Source: Calculated from U.S. Bureau of Minçs (1940e, 1972e).



99

only 28 percent of what would have been anticipated based on the

national rate, whereas, the West Coast1s 1,48 indicated that its rate

of decline was much slower than would have been expected and it had

148 percent of what would have been anticipated.

Summary

Between 1940 and 1972, the total crude oil runs to stills in the

United States increased from 1,294, 162, 000 barrels to 4,281, 634, 000

barrels. During this period the total amount of residual fuel pro-

duced declined from 316, 221, 000 barrels to 292, 517, 000 barrels.

This represented a change from an average residual yield of 24.4

percent per barrel of crude refined down to 6. 8 percent.

The reason for this decline can be foind in the fact that

residual fuel oil has consistently been a low value product and its

yield has generally been held to the minimum level possible within the

constraints of technology and the type of crude processed. In the

period following World War II there was a rapid growth in the demand

for gasoline and distillates and this was met through increased

refining capacity and by utilization of processes to convert an ever

larger quantity of the heavy fraction to lighter products. The thermal

refining processes that were common before the war largely gave

way to the more efficient and versatile catalytic processes. Vacttum

distillation, hydrogen treating, deasphalting, and the redesign of the
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coking process were also used to lessen the residual fuel output.

Accompanying the decrease in percentage yield of residual was a

decline in residual quality, particularly increased viscosity and

greater sulfur content,

The trend in refineries during the period under study has been

toward ever fewer in number (547 to 277), and ever larger in

capacity (average size 8, 462 to 49, 728 barrels per day). In terms

of refinery location there has been a shift away from a field orienta-

tion toward a market and/or seaboard location. The greatest growth

in capacity has occurred in the Gulf Coast regions of Texas and

Louisiana, but considerable increase has also occurred in the

Indiaia- Illinois-Kentucky district.

Regional variations in percentage yield of residual reflect

principally the nature of the crude processed. The West Coast has

consistently been the highest and the Oklahoma-Kansas-Missouri and

Texas Inland have consistently been among the lowest. The range in

1972 was from 2. 1 percent.to 16.9 percent. Very small refineries

also were found to have a higher than average yield of residual.

In terms of absolute output of residual fuel the West Coast is

also the leader producing between 26.5 percent (1940) and 39.3

percent (1972) of the United States total. This is a position it has

held throughout the study period. The second, third, and fourth

positions have shifted among the Indiana-Illinois-Kentucky, Texas
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Gulf, and East Coast districts through time. The four leading

districts, however, accounted for approximately 80 percent ofU. S.

production.

Shift ratios were computed to compare district changes in

residual production with the national average. On the basis of these,

it was found that the Texas Gulf, Texas Inland, Oklahoma-KanSa5-

Missouri, and East Coast districts have decreased faster than the

national average, whereas the Indiana_Illinois_Kentucky, Appala-

chian, Louisiana Gulf, Rocky Mountain, and West Coast have

decreased more slowly than the national average.

Residual fuel transportation, marketing, and pricing, as well

as the impact of imports on availability and price will be discussed

in succeeding chapters.



III. TRANSPORTATION, MARKETING, AND PRICING
OF RESIDUAL FUEL OIL

Transportation of Residual Fuel

The areal difference between production and consumption

requires movement of the commodity. In the case of residual fuel,

like many other relatively low-value products, the transportation

costs represent a substantial portion of the total cost and thus have

considerable bearing upon its competitive position.

Residual fuel is less fluid than most other petroleum products

or crude and is rarely moved very far by pipeline. Its modes of

conveyance are truck, railroad tank car, barge, and ocean tanker.

The method used generally is determined by location, distance, and

the cost of transport by the various carriers.

Trucks have the greatest flexibility and the fastest delivery

service, but are economical only over distances less than 100-200

miles. One big advantage of truck transport for residual is ehat the

supplier heats the oil at the point of shipment to facilitate pumping.

The oil remains warm enough so that on arrival it is easily dis-

charged, thus saving on unloading equipment, labor, and time. When

residuals are moved by railroad tank car, the oil must be heated

until it becomes liquid enough to pump and such heating is costly and

time-consuming. To facilitate this process the cars are generally

102
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fitted with pipe coils for steam heating and some are also thermally

insulated (UhI, 1967).

Water transportation by tanker or barge is generally less

expensive per unit mile than land transport. However, to benefit

from such lower transportation costs requires, in addition to a

location on or near a suitable waterfront, that the volume utilized be

large and that sufficient storage be available. Schmidt (1969) stated

that for the supplier's transportation costs to be greatly reduced

required shipments ranging from 300, 000 gallons in barges to

1, 500, 000 gallons by tanker.

Barge shipment in the United States is possible on approxi-

mately 25, 000 miles of navigable inland waterways, exclusive of the

Great Lakes, and such transport represents an important part of the

residual fuel movement, In 1965, the total barge movement of

residual fuel was 23, 772, 975, 000 barrel-miles (calculated from

U. S. Bureau of Mines, l969p). In recent years, barges, like all

modes of transportation, have increased their unit capacity for bulk

cargo and their speed. By so doing, they have driven down the unit

cost through the economies of scale. The maximum size of the tows,

however, is rigidly fixed by the chamber size of the locks and the

draft of the barges is likewise controlled by water channel depth

(American Waterways Operators, 1965). Individual barges range in

capacity from 1, 000 to 3, 000 tons (19, 000 barrels) and the average
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tow boat will push multi-unit tows of 15, 000 to 25, 000 tons. Whereas,

25 years ago the average speeds were 3 to 4 miles per hour, by 1967

upstream speeds of 5 to 8 miles per hour with maximum load were

common (National Petroleum Council, 1967).

The fact that residual fuel oil must be heated before pumping is

oie factor in placing barges at a disadvantage when compared with

tankers for coastal transport. Tankers have boiler facilities that can

generally accomplish the heating process before arrival at the dis-

charge port, whereas barges generally do not have heating equip-

ment. This must be done by the consumer t considerable expendi-

ture of time and money upon receipt of the oil (Schmidt, 1969).

Other factors favoring tankers for coastal transport include greater

capacity (the United States flag tanker fleet averages 30, 000 dwt

(Gibson, 1972) ) and especially, greater speed.

The cost of transporting oil showed great variation. A study by

Hittman Associates (1972) noted that costs may range from one cent

per barrel per 100 miles for long-haul tankers to 45 cents per barrel

per 100 miles for short hauls by rail. Colwell (1969) presented the

following comparative cost figures:

Relative costs - Pipeline costs = 1

Mode Cost Index

6Cargo deadweight for oil is about 6.7 barreLs per ton.

65

Pipeline 1,0
Large ocean tanker 0,5-0.8
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For interdistrict movement of residual fuel within the United

States, it was found that where a choice existed between land and

water methods, the latter was generally used (Table 21), One notable

exception was the large amount of overland transport into PAD

District I in 1942. This typified the World War II years when tankers

were in short supply and there was fear of enemy attack in coastal

waters.

Marketing Methods

Residual fuel oil was generally sold directly from the large

refiners to large industrial accounts or government agencies. Such

sales might be handled either through marketing divisions or, in a

few cases, affiliates, Smaller producers generally distributed fuel

oil through brokers or jobbers. The same marketing pattern applied

to imported residual fuel, Sales, whether by producer, importer, or

jobber, were commonly made under contract for a specified time

period, providing either for delivery of fixed quantities during the life

of the contract or for amounts that could be varied according to the

requirements of the purchaser. In some contracts, prices were

Mode Cost Index

Conventional ocean tanker 0,8 - 1.4
Barge 1.0 3.0
Railroad 4.0 - 8.0
Motor truck 6.0 8.0



PAD District III
1942 - X - - - X - X

1950 - - X X - - X

1960 X - X 1,095 X

1970 X - - - X - - X

PAD District IV
1942 - X - - X - X -
1950 - X - - - X - - X 365

1960 - X X - X -
1970 X - X - X

PAD District V
1942 - - X - X X

1950 - - - X - X - - X

1960 - X - - X 365 X

1970 5 X - - X - X

aData from the Interstate Commerce Commission differ somewhat. It is based CSource: U.S. Bureau of Mines (1942b and l970b;
API, no date, fOr 1950 and 1960. on 1 percent sample of way bills for carload traffic terminated by Class I Railroads.

Table 21. Interdistrict shipment of residual fuel oil, 1942, 1950, 1960, 1970 (thousands of barrels).

From:
PAD District

Tanker and ocean barge River barge
Railroad tank cara and

tank truck

I II Ill IV V I II III IV V I II III IV V

To:
PAD District I

1942 X 2,233 27,149 - X 230 937 X 14,740 23,058 - -
1950 X 59,130 15,330 X 1,095 2,920 - X 365 - -
1960 X 1,095 50,005 5,830 X 2,190 731 - - X - - -
1970 X 377 28,514 - - X 833 190 - X - - -

PAD District II
1942 X X - X - -
1950 X - - - X 2,555 X 3,650 365

1960 X X 3,650 - - X 1,095 730

1970 - X - - X 7,785 - X - -



66The product was usually offered in two grades (No. 5 and No. 6)
based on viscosity, but within each grade there was little differ-
entiation except on the basis of sulfur contenL
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fixed, while in others, they were tied to current market prices (spot

prices) of residual or crude (Colwell, 1969),

Discussions of oil prices were generally in terms of posted

prices and they often were not representative of the terms at which

oil was transferred or traded, A "posted price" is a statement of

the price at which a buyer or seller of oil is ready to do business

with all corners prepared to buy in the quantity specified. Such

posting is ordinarily done by the refiners. Long term contracts

might be set at posted prices less a given percentage discount

(Fjartshorn, 1962),

Buyers for large scale consuming businesses buy on specifica-

tions and generally are experts who know the state of the market as

well as the seller does. The market is competitive. Despite the

strong and continuing oil industry effort to establish brand recognition

and differentiation for retail consumers, the wholesale level market

operates on a commodity basis ("Petroleum Refineries, " 1972).

The residual fuel market could be summarized as a small

number of well informed buyers, buying in large quantity on contract

for uses such as utilities, vessels, and industry, to fulfill demand

for power, heat, and transportation. As there was little, if any,

product differentiation66 and substitute fuels were available for most
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end uses, there was a fa.r degree of price elasticity (Cassady, 1954;

Mayer, 1959; Hartshorn, 1962).

Relative Prices of Competitive Fuels

Profits from gasoline and other light distillates have, for most

of the period between 1940 and 1970, been sufficiently high to make

the opportunity cost of residual fuel too high to warrant production

beyond bare minimums. This meant, in effect, that any increased

output of residual spelled a decrease in profit and, conversely, any

reduction meant greater profit. Thus the steady decline in the per-

centage of residual produced was predictable on an economic basis.

Also, the residual fuel market was quite eiastic;6 in the majority of

cases, where residual fuel was a potential source of energy, the

consumer could choose equipment designed to use residual fuel, coal,

natural gas, or a combination of two or more fuel types (Coiwell,

1969; Schmidt, 1969).68 Such a situation resulted in cross

The terms elastic and inelastic in an economic sense are used to
indicate the degree to which price controls demand. An elastic
market is one in which as price goes up, demand goes down. In an
inelastic market, demand remains rather constant regardless of
price. Elasticity is in large measure determined by the necessity
of the product and the availability of feasible substitutes.

In the short run, many consumers might be restricted to one type of
fuel by installed equipment or long term fuel contracts. In 1965,
according to the tJ5. Federal Power Commission (1966), about
30 percent of the utility plants listed were equipped to shift to one
or two other fuels. Some large industrial users were similarly
equipped.

67

68



elasticity and price then became a major determinant of

demand.

Price Indexes
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To compare the relative costs of different fuels was difficult

when the prices were given in the customary units in which the fuels

were purchased (tons of coal, barrels of oil, cubic feet of natural gas).

Index numbers, however, based or the price of such units, were

extremely useful in showing the relative price behavior through time.

Price indexes were derived by selection of a base year (or years),

which was assumed to have the value of 100. The index for other

years was then calcu1ated by determining the relationship between it

and the base year. Price indexes for residual fuel and its major

competitors, coal and natural gas, are given in Table 22. Also shown

are the wholesale price indexes for all commodities and for crude

petroleum for comparative purposes. This index shows that after

te removal of wartime controls there was a general increase in the

price of most commodities and between 1945 and 1955 the wholesale

price index for all commodities increased about 60 percent. During

this period the average price of crude oil and natural gas more than

doubled. Coal and residual fuel prices increased 47 percent and

90 percent respectively. After further advances in 1956 and 1957,

crude oil prices declined somewhat and then remained rather constant



Table 22. Wholesale price indexes for residual fuel oil, coal, natural gas, crude oil, and all commodities (1967 = 100).

Year
Crude Residual
oil fuela Coal

Natural All
gas1' commodities Year

Crude Residual
oil fuela Coal

Natural All
gash commodities

Source: All but residual based on data from U.S. Bureau of Labor statistics (1970-1972); Standard and Poor (1940-1969).

aResidual index derived from the average of No. 6 prices in New York harbor, Chicago, New Orleans, and Bunker "C" in San Pedro.

blncludes liquified petroleum gas.

cDecember index; yearly average not available.

1972 113.8 157.4 193.8 114. 1 119. 1 1955 92.4 96.4 82. 3 61.6 87.8

1971 113.2 161.5 181.8 108.0 113.9 1954 92.3 87.9 83.4 60.6 92.3

1970 106. 1 123.5 150.3 103.6 110.4 1953 89.7 84.6 88.5 57.8 87.4

1969 105.2 101.6 112.5 93.3 106.5 1952 83.6 86.6 85.4 49.9 88.6

1968 100.8 100.4 103.7 91.3 102.5 1951 83.6 94.3 85.1 47.5 91.1

1967 100.0 100.0 100.0 100.0 100.0 1950 83.2 84.2 83.3 41.8 81.8

1066 98.9 101.6 95.5 96.7 99.8 1949 83.2 70.0 83.1 78.7

1965 98. 2 101.6 93.4 92.8 96.6 1948 84. 3 105. 3 83. 3 82. 8

1964 98. 3 102.8 93.8 90. 7 94.7 1947 62.6 76. 1 69. 1 76.5

1963 98.7 105.3 93.8 91.8 94.5 1946 56.7 56.9 62.3

1962 99. 1 106. 9 93.7 89. 2 94.8 1945 50.6 52.8 54. 6

1961 98.9 105.7 94.6 88.8 94.5 1944 50.0 51.5 53.6

1960 98.6 102.8 95.6 87.2 94.9 1943 51.8 49.3 53.3

1959 99. 2 100. 4 96. 2 82. 9 94. 8 1942 44.5 46. 7 50. 9

1958 102.6 105.3 96.5 76.1 94.6 1941 40.5 44.5 45.1

1957 102.4 124.7 97.6
72.S 93.3 1940 41.3 41.9 40.5

1956 92.9 107.7 89.8 65.9 90.7
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in the period from 1959 to 1966, only to climb again to a high of

$3.39 in 1971 and 1972. Natural gas prices continued to increase all

through the 1950's and up to 1962, after which they leveled off until

1967, when they began to increase again, reaching a high in 1972 of

18. 6 cents per million cubic feet, Coal and residual prices fluctu-

ated from 1955 until 1969; then both experienced marked price

increases in 1970 and 1971. Residual fuel, once a byproduct of the

refining industry that had typically sold at prices lower than the cost

of crude, now became a prime product as 1970 prices reached $3.60

a barrel at New York Harbor and $4. 41 a barrel in Chicago. Many

refiners began adjusting production to take short-term advantage of

those higher market prices.

Price per Btu

Relative fuel prices can also be compared by calculating cost

in terms of a common measure of their heat content, the British

thermal unit (Btu), One Btu is the amount of heat required to raise

one pound of water one degree Fahrenheit, By using the heat value in

Btu of the standard unit in which the fuel is normally marketed and the

Natural gas producers are limited as to the price for which they
may sell in interstate commerce for resale, The Federal Power
Commission sets the ceiling prices. In 1965, price-controlled
interstate commerce comprised 61,3 percent of the total marketed
production (U.S. Federal Power Commission, 1966).
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sale price, it is possible to calculate the average cost per million Btu

for each fuel on a yearly basis, All heat values used in calculating

Btu equivalents were those used by the Bureau of Mines.
70 The cal-

culated prices per Btu for selected years are given in Table 23.

Table 23, Prices per Btu of residual, coal, and natural gas
(dollars per million Btu).

Source: Calculated from data in Platts' Oil Price Handbook and
Oilmanac, 1940-1972; and U.S. Bureau of Mines, 1940-1972b.

Efficiency

Another significant costfactor affecting the competitive position

of the several fuels was efficiency of utilization. Buyers were not

only interested in the Btu content of the fuel, but also in the relative

efficiency of equipment for burning each fuel, For example, utilities

70 U. S. Bureau of Mines, Mineral Industry Surveys, Petroleum State-
ment, Annual, gives the following Btu equivalent: residual -
6, 287, 000 Btu/barrel; bituminous coal - 26, 200, 000 Btu /short ton
prior to 1965; 25, 220, 000 in 1965; 25, 100, 000 in 1966; 24, 940, 000
in 1967; 24, 860, 000 in 1968; 24, 660, 000 in 1969; 24, 580, 000 in
1970; 23, 960, 000 in 1971 and 1972; and natural gas - 1, 035 Btu/cubic
foot prior to 1965; 1,032 in 1965 to 1968; 1, 031 in 1969 to 1972.

1940 1945 1950 1955 1960 1965 1970 1972

Residual 0.16 0.20 0.33 0.38 0.40 0.40 0.49 0.62

Bituminous 0.07 0.12 0.18 0.17 0.18 0.18 0.25 0.32

Naturalgas 0.04 0.05 0.06 0.10 0.14 0.15 0.17 0.18
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would be concerned with how many Btu were requ,.red from each fuel

to produce one kilowatt hour of electricity. A calculation of the

average amount of fuel required to produce one kilowatt hour of

electricity in 1965 was: 0.81 pounds of coal, 0.074 gallons of oil,

and 10. 5 cubic feet of natural gas (National Coal Association, 1966).

By 1974, the amounts were 0. 91 pounds of coal, 0.074 gallons of oil,

and 10.4 cubic feet of natural gas (National Coal Association, 1975).

Such figures were nationwide averages and no doubt varied widely with

the age and condition of plant facilities, technology employed, and the

physical state of the various fuels. These figures would seem to

indicate a greater efficiency for coal-burning equipment but the lead

was somewhat less than ten years earlier.

In making comparisons it should be noted that: 1) handling

costs might modify relative fuel costs; 2) government requirements,

such as pollution restrictions, might influence the decision, and

3) real costs of fuel were measured by individual consumers in a

given market area rather than on the basis of national averages.

Regional Price Variations

The United States is too big to be considered a single market for

residual fuel oil; rather, it is a series of regional markets. The

patterns of demand in these regional markets varied sharply. So

did the degree of competition from coal or natural gas. Few of these
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regional markets were self-sufficient, so imports and/or inter-

district movements of residual perform important roles, As would

be expected, price varied somewhat from one residual market area

to another but tended to follow the same upward or downward trends

through time. Table 24 shows the average posted prices for residual

fuel at four geographically separated markets.

Of these four areas, prices in New Orleans, Louisiana, and

San Pedro, California, both located near producing areas, were the

lowest and showed a marked degree of similarity. The greatest

variance between them was $0.49 a barrel in 1947, but for most years

it was less than $0. 10 a barrel and sometimes it was more expensive

in San Pedro and sometimes in New Orleans. New York Harbor prices

were consistently higher than New Orleans for Bunker C and for most

years for No. 5 and No, 6 as well. This price difference can be

explained in part by transportation costs, as virtually all of the New

York residual was coming in either from the Gulf Coast or from over-

seas. In some of the earlier years, the tanker rates for shipments

from New Orleans to New York just about equaled the difference

between the two areas average posted price, as can be seen in

Table 25. For most of the 1960's, residual fuel prices were approxi-

mately the same in both New York and New Orleans, as a larger per-

centage of New York's residual, was being produced from cheaper

foreign crudes.



Table 24. Average posted prices for residual fuel oil in the United States (dollars per barrel).

Year
New Orleans New York Harbor Chicago district San Pedro

a Bunker
No 5b c Bunker

No. 5 No. 6
C

. No. 6
C

No.
5b No.

Bunker
C

Source: Platt's Oil Price Handbook and Oilmanac (1940-1972), annual.

aNO sulfur guarantee; or with unspecified sulfur content.

bMaximuln, 1 percent sulfur (since May, 1970 for New York Harbr; since 1964 in Chicago).
cMaximum, 1 percent sulfur, beginning in 1969. Maximum, 0. 3 percent sulfur sold in 1971 and 1972
was priced at $4.87 and $4. 67, respectively.

na = not available
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1972

1971
1970

3.74
390d
304d

3. 23

258d

3. 45
3.53

65d

4. 10
4.51
3.62

4. 08
4.23
3.29

3. 45
368d

2.86

5.04
4.91
4.33

4.62
4.58
3.86

3.63
3.65
2.47

1969 2,83 2. 33 2. 22 2.83 2. 48 2. 28 3.89 3. 34 1.88

1968 2.83 2. 33 2. 22 2. 83 2. 33 2. 28 3. 87 3.33 1. 91

1967 2.83 2.33 2.23 2. 83 2. 33 2. 29 3.63 3. 18 2.05

1966 2. 83 2. 33 2. 19 2. 76 2. 33 2. 25 3.58 3. 16 2. 20

1965 2.83 2. 33 2. 19 2.76 2. 33 2.26 3.59 3. 18 2. 20

1964 2.83 2. 33 2. 19 2. 84 2. 33 2. 30 3. 63 3. 29 2. 20

1963 2.83 2. 33 2. 19 2. 85 2. 40 2. 30 3.78 3. 44 2. 24

1962 2.83 2. 33 2. 30 2. 85 2.51 2. 47 3. 76 3. 42 2. 29

1961 2.77 2. 33 2. 30 3.07 2. 65 2.52 3.52 3.27 2. 20

1960 2.69 2. 22 2. 19 2. 97 2.55 2. 45 3.60 3. 26 2. 13

1959 2.67 2. 13 2. 10 2. 92 2. 43 2. 38 3.69 3.25 2. 10

1958 2.81 2. 34 2. 31 3.03 2. 63 2.60 3.44 3.01 2.43
1957 3.25 2.75 2. 72 3.63 3. 14 3. 12 4.03 3.61 2. 83

1956 2.80 2. 26 2. 23 3. 27 2. 79 2. 76 3.76 3.40 2. 18

1955 2.65 2.14 2.11 2.97 2.50 2.48 3.40 3.04 1.83

1954 2.43 1.98 1.95 2.75 2.26 2.24 2.99 2.65 1.80

1953 2.28 1.83 1.80 2.68 2.17 2.16 2.83 2.55 1.79
1952 na 1.78 1.75 2.76 2.32 2.31 3.08 2.75 1.70
1951 na 1.88 1.85 2.74 2.36 2.32 3.55 3.29 1.78

1950 na 1.81 1.78 2. 43 2. 12 2.09 3.27 2.97 1. 41

1949 na 1.60 1.57 2.30 1.95 1.90 na na 1.64
1948 na 2.54 2.51 3.17 3.15 3.00 na na 2.11
1947 na 1.76 2.04 2.41 2.32 2.29 na na 1.55

1946 na 1.23 1.26 1.92 1.76 1.76 na na 1.22
1945 na 0.97 0.97 na 1.69 1.69 na na 1.10
1944 na 1.02 1.02 na 1.82 1.82 na na 1.10
1943 na 1.02 1.03 na 1.82 1,82 na na 0.99
1942 na 0.85 0.89 na 1.61 1.61 na na 0.85
1941 na na 0.87 na 1.34 1.34 na na 0.80
1940 na na 0.90 na 1.34 1.34 na na 0.82

d
Partial average.



Table 25. Tanker rates for residual fuel
oil from the Gulf Coast to New
York (cents per barrel).

Year Rate

Source: U.S. Bureau of Mines (1940-l965b);
"Statistical Section, " (1970).

A greater price separation was evidenced from 1970 on, due,

in large measure, to the imposition of sulfur limits on residual

coming into New York Harbor for sale as No. 5 or No. 6 Fuel Oil, 71

and also higher tanker rates. New Orleans residual had no sulfur

limit imposed.

Residual fuel prices (No. 6) in the Chicago area averaged about

$1.00 per barrel more than the New Orleans price. This was due, in

large measure, to transportation costs- -either of the residual or,

more often, of the crude prior to refining.
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71lmposition of sulfur limits on residual fuel No. 6 has resulted in a
considerable price gap between it and Bunker C, which is used for
vessels, and has no sulfur limits.

1970 86.9
1965 49.2
1960 30.5
1955 43.2
1950 41. 1
1945 43.8
1940 46.9



IV. IMPORTS AND EXPORTS OF RESIDUAL FUEL OIL

History of United States Oil Imports

American oil imports began in 1913 with the discovery of oil in

Mexico and by 1922 such imports reached 375, 000 barrels per day or

roughly Z5 percent of domestic production. After 1922 there was a

sharp decline in Mexican oil imports; however, this was partially

offset by imports from Venezuela.

During the late 19205 there was considerable oil exploration

in the United States which resulted in the discovery of large reserves.

This changed the United States position from one of shortage to one

of surplus, but production was inhibited by the imports. In order to

correct this situation, Congress, in 1932, enacted, for the first time,

a tax on imported oil. The import duty was $0.21 per barrel on

crude oil and residual fuel, and in excess of $1.00 per barrel on

lubricating oils and gasoline (U.S. Statutes at Large, Revenue Act

of 1932), These import duties did not prove as effective as desired in

restricting the volume of imports; in 1933 the government instituted

mandatory restrictions on the quantity imported using the authority

72In the period immediately following World War I, the belief was
widespread that the United States would eventually have to depend
on foreign sources for a large part of its oil needs and thus no
effort was made to restrict imports.
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granted by the National Industrial Recovery Act (U.S. Statutes at

Large, 1933).

This new policy resulted in a sharp reduction in the volume of

oil imported and between 1932 and 1939 imports never exceeded

745. 5 percent of domestic production. In 1939 oil import restrictions

were relaxed by a trade agreement with Venezuela; they were further

eased with an agreement with Mexico in 1942. These trade agree-

ments were made under the authority of the Reciprocal Trade Agree-

ments Program of 1934.

Oil Imports in the Post-World War II Period

In the early postwar period, imports rose rapidly and exports

leveled off so that by 1948 the United States had become a net importer

of petroleum. That same year also marked the beginning of oil

imports from the Middle East. After 1950 increased oil production in

other countries made an almost unlimited supply of low cost oil

available for import, Tariff levels were so low they did not furnish an
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73 During this period the imports were set at approximately 4. 5 per-
cent of 1932 domestic demand. Quotas ended in 1935, when authoriz-
ing legislation was declared unconstitutional by the Supreme Court.

4At this same time the United States had become a substantial
exporter with exports peaking at 211, 655 barrels of crude per day
in 1938 (6 percent of domestic production) (U. S. Bureau of Mines,
1938b).
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effective economic barrier to such imports. Refiners and distribu-

tors, particularly those along the East Coast, found it more profitable

to import foreign crude and/or finished products rather than utilize

domestic supplies. 76 This drove down prices and raised demands for

the physical control of imports.

The Byrd-Millikin TMnational security't provision (U. S. Statutes

at Large, Trade Agreements Extension Act of 1955) provided a means

for such limitations by authorizing the President, at his discretion, to

limit imports of any product being imported in a volume great enough

to Hthreaten to impair the national security. " Although enacted in

1955, this amendment was not invoked at that time to block oil

imports. Rather, in 1957, when demands for oil import controls grew

75Mouzon (1966) pointed out that the import tariff was an important
deterrent to imports when the price of crude was less than $1.00
per barrel but as the price of crude rose to $2. 53 per barrel by
1952 and the tax was reduced, it ceased to have any significance as
a deterrent (Supplement Agreement with Venezuela, October, 1952,
placed it at 10 1/2 cents per barrel of crude testing 25°API or more
and 5 1/4 cents for crude testing less than 25 API).

76 .In 1950, substantially all foreign oil available for import to the
United States was produced by seven major oil firms, five of which
were American (Standard Oil Company, New Jersey; Standard Oil
Company, California; Mobil Oil Corporation; Gulf Oil Corporation;
Texaco, Inc.; The Royal Dutch/Shell Group; and British Petroleum
Company, Ltd.). However, during the decade of the 1950's, over
200 firms went abroad in search of new sources of crude oil. Most
of these companies had no overseas markets; consequently, when
they did find oil they were forced to import it to recover their
investments (Manes, 1963; Williamson et al, , 1963).
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insistent, a voluntary program of import controls was put into effect

(U.S. Special Committee to Investigate Crude Oil Imports, 1957).

These controls applied to crude oil only and imports of finished

products increased rapidly. In a very short time there were

demands that the voluntary program be expanded and made mandatory

(Congressional Quarterly Service, 1965; U. S. Department of the

Interior, 1968).

In March,1959, the President (Presidential Proclamation 3279,

March 10, 1959), acting under the power granted by the Byrd-Millikin

provision, 78 placed mandatory import limits on both crude oil and

principal products including residual fuel oil.79 The following is a

summary of the import controls imposed.

77 Nash (1968, p. 206-207), in discussing the Eisenhower Administra-
tion's reluctance to use federal powers to curb the flow of foreign
oil into the United States, described its record as one of "hesita-
tion, straggling, and indecisiveness, " and referred to the Eisen-
hower years as "generally barren of accomplishment in the field of
national oil policies.

78The national security provisions had been reenacted in the Trade
Agreements Extension Act of 1958 (U.S. Statutes at Large,

79

1958 ).

The oil import control program has been cited as a major factor in
sustaining oil market prices in the United States by preventing the
import of unlimited quantities of low-cost foreign oil. In the U.S.
Department of the Interior report (1970), it was speculated that,
if there had been no import restrictions, by 1968 all domestic oil
supplies to the East Coast plus some others would have been
displaced by oil from overseas.
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Imports (excluding residual fuel oil) into PAD Districts I-IV

were limited to 9 percent of the total petroleum demand in

those districts.

Imports of residual fuel oil into Districts I-IV were limited to

the 1957 level, with the Secretary of the Interior authorized to

adjust the maximum level.

Imports into District V were limited to an amount which,

together with domestic supply, would approximate demand in the

district.

Overland imports (primarily by pipeline from Canada80) were

exempt from restrictions, with such imports into District V

being considered as domestic supply in determining restric-

tions on other imports (Presidential Proclamation 3279 of March

10, 1959, as amended by Presidential Proclamation 3290 of

April 30, 1959).

In addition to Canadian oil the overland exemption also applied to
imports from Mexico, but as Shaffer (1968) pointed out, Mexican
benefits from the exemption were more apparent than real. Due
to the fact that pipelines are the only economical means of trans.-
porting crude oil overland and the only pipeline connections to the
United States were with Canada,

In the early 1960's approximately 30, 000 barrels per day of
"imported" oil were brought into Texas in bond, transported by
truck into Mexico and then trucked back into the United States as
part of the overland import exemptions, stretching if not the
legality, certainly the intent of the law,



Overland8' imports were free from all restrictions until the

end of 1962, after which they could still come in free but the volume

of those coming into PAD Districts I-IV was included within the over-

all volume of permissible imports, a policy that continued until

1970.82

To understand the growing reliance on imported oil that cul-

minated in the mandatory controls, it must be recognized that the

contributory factors were principally economic, The United States

did not lack domestic capacity at that time (Jame son, 1966), but

there was a decided price advantage for imported oil. This was due

mainly to the much higher productivity of foreign wells. Lichtblau

(1962) gave the following comparison, in terms of average production

per well, in barrels per day: Middle East - 4, 000; Venezuela - 250;

and the United States - about 12.83
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'Transported into the United States by pipeline, rail, or other means
of overland transportation from the country where they were pro-
duced, which country, in the case of unfinished oils or finished
products, is also the country of production of the crude oil from
which they were processed or manufacturediT (Presidential Pro-
clamation, No. 3290, April 30, 1959).

Since 1970 the only quote free imports are: 1) those into PAD V
(crude, unfinished, and products); 2) finished products (made from
Canadian oil) into PAD I-IV; and 3) natural gas liquids into PAD
I-IV.

83Jameson (1966) gave slightly different figures for the average in
1965: 12.4 for the United States; almost 300 in Venezuela; over
2, 000 in Libya; 4, 500 in Kuwait; and more than 7, 000 in Saudi
Arab i a.

81

82
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Furthermore, foreign tanker rates have been much lower than

those of United States registry, with the result that United States

flagships have been used principally in domestic coastal trade

(interdistrict movement from the Gulf Coast to the East Coast),

where foreign ships are excluded by law. Again the result has been a

price advantage for imported oil. This price advantage can be seen

in Table 26, which gives the East Coast prices for foreign and

domestic crude in 1960.

Table 26. Approximate East Coast prices of crude: foreign and
domestic, 1960 (dollars per barrel).

blncludes transport to Gulf Coast and tanker loading.
Source: t'Statistical Section," 1960.

United States
(East Texas
field price)

Venezuela
(FOB Puerto Ia

Cruz)a

Middle East
(FOB Fao,

Iraq)a

Cost of crude 3.25 2.80 1.72

Gathering chargeb 0. 25 Included above Included above

Tanker transport
toEastCoast 027 0.20 0.75

U.S. excise duty 0 0. 105 0. 105

Total 3, 77 3. 105 2. 575

a3S360API gravity.
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Possible Effects of Reduction or Removal of
Restrictions on Crude Imports

Lichtblau (1962) speculated that PAD District I, which had

almost no local oil production, would turn to foreign crude oil to

meet 100 percent of its requirements if all quantitative import

restrictions were removed. 84 Some independent refiners along the

Gulf Coast and Mississippi River would do likewise, Inland markets,

however, would not be penetrated on a large scale as foreign oil tends

to lose its relative price advantage as it moves from coastal areas

toward inland areas into competition with local energy supplies.

Barring major changes in policy being invoked by the producing

nations, the effect of lessening crude oil import restrictions might be

a rise in efficiency resulting in lower production costs in the

domestic oil industry. This would be accompanied by a rise in

foreign oil prices and tanker rates. Eventually a competitive coexis-

tence between imported and domestic oil might occur with a price

level established somewhere between the extremes. 85
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view was substantiated by the U. S. Department of the Interior,
1970.

Recent years have seen increasing costs and declining rates of
return on invested capital in foreign operations due to occasional
expropriations of foreign property, increased foreign taxes,
greater profit sharing by foreign governments, and other develop-
ments reflecting the growing nationalistic policies and increased
degree of organization shown by the foreign oil-producing
countries, Since the end of the time period under consideration
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Generally the major justification for import restrictions has

been national security; not only the reliability of foreign suppliers,
86

but also the need to retain domestic producing capacity. According

to the U.S. Department of the Interior (1970), the United States oil

import policy was based on four principal considerations:

the national security implications of over-dependency on

politically and strategically insecure foreign sources of supply;

the desire to protect domestic producers against the unlimited

import of lower cost foreign oil;

the need to provide a market outlet in the United States for

friendly foreign exporting nations; and

the necessity to protect the United States consumer from

escalating domestic oil costs.

The first two are reasons for import restrictions and the latter two

are arguments for imports.
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(1940-1972), such policy changes have resulted in the oil embargo
of 1974; and a price increase to $14.00 in 1975 for a barrel of
imported crude.

Canadian oil has generally not been restricted for the following
reason

HCanadian oil is as militarily and politically secure as our
own and thus there can be no national security justifications
for limiting its importation. Indeed the Department of
Defense has suggested that Canadian oil delivered overland
is even more militarily secure than our own Gulf Coast oil
shipped to the East Coast because there is no danger of
interdiction by hostile submarines"

(U.S. Congress, 1971, p. 2).
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Economically, import controls restrict competition, and, by so

doing, prices are raised. The cost87 is the premium that a nation is

required to pay for domestic oil over the going world price. This

cost must be weighed against the risk of political instability or

animosity, as well as the risk of physical interruption or diversion

to other markets.

After 1940, the amount of petroleum being imported into the

United States increased steadily. However, there were fluctuations

in the part contributed by crude oil, residual fuel, and other refined

products, 88 as can be seen in Table 27.

Organization of Petr oleum Exporting Countries

In 1960, the governments of the major foreign producing

countries joined forces and formed the Organization of Petroleum

87Present restrictions in the oil import program are costing the
American consumer some $5 billion a year (U.S. Congress, 1971).

Petroleum is classified for purposes of import regulations as:
1) crude oil; 2) unfinished oils; 3) finished products; and 4) residual
fuel oil to be used as fuel. This qualification was added to assure
that residual imports would not be used to circumvent the crude oil
restrictions by using the residual oil as a refinery feeds tock.
Except for residual fuel oil, all unfinished and finished products
have in effect been carved out of the crude oil quota. Residual
fuel, however, has been treated differently, so, in effect, there
have been two quota levels, both of which vary geographically
(U.S. Cabinet Task Force on Oil Import Control, 1970).



Table 27. U.S. petroleum imports: crude, residual, and other
petroleum products, 1940-1972 (thousands of barrels
and percent).
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Year Crude Residual
Other

petroleum
roducts

Total

1972 811, 135 637, 401 286, 720 1,735,256
46.7 36.7 16.6 100.0

1970 483,293 557,845 206,254 1,247,392
38,7 44.7 16.6 100,0

1965 452, 040 345, 187 103, 545 900, 772
50.2 38.3 11.5 100.0

1960 371, 575 233, 208 59, 328 664, 111
56.0 35.1 8.9 100.0

1955 285,421 152,035 18, 108 455,564
62.6 33.4 4.0 100.0

1950 177,714 120,036 12,511 310,261
57,3 38.7 4.0 100,0

1945 74,337 31,648 7,634 113,619
65.4 27,9 6,7 100.0

1940 42,662 29,366 11,723 83,751
50,9 35.1 14,0 100,0

Source: U.S. Bureau of Mines (19401972b)



89The original members were Iran, Iraq, Kuwait, Saudi Arabia, and
Venezuela; they were later joined by Qatar, Indonesia, and Libya.
More recently Algeria, Ecuador, Gabon, Nigeria, and the United
Arab Emirates (formerly Abu Dhabi) have become members,

The significance of oil to the exporting countries can hardly be
overstated. Schurretal. (1971) pointed out that for the five major
exporting nations of the Middle East (Iran, Iraq, Libya, Kuwait, and
Saudi Arabia), revenues directly associated with oil have accounted
for between 70 and 90 percent of foreign exchange earnings during
recent years and between 60 and 90 percent of government income.
Even in Venezuela, with its resources of iron ore and other
minerals, its prosperous agriculture, and expanding industry, oil
provided over 65 percent of the government income according to
Tugendhat (1968),

91This organization's initial membership was Kuwait, Saudi Arabia,
and Libya and was enlarged in 1970 to include Algeria, Bahrein,
Qatar, Dubai, and United Arab Emirates,
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Exporting Countries (OPEC),89 Its purpose was to enhance the oil

revenues of the member countries and, toward this end, it has

concerned itself with a number of interrelated matters such as:

increasing the price of oil; regulating production; and enlarging local

participation in the actual production of oil (Levy and Lipton, 1966;

Ikard, 1972)90

This organization's importance becomes more apparent when it

is realized that over three-fourths of the proven crude oil reserves

are under its control (Table 28). Another body established following

the 1967 Arab-Israeli War was the Organization o Arab Petroleum

Exporting Countries (OAPEC). 91 This organization, confined to Arab



countries which were large oil exporters, presumably has more

implicit political orientation (Schurr etal., 1971).

aData from all other Eastern European countries,
except Yugoslavia, withheld by the governments.

Source: "Estimated Proved. , ,, " 1973.

Residual Fuel Oil Imports

The decreasing output of domestic residual fuel oil was economic

in nature. It was directly traceable to the desire of United States

refiners to produce as much gasoline and distillate fuel and thus as

little residual fuel as possible from each barrel of crude processed.

This desire is easily understood by comparing the prices for these

commodities. For example, in 1960, a refiner could sell a barrel

of gasoline for about $5.00, a barrel of distillate for about $4.00, and
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Table 28. World distribution of proven crude oil
reserves, 1972 (billion barrels).

Area Reserves Percent

United States 36 6.4
Canada 8 1,4
Other Western Hemisphere 30 5.3
Western Europe 10 1,8
USSRa 42 7.5
Africa 54 9.6
Middle East 353 62.8
Far East 13 2.3
Oceania 16 2.9

Total 562 100.0



92a barrel of residual for about $2. 00. This price of residual

represented less than the cost of crude; so the classification of

residual as an unprofitable by-product is not surprising. As described

in the section on refining technology, great effort and money were

put into reducing the yield of residual per barrel and the results were

extremely successful (yields declined from 24,4 percent in 1940 to

6,5 percent in 1970).

At the same time domestic production of residual fuel was

declining, the demand was increasing and imports were used to make

up the difference. It can be noted that imports of residual fuel were
93

a consequence, not the cause of the decline in domestic production.

The cause was simply economics,

The domestic production and imports of residual fuel are shown

in Figure 15, Since 1963, imports have supplied the greater part of

the residual demand, and the curves clearly show the increasing

reliance upon imported residual fuel through time
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92The price of residual fuel was tied to that of natural gas and coal in
that it was used as an under-boiler fuel in thermal-electric plants,
and as a heat agent for commercial establishments, industrial
plants, and large residential units; in these cases it competed on a
cost-per-calorie unit basis,

Imported residual fuels did not significantly affect the profit margin
of domestic refineries, because they did not compete with oil
products (except to a small degree with distillate fuels). Residual
fuel accounted for only a small percent of the total output and an
even smaller percent of the total value (about 11 percent and 4 per-
cent respectively in 1960) (Lichtblau, 1962).

93
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Figure 15. Domestic Production and Imports of Residual Fuel,
1940- 1972 (millions of barrels).
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Source: Based on data from U. S. Bureau of Mines (l940-l972e).
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This figure shows the overall trend in residual fuel imports,

but to examine more closely the effect of the mandatory controls on

residual imports, it is necessary to compare such imports prior to

imposition of the restrictions, during the restricted period, and after

the controls were lifted. Data for imports into PAD Districts I-IV

are given in Table 29, The reason the mandatory controls had so

little effect was because Proclamation 3279 also directed the

Secretary of the Interior to keep these import limits under review

and make Hon a monthly basis if required, such adjustments of such

imports as he may determine to be consonant with the objectives of

this proclamation" (Presidential Proclamation 3279, March 10,

1959). Thus the controls imposed gave the government complete

flexibility in settling the import level. The ceiling was perstently

revised upward until in March,1961, the Secretary of the Interior

issued new regulations specifying that the ceiling for District I should

be the difference between anticipated demand and expected supply.

The Bureau of Mines forecast both demand and supply (U, S. Depart-

ment of the Interior, 1961),

Import regulations governing Districts I.IV during the mandatory
controls were different from District V. Since 1965, District I has
been treated differently than II, III, and IV. For most years
District I has accounted for over 90 percent of the residual fuel
imported into the United States.



Table 29, Residual fuel oil imports into Districts I-IV
(1954-1970) (thousands of barrels per day).

Year Amount

Unrestricted Imports

1954 354
1955 417
1956 442W

1957 471
1958 489

Mandatory Controls

1959 610
1960 620
1961 622
1962 685
1963 729
1964 782
1965 916

De facto Ending of Controls for District

1966 1015
1967 1072
1968 1105
1969 1243
1970 1513

apresidential Proclamation 3693, December 10, 1965,
changed the regulations so as to permit almost un-
limited imports of residual fuel into District I.

Source: U.S. Bureau of Mines, l954-1970b.

For District I the import ceiling was raised by 10 percent for

the year beginning April 1, 1963, and 11 percent for the following

year. This was a pattern that continued until 1966, when the

Secretary of the Interior ended all effective controls on residual
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imports into District I (U.S. Department of the Interior, 1966). 95

Residual imports into Districts Il-V remained subject to control and

were permitted on the basis of historical imports96 (U.S. Cabinet

Task Force on Oil Import Control, 1970).

Due to its physical properties, residual fuel oil cannot be

economically shipped to inland areas by pipeline. wherefore,

imported residual is limited in terms of geographical area of use.

In 1968, for example, District I accounted for 96, 2 percent of total

residual imports. The scale of its importance can be seen in

Figure 16.

Production Shift: United States to the Caribbean

Domestic refiners have been unwilling to supply the entire

residual demands at the market price. Thus it could be considered

illogical to place an absolute ceiling on imported residual, for as the

134

95Residual fuel imports, however, were subject to a detailed set of
administrative requirements which retained the form, though not
the substance, of an allocation system, By retaining the mechanism
of control, they could be reinstated on short notice.

Allocations into Districts II-IV were set at the level at which each
imported in 1957. This is also true of District V except that
special permission was given to non-refiners to import low-sulfur
residual. There also was a special bonus crude" program for a
time (1967-1968) in District V which permitted a refiner to earn a
bonus of one barrel of imported crude for each barrel of low-
sulfur residual manufactured to satisfy local pollution abatement
requirements (U.S. Department of the Interior, 1967).

96
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demand rose, the difference between consumption and production was

met by imports. These have come principally from the Venezuelan

and the Netherlands Antilles refineries, which supplied over 90 per-

cent of the residual imports during the 1950's and early 1960's. In

1959, there were five companies operating refineries in both District

I and the Venezuelan-Netherlands Antille-s area. These five controlled

more than half of the capacity in the Atlantic Coastal area and two-

97thirds of the capacity in the Venezuelan-Netherlands Antlles area

(Shaffer, 1968). Thus, the increased imports came from the same

refiners who were reducing domestic residual output in PAD I.

In effect, these companies were transferring their production of

residual fuel oil from the East Coast to the Caribbean- -a profitable

move due to the availability of low-cost heavy crude oil from the

Maracaibo region. In addition, the Venezuelan government had

adopted a policy of forcing companies with concessions to refine a

certain portion of their production within the country. Shipping the

97 The five companies with refineries in both areas as of January,
1959, and their capacities in thousands of barrels per day were:

(U.S. Bureau of Mines, 19609; "World-Wide Oil...," 1959).

U.S. East
Coast

Venezuela-
Netherlands Antilles

Standard Oil of New Jersey Z56 18.7% 854 58.1%
Gulf Oil 182 13.3 39 2.7
Standard Oil of California 108 7.9 30 2.0
Texaco 77 5.6 30 2.0
Sinclair 133 9.7 35 2.4

Total 756 55.2 988 67.2
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residual fuel from the Caribbean refineries to the East Coast satisfied

the requirements of the Venezuelan government as well as enabling

domestic refineries to further reduce residual output.

Source of Imported Residual

Most suppliers of imported residual were United States com-

panies operating abroad. These companies were capable of adjusting

the percentage of domestic production and imports as economics

dictate. According to Colwell (1969), 65 companies imported residual

fuel at some time during the period from December 1, 1966,to May

31, 1967, and there was no dominance o import by any one company. 98

Approximately two-thirds of the residual imported during the period

was brought in by the large integrated companies and these same

companies accounted for about 87 percent o the domestic refinery

runs in 1966.

Due to this relationship, there has been far less fear of dis-

crimination or curtailment of residual fuel supplies than might be

expected considering the dependency that exits on a single foreign

98 During that period Texaco accounted for 14. 4 percent o the total
residual imports; Standard Oil of New Jersey, 13. 2 percent; and
Hess Oil and Chemical, 12.3 percent. Other large importers
included New England Petroleum Company, Shell, and Pittston
Company.
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99
supply area- -Venezuela and Netherlands Antilles. Table 30 shows

the United States imports of residual fuel oil by country of origin for

selected years from 1950 to 1972,

Through most of the 1950's, the Netherlands Antilles was the

major supplier of imported residual fuel intQ the United States.

Beginning in 1959, however, the Venezuelan share surpassed that of

the Netherlands Antilles. The increase in the Venezuelan share

reflected largely the growth in the number and capacity of refineries

located in that country. It must be recognized that the shift was of

marginal significance to Venezuela as the Netherlands Antilles

refineries ran almost entirely on Venezuelan crude (Petroleum

Industry Research Foundation, 1963). Of more importance to

Venezuela was the emergence o Trinidad as a major exporter of

residual to the United States. In the early 1960's, while still utilizing

some Venezuelan crude, the bulk of Trinidad's residual oil exports

was from Local and Middle East crudes.

A small but growing amount of diversification of supply source

occurred after 1965. This appears to be more in response to sulfur

emission regulations and economics rather than to national security

or other factors. North African residual, as well as that refined in

99Bechtel (1967) stated that over 85 percent of the residual fuel oil
imported into the United States at that time originated in seven
large refineries located in Venezuela, Netherlands Antilles, and
Trinidad.



Source: Calculated from U. S. Bureau of Mines (1950-1972b).

alncludes quantities imported duty-free for manufacture inland and export (1950-1960) and for supply of vessels and aircraft (1950-1972).

bDepartment of Commerce and Bureau of Mines data differ slightly due to handling of trade to and from U, S. territories and possessions and to other
collecting variances.

Table 30. United States imports of residual fuel
011a country of origin, 1950-1972 (thousands of barrels and percent).

1950 1955 1960 1965 1970 1972

North America 1,026 0. 8 14,071 9. 1 5,434 2.4 7,803 2. 3 14, 147 2. 5 30, 477 4.8
Canada 1 <0. 1 282 0. 2 397 0. 2 1, 964 0. 6 7,683 1. 4 28, 702 4.5
Mexico 1,025 0.8 13,789 8.9 5,037 2.2 5,839 1.7 6,464 1.2 1,775 0.3

Central America
& Caribbean 99,165 80.6 86,682 55.8 106,954 46.4 146,869 42.5 261,299 46.8 320,904 50.3

Bahamas - - - - - - 2 0. 1 10,848 1, 9 54, 746 8. 6

Netherlands Antilles 97, 146 79.0 86, 266 55.5 94,310 40.9 103,645 30.0 135, 010 24. 2 115,550 18. 1

Trinidad andTobago 2,019 1.6 416 0.3 12,261 5.3 37,600 10.9 61,553 11.0 58,010 9.1
Virgin Islands - - - - - - 52,453 9. 4 91, 424 14.3
Other - 383 0. 2 5,622 1.6 1,435 0. 3 1, 174 0. 2

South America 22,199 18.0 54,703 35.2 113,808 49.4 186,573 54.0 220,842 39.6 215,851 33.9
Venezuela 22,195 18.0 54,703 35.2 113,686 49.3 180,538 52.3 211,230 37.9 210,480 33.0
Other 4 <1.0 - - 122 0.1 6,035 1.7 9,612 1.7 5,371 0.8

Europe 0 0 2 <0.1 106 (0.1 681 0.2 58,251 10.4 53,265 8.4
Italy - 65 <0.1 422 0.1 27,637 5.0 24,979 3.9
Other 2 <0.1 41 <0.1 259 0.1 30,614 5.5 28,286 4.4

MiddleEast 647 0.5 0 0 3,860 1.7 3,259 0.9 1,554 0.3 5,353 0.8

Africa 0 0 0 0 0 0 0 0 1,616 0.3 10,405 1.6

Asia & Oceania 0 0 0 0 234 0.1 2 <0.1 136 0.1 1,146 0.2

Total United States importsb 123,037 155, 458 230, 396 345, 187 557,845 637, 401
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Europe, tended to be lower in sulfur content than that refined from

Venezuelan crude oil100 (Table 31).

Regional Variation in the Importation
of Residual Fuel Oil

Nearly all imported residual fuel oil was consumed in the

coastal areas'°' and the overwhelming share traditionally had gone to

the East Coast (PAD I). This could be attributed to several factors.

First, the area was nearly devoid of crude oil production so almost

all oil products and/or crude must be imported; second, PAD I was

America's largest residual fuel oil market; third, the East Coast was

closer by ocean transport to the oil-producing regions of the Caribbean

than major domestic ones. 102 After 1966, PAD I annually accounted

for over 95 percent of the total U. S. residual imports. Table 32

shows the ports of entry for imported residual for a typical year.

However, as was pointed out by the U. S. Department of the Interior
(1970), when all of the desulfurization plants under construction or
planned in Venezuela and the Netherlands Antilles are completed,
the supply of low-sulfur residual fuel made from Venezuelan crude
should be sufficient to at least prevent a further decline in this
region's share of the United States market.

'°1Similarly, most imported crude oil was processed and consumed in
coastal states.

102Tanker charges were substantially higher for United States-
registe red vessels operating in coastal trade than for most
foreign-registered vessels operating in international trade.



(Continued on next page)

Table 31. Imports of residial fuel oil by country of origin and sulfur level, 1968 (barrels).

Sulfur level Total
- .30 .31-.50 .51-1.00 1.01-2.00 over 2.00

North America 24,428

24,428
0

346, 363

0
0

6, 222, 780

0
0

54, 976,913

401,267
0

94, 249, 465

1,583,173
4,828,118

155,819, 949

2,008,868
4,828,118

Canada
Mexico
Panama 0 0 0 155 6,720 6,875

Bahamas 0 0 125,798 0 0 125,798

British West Indies 0 0 0 1, 155, 738 0 1, 155, 738

Trinidad 0 346,363 1,238,363 38,242,129 11,268,002 51,094,857

Netherland West Indies 0 0 4,858,619 15,177,624 76,563,452 96,599,695

South America 286, 363 3,534, 387 1, 242, 763 53, 415,962 97, 349, 171 155, 828, 646

Colombia 0 0 154,140 3,384,697 0 3,538,837

Venezuela 58,032 0 701,529 49,586,055 97 349, i71 147,694,787
Argentina 228,331 3,534,387 387,094 445,210 0 4,595,022

Europe 360,293 7,476,374 26,927,239 2,035,993 5,405,333 42,205,232

Sweden 0 0 0 0 81,660 81,660

England 0 122,295 5,994,355 1,482,429 2,170,798 9,769,877

Netherlands 0 0 3,480,697 0 1,346,019 4,826,716

Belgium 0 0 501,316 0 1,669,927 2,171,243

France 0 0 1,457,981 0 0 1,457,981

West Germany 0 0 0 0 88,629 88,629

Spain 0 4,213,925 1,564,437 123,690 0 5,902,052

Italy 360,293 3,048,054 13,928,453 429,874 48,300 17,814,974

Rumania 0 92, 100 0 0 0 92, 100

Asia 0 0 0 0 742,116 742,116

Saudi Arabia 0 0 0 0 357,747 357,747

Bahrein 0 0 0 0 384, 369 384, 369



Source: U.S. Bureau of Mines (1971q).

Table 31. (Continued)

Sulfur level Total.30 .31-.50 .51-1.00 1.01-2.00 over 2.00

Africa 0 106,361 362,062 102,517 0 570,940

Africa 0 0 110,280 0 0 110,280

Algeria 0 106,361 0 0 0 106,361

Ivory Coast 0 0 251,782 0 0 251,782

Gabon 0 0 0 102,517 0 102,517

U. S. Possessions 431,892 3,410,925 5,299,029 5,526,443 3,988,374 18,656,663

Virgin Islands 431,892 3,410,925 5,299,029 5,526,443 3,988, 374 18, 656, 663

Grand total 1, 102, 976 14,874,410 40,053,873 116,057,828 201,734,459 373,823,546

Percent 0.3 4.0 10.7 31.0 54.0



Source: Calculated from U.S. Bureau of Mines (1971q).
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Table 32. Imports of residual fuel oil by port of entry, 1968.

Section, city & state
% of U.S.

Barrels total
Section, city & state

% of U.S.
Barrels

total

PAD I 99. 9 PAD I (continued)

New England 26. 7 Southeast 13.8
Bridgeport, Conn. 3,666,776 1.0 Cocoa Beach, Fla. 806,812 0.2
New I-Iaven, Conn. 14,025, 396 3.8 Port Everglades, Fla. 7,784,253 2.1
Gzoton, Conn. 3,696.619 1.0 Miami, Fla. 845,910 0.2
Portland, Me. 6,671, 912 1. 8 Jacksonville, Fla. 9,977,843 2.7
Wscasset, Me. 756, 777 0. 2 Port St. Joe, Fla. 478,662 0.1
Bangor, Me. 830, 635 0. 2 Tampa, Fla. 9,704,985 2.6
Belfast, Me. 5,782, 104 1.5 Key West, Fla. 17,297 40.1
Piney Point, Me. 4,159,865 1.1 West Palm Beach, Fla. 3,508,468 0.9
New Bedford, Mass. 5, 203, 227 1. 4 St. Petersburg, Fla. 5,225,222 1.4
Salem, Mass. 3, 149, 203 0. 8 Savannah, Ga. 2,969,550 0.8
Boston, Mass. 37,767,721 10.1 Morehead City, N.C. 305,998 0.1
Portsmouth, N.H. 3,691,032 1.0 Wilmington, N.C. 2,957,272 0.8
Newport, R. I. 265,022 0. 1 Charleston, S.C. 5,409,933 1.4
Providence, R.I. 9,471,464 2.5 Georgestown, S.C. 1,87S,203 0.5

Middle Atlantic 59.4 PADII 0.1
Wilmington, Del. 255,688 0.1

Great Lakes 0.1
Baltimore, Md. 19,296,327 5.2 Detroit, Mich. 45,291 0.1
Newark, N. J. 1,458,735 0.4
Paulsboro, N.J. 3,206.705 0.9 PAD III (none) 0

Bayonne, N.J. 1,872,394 0.5
PAD IV (none) 0

Perth Amboy, N.J. 24,984,286 6.7
Albany, N.Y. 6,423,858 1.7 PADV 0.2
Niagara Falls, N.Y.
Rensselaer, N.Y.

167,211
152,829

0.1
<0. 1

Pacific Southwest
San Diego, Calif.

0.2
4,823 <0.1

New York City, N.Y. 122,577,440 32.8
Honolulu, Haw. 742,116 0.2

Massena, N.Y. 619,155 0,2
Chester, Pa. 2,407,104 0.6
Eria, Pa. 19,251 <0.1
Philadelphia, Pa. 30,399,374 8.1
Norfolk, Va. 8,185,798 2.2 U.S. Total 373,823,546



Diie to the physical properties of residual fuel oil, imports

could not be shipped economically to inland areas by pipeline103

(generally considered to be the only economical way to move oil

over.and), so virtually all imported residual was consumed in the

coastal areas.

In 1970, the United States imported about 69 percent of its

residual needs. However, on the East Coast, imports (excluding

crude used as residual'°4) accounted for 90 percent of residual needs

(U.S. Bureau of Mines, l970e). The relationship between domestic

production and imports on a regional basis for 1970 is shown in

Figure 17.

Exports of Residual Fuel Oil
by the United States

Exports of residual fuel oil represented a small percentage of

total domestic production. Between 1940 and 1972, the percentage

ranged from a low of 2.5 percent in 1945 to a high of 8 percent in 1955
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103 Even if this were not the case, most inland markets would not be
penetrated by imported residual as it, like imported crude, tended
to lose its price advantage as it moved from coastal areas toward
inland regions.

Crude oil had at times been iynported for use as a fuel under the
residual exemption. This was legal so long as the crude met
residual specifications in oil import regulations for use as fuel.
When residual prices equaled or exceeded crude prices, or when
lower sulfur levels were required than could be met by available
residual, crude is sometimes burned (Kinney, 1970).

104

S



Domestic Production and Imports of Residual Fuel Oil by PAD
Districts, 1970 (millions of barrels).

Source: Calculated from U.S. Bureau of Mines (1970e).
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and typically was about 5 percent or between 15 and 20 million

barrels a year as shown in Figure 18.

In the years just prior to World War II, United States exports

of residual fuel were fairly evenly distributed among the regions of

the world with Asia and Oceania (principally Japan) receiving the

greatest amount (just over 18 percent). War, of course, brought a

significant shift in exports and during those years, the European

allies were the major recipients. In the postwar years of 1955 to

1970, Japan again became a major market for exported residual.

This had changed again by 1972 as Japan's refining capacity had

increased and they were able to utilize more Indonesian and Middle

Eastern oil.

Statistically, Canada appeared as one of the major importers

of United States residual fuel for most years. In part this reflected

a redistribution of residual to lessen transportation costs--with

residual being imported from the United States in one area and

exported to the United States at another. It also reflected the fact

that Canadian refining capacity was not suUicient to meet the

domestic demand for this product until recently. From 1945 to

1965, Canada was a net importer from the United States, but in 1970

the balance reversed and the United States received 4, 705, 000 more

barrels than it exported, and by 1972, it was 25, 156, 000. Table 33
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Souxce: Based on data in U.S. Bureau of Mines (1940-1972b).

1940 1945 1950 1955 1960 1965 1970 1972

Figure 18. United States Residual Fuel Exports: Amount and
Percentage of Domestic Production, 1940- 1972.



Sources Based on data in U.S. Bureau of Mines (1940-1972); U.S. Department of Commerce (1941, 1947).

alncludes shipments to non-contiguous U.S. territories including Alaska and Hawaii prior to 1960.

bTotal exports from Bureau of Mines; no Sureau of Mines source yet found for country data for 1940 and 1945. Bureau of Census data are slightly different from Bureau of Mines; therefore,
sum of country data does not equal totals.

Table 33. United States exports of residual fuel oil, by country and region of destination, 1940-1972 (thousands of barrels and percent).

1940a 1945a
1950 1955 1950 1965 1970 1972

North America 2,592 16. 1 1,313 11,3 6,669 41. 1 8,761 26.1 4,557 24.4 6,227 41.4 S,784 29.2 5,004 41.5

Canada 1,644 728 4,498 5,809 4,004 4,358 3,978 3,186
Mexico 948 585 2,171 2,952 553 1,669 1,806 1,818

Central America
& Caribbean 2,354 14.6 1,075 9. 2 2,741 16.9 4,750 14.2 364 1.9 188 1. 2 1,665 8.4 1,508 12.5

Bahamas 0 0 0 0 0 0 875 707
Cuba 566 1,005 980 1,564 0 0 0 0
Guatemala 229 0 373 332 0 0 0 0
Panama 1,287 70 793 223 0 0 0 542
Other 272 0 395 2,631 364 188 790 259

South America 1,955 12. 1 74 0.6 1,981 12. 2 2, 338 7.0 343 1.8 2 <0. 1 283 1.4 200 1.7

Chile 1,861 0 1,965 2,150 305 0 1 8

Other 94 74 16 188 40 2 282 192

Europe 1,977 12.3 4,519 38.7 218 1.3 2,044 6. 1 2,623 14.0 2,315 15.4 2,899 14.6 4,243 35. 2

Italy 130 0 0 3 249 450 878 993
Netherlands 0 0 0 685 184 575 194 436
United Kingdom 340 4,360 74 1,018 1,628 935 1,337 1,511
Other 1,507 139 144 338 562 355 490 1,303

Middle East 0 0 0 0 0 0 4 <0. 1 0 0 0 0 0 0 0 0

Africa 0 0 174 1.5 108 0.7 232 0.7 197 1.1 0 0 175 0.9 351 2,9

Asia and Oceania 3,003 18.6 0 0 168 1.0 9,596 28.6 10,609 56.7 6,320 42.0 8,995 45.4 552 4.6

Japan 2,132 0 71 9,097 10,313 5,330 8,894 374
Other 871 0 97 499 296 990 100 178

4,096 25.4 4,310 38.6 4,340 26.7 5,799 17.3 0 0 0 0 0 0 202 1.7

Total U.S. E:ports1' 15,109 11,669 16,223 33,524 18,695 13,052 19,801 12,060



Source: U.S. Bureau of the Census, 1940-1972.

Summary

United States imports of residual fuel increased from 29 million

barrels in 1940 to 637 million barrels in 1972, or from 8 to 69 percent

of total demand. Exports of residual fuel, meanwhile, typically

ranged between 2. 5 and 5 percent of domestic production or some 15

to 20 million barrels a year.
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shows the United States exports of residual fuel from 1940 to 1972 by

region of destination and by principal recipient countries.

The value of residual fuel oil exports is shown in Table 34,

which also indicates both the value of all petroleum and petroleiim

products exported and the total value of all exports for comparison

purposes. From this it can be readily seen that residual fuel played

a rather insignificant role among United States exports.

Table 34. Value of residual fuel exports compared to total exports of
petroleum and petroleum products and to total exports
(thousands of dollars).

Residual
Exports

Petroleum and Products
xports

Tot3l
Exorts

1972 $30,738 $445,011 $48,876,233
1970 44,296 487,316 42,593,263
1965 33, 509 417, 605 27, 003, 335
1960 43, 688 478, 511 20, 299, 717
1955 55, 070 644, 370 15, 389, 746
1950 18, 111 499, 474 10, 142, 482
1945 11,797 753,084 9,584,686
1940 9,870 310, 146 3, 934, 181
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Imported residual was important economically and politically,

as well as playing an important role in national security and foreign

affairs, whereas the importance of exported residual was minimal

and even more so because a considerable part was exported to Canada

and represented simply a geographical redistribution across the

border from areas of surplus to areas of need. Imported residual

fuel has at times been under import duties and import controls.

Import duties were imposed on petroleum and petroleum products by

act of Congress in 1932, but were set so low for residual fuel that

the impact was minimal. Subsequently, a quota system was adopted

only to be declared unconstitutional in 1935. In the early postwar

years, imports rose rapidly, resulting in a voluntary import control

program in 1957, followed by a mandatory one in 1959.

Under the mandatory controls residual fuel imports into PAD

Districts I-IV were limited to the 1957 level, but the Secretary of the

Interior was authorized to adjust maximum levels. The ceiling on

imported residual into PAD I was repeatedly adjusted upward until

1966 when limits were effectively ended by a new policy that set the

import level at the difference between anticipated demand and

expected supply, Therefore, import restrictions on residuel fuel had

very little effect as more than 95 percent of imported residual was

consumed in PAD I.



151

Most imported residual came from refineries in Venezuela and

the Netherlands Antilles and these refineries were, for the most

part, operated by companies that also refined on the East Coast. The

amount of residual imported since 1940 steadily increased as the yield

of residual produced in domestic refineries decreased (Z4. 4 percent

in 1940 to 6.5 percent in 1970). The difference was made up from

foreign sources, In 1972, about twice as much residual was imported

as produced domestically and the cost of the imports was estimated

to have been about $2 billion ('Petroleum Refineries, 1972). This

increasing dependency on imported residual to meet United States

demand is shown in Figure 19.



Imports

Domestic
production

V,4

Figure 19. U.s. Imports and Domestic Production of Residual Fuel
Oil, 1940-1972 (millions of barrels and percent).
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Source: U.S. Bureau of Mines (1940-1972b).
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V. CONSUMPTION OF RESIDUAL FUEL OIL

Background on Petroleum Consumption
in the United States

One of the most striking characteristics of the economic

development of the United States in the past 30 years has been the

rapid growth of demand for inanimate energy. After growing only

6.5 percent in the 20 years between 1920 and 1940, World War II set

in motion a steady upward climb. Total energy consumption went

from 23, 908 trillion Btu in 1940, to 39, 956 trillion Btu in 1955, and

reached 67, 444 trillion Btu by 1970. Overall this energy growth

paralleled the country's economic growth. Within the energy

market, shifts were taking place and most of the new demand was

supplied by petroleum and natural gas. The relative importance of

coal declined dramatically (Figure 20).

In the mid-1920's, coal was the principal commercial source

of energy. Among the circumstances supporting its position was the

use of steam locomotives by the railroads and the use of steamships

in waterborne transport, both of which depended largely on coal. Coal

was also the predominant fuel in thermalelectriC generation. As

recently as 1945, the United States conomy was still essentially

based on coal. At that time coal provided almost half of the total

energy requirements and about two-thirds of the energy used in the

competitive sectors of the energy economy (Odell, l963)

153



ii::us.au

aUUUUUUUSIl4uuuuiuuur4RSNNUUUI*uIUIuuuuuuuui
I
ausuuuuiuuuuuuuuuuuuauuaua eumuuumuuum..uusmumuu.i..muuuui

A$UUUUUUUUUIIURUUUUUUUUUIURNMIUUUUUUI.mUUUIaI

Uauru' tuuauuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuaiuuiuuuuuuuuuuauuuuuuuuuuuuu"euui

Coal

70

60

50

#3

30

20

10

1940 1945
I-

1950
(

154

Source: Based on data in U.S. Bureau of Mines (1940-1972b).
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Figure 20. Fossil Fuel Consumption, 1940- 1972 (in quadrillion Btu).
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The immediate postwar period was a time of economic growth

and accompanying growth in energy demands, This rapidly growing

demand produced coal shortages and thus opportunities for oil and

natural gas to expand into competitive markets formerly controlled by

coal.

Generally speaking, coal had a lower price than oil per heat

unit delivered, but oil had the advantage of greater convenience, as

it could be more easily handled in loading, unloading, and storage.

More over, because oil had less volume for a given weight it required

less storage space and at the same time yielded more energy
105(approximately 50 percent) (Gruse and Stevens, 1942; Darmstadter,

Teitalbaum and Polach, 1971). Oil burns more cleanly in a more

controllable fashion, and there was greater ease in handling the fuel

and tending the fires, as well as an almost complete absence of ash.

In numerous applications, the thermal efficiency of oil was higher

than that of coallO6 (Darmstadter, Teitalbaum, and Polach, 1971).

'°5One ton of coal equaled 26, 200, 000 Btu, whereas a ton of crude
petroleum had approximately 38, 048, 000 Btu.

106 The potential energy of one particular fuel may be just as great as
that of another but the technological means available for utilization
may make one relatively much more efficient, A given fuelts
efficiency may vary enormously when utilized for different pur-
poses (Manners, 1964). An advantage for a given fuel is by no
means static, as a comparison favoring one fuel at one time for
one end use may be reversed at another time or for a different use,
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Natural gas during this postwar period became a more important

competitor of coal than oil, as well as moving into markets that other-

wise would have gone to oil. Natural gas had many of the same

desirable features as oil, sometimes even to a greater extent. This

was especially true of the features of cleanliness and ease of use, in

addition to no requirement for storage tanks, However, subterranean

storage of gas for peak demand was widespread.

Distribution, which had been a deterrent to natural gas use,

began to be solved after the war with the construction of long distance

pipelines, 107 The conversion to natural gas of the "Big Inch and

Little Inch" (pipelines that had been constructed during the war for

the transport of petroleum from the producing fields of Texas to the

East Coast) speeded this process, By 1966, with the completion of

a gas pipeline into Maine and Vermont, natural gas became available

in every one of the contiguous United States (American Gas Associa-

tion, 1974).

Residual Fuel Competition and Consumption

The demand for refined petroleum products falls broadly into

three categories: gasoline, middle distillates, and heavy fuel oils.

In the part of the market served by gasoline-type products, petroleum

107Distribution had recently been aided by the availability of liquefica-
tion of natural gas and by pressurized tankers,
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had a virtual monopoly as there was little competition from other

energy sources9 Some middle distillate markets had competition from

coal and natural gas, but the competition was less complete than for

the heavy fuel oils, which competed for all markets.

The extent of heavy fuel oil competition varies geographically

and temporally, and, in a particular area at a particular time,

reflects economic and political factors as well as the availability of

competing fuels. Heavy residual fuel oils were the least expensive

of the petroleum products and were generally burned to produce heat.

In this capacity they were satisfying a demand that was general in

nature (one that could be satisfied by two or more alternative fuels).

The consumption of residual fuel oil in the United States

increased about 60 percent between 1940 and 1945. Then from 1945

through 1964 it experienced a period of stability in the market.

During this period, refining capacity increased by about 140 percent

and domestic refiners, as previously discussed, were making great

strides toward keeping the output of residual at a minimum. Not

only was the demand low but so was the price The static position of

residual was especially striking when compared with the phenomenal

consumption gains experienced by natural gas and distillate fuels, On

a nationwide basis the growth in demand for fuel was going elsewhere

than to residual.
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In the mid- 1960's demand for residual fuel again started to

increase and this trend continued, From 1965 to 1970, the growth

in use of residual fuel was greater than that of coal, distillate, or

natural gas. Figure 21 illustrates the total United States sales of

residual fuel from 1940 to 1972,

In most applications residual fuel oil was burned to produce

heat, This heat might be used to operate stationary or mobile steam

boilers or for industrial applications where heat was required, such

as kilns and open-hearth furnaces, Residual fuel oil, by reason of

its viscosity, requires preheating and then atomization prior to

burning. Generally the temperatures to which the oil must be heated

to obtain the proper viscosity range from 70° to 250°F (Schmidt,

1969), but they may be as high as 500°F (Collins and Knox, 1955). It

is impossible to properly ignite residual fuel in the fluid state, so

after the oil is preheated it is broken into a fine spray or mist,

Atomization can be accomplished by air pressure, steam pressure,

or by the oil pressure itself and is required so that the surface area

in contact with air is sufficiently great to permit the rapid combustion

which characterizes burning (Gruse and Stevens, 1942),

Burners operate much more efficiently when supplied with oil

of nearly constant viscosity, and thus residual fuels generally are

used only in large burner installations in situations which permit

relatively steady operation. Oil burners are less complicated than
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'°8A typical residual fuel oil may have an ash content of about
0.08 percent (ranging from about 0,02 toO. 15 percent) (Orr and
Van Sant, 1960), This is considerably less than coal but more
than distillate fuels.

10971n some instances where residual fuel is used in diesel engines
they are equipped with dual fuel systems, utilizing straight dis-
tillate fuel for starting, idling, and low-load operations and
switching to the residual fuel during high-load, long-haul opera-
tions (Orr and Van Sant, 1960).
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108.coal stokers, and no ash handling equipment is required so that the

use of residual in firing a boiler usually makes possible a cheaper

installation (Orr and Van Sant, 1960). Natural gas combustion is

inherently the simplest and cleanest of all,

Residual fuel, though typically used to produce heat, may also

be used in diesel engines and even gas turbines, Certain marine

diesel engines and relatively low-speed stationary engines, such as

those employed in some electrical power generation, have been

designed to operate on residual fuel oils of low viscosity and closely

controlled specifications. However, most modern diesel engines,

especially the high-speed ones employed in trucks and railroad

locomotives, operate on distillate fuels only. 109

The inherent simplicity of a gas turbine makes it an attractive

power plant for many applications. Normally it is operated on

natural gas or a by-product combustible gas when such is available.

Its efficiency, however, is less than that of a diesel engine and about
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the same as a steam power plant, so in order to be competitive, a

relatively cheap fuel is necessary. Sometimes residual oil is the

answer. The principal problems associated with using residual fuel

in gas turbines are fouling and corrosion due to the ash components

of the fuel and the high operating temperatures required for maximum

efficiency of the gas turbine (Orr and Van Sant, 1960),

The consumption pattern of residual fuel oil in the 1940-1972

period showed no dominant consuming sector until 1969 when power

generation (utilities) emerged as the most important end se of

residual. Indeed, until 1969, no 8ingle consuming group accounted for

as much as one-third of the total residual sales in any year. The

most spectacular change that occurred in this period was the absolute

decline in the residual consumed by railroads from 64, 904, 000

barrels to 1, 137, 000 barrels and its corresponding fall from approxi.-

mately 20 percent of the total sales of residual fuel in 1940 to 1 per-

cent by 1960 and then to 0. 1 percent by 1972.

The percentage of the total residual fuel sold that went to each

of the main consuming categories is shown in Figure 22. The indivi-

dual circle graphs also indicate by size the total residual fuel sales

for that year. Each of the consuming sectors that utilized residual

fuel will be discussed in the succeeding sections.
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Residual Fuel Oil Used for Heating

Residual fuel oil is used for space heating, in industrial plants,

commercial establishments, and large residential and institutional

units. It is not used for home heating nor by small housing units.

These burn distillate fuel oil, liquefied petroleum gas, kerosene,

natural gas, or to a much lesser extent, coal, or they may heat with

electricity.

Two grades of residual fuel oil, numbers 5 and 6, with different

densities were used for space heating. Generally, both grades

were used in burners equipped with preheating facilities. Most users

of residual fuel utilized the number 6, as it was less costly because

it contained less of the distillate stocks which could be converted

more readily to gasoline (National Petroleum Council, 1967). Figure

23 shows the sales of both grades of residual fuel. for space heating

through time. It clearly indicates that ni.imber 6 is the more widely

used and that the growth in demand had been principally for this

grade.

The growth in demand for residual fuel for space heating that

occurred in the postwar years could be attributed in large measure to

an increase in office space and large apartment buildings. Cons ump-

tion for space heating went from an average of 136, 000 barrels per

day in 1946 to 428, 000 barrels per day by 1965, a gain of 6 percent

per annum,
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Space heating is an important use of residual fuel, Throughout

the period from 1940 to 1972 it accounted for an average of about 18

percent of total residual consumption, ranging from about 8 percent

in 1945 to over 27 percent in 1965 (Figure 22).

The Residual Fuel Share of
the Heating Market

In the overall space-heating market, residual fuel oil accounted

for less than 10 percent in any given year. Residual use did nQt

experience phenomenal growth in demand such as natural gas and

distillates, nor a phenomenal decline such as coal. As can be seen

in Figure 24, coal dominated the heating market i,n the 194018, and

even in 1950 still supplied 42 percent of the heating energy. After

that, however, it declined rapidly and by 1970 was only supplying

3 percent.

Natural gas and distillate fuels both had relatively small

heating market shares in the 1940's, but expanded rapidly through the

1950's, after which distillate leveled off, but natural gas continued

to climb and, by 1965, it was supplying half the total heating market.

The growth of both distillate and natural gas represented, in part,

fulfillment of new heating requirements (total Btu used in heating

went from 5, 037 trillion in 1940 to 13, 789 trillion by 1972) brought
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on by a growing and more affluent society, 110 and in part by the

capture of markets from coal, This latter change was apparently

stimulated by favorable price relationships, 111 but more so by the

greater ease of handling and higher degree of cleanliness associated

with distillate and natural gas. 112

The liquid petroleum gas (principally propane and butane) share

of the heating market, though relatively small, increased at a slow,

steady growth. This fuel was used mainly in areas not served by

natural gas, and though considerably more expensive it had many

of the same desirable characteristics. The amount of kerosene used

for heating remained virtually unchanged from 1940 to 1972.

Residual fuel consumption grew some but a considerable part

of the heating market growth was for home or small business uses,

which were areas in which residual fuel was not a viable alternative,

UOPopulation increased from 132 million in 1940 to 203 million in
1970 (U.S. Bureau of the Census, l973a),

Natural gas prices generally were lower than distillate, but for
much of the period (1940-1972) natural gas was not universally
obtainable. The price of natural gas that moved in interstate
commerce for resale had been subject to regulation by the Federal
Power Commission since 1938 (U. S. Statutes at Large, Natural
Gas Act of 1938), and reaffirmed by the Supreme Court in 1954
(Phillips Petroleum Company v. Wisconsin et al,, 347 U.S. 672).

"2Natural gas used in house heating increased from 40,7 percent in
1950 to 81,0 percent in 1970, taking the major share of the home
heating market (American Gas Association, 1974),

111
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As statistics were not kept for the nature of the space to be heated, it

was impossible to determine in what part of the total market residual

was competitive.

l,egional Variation in the Consumption
of Residual Fuel for Heating

Most of the residual fuel used in the United States for heating

was consumed in PAD I. This district had consistently accounted for

over half of the total and in the years 1970-1972 consumed in excess

of 80 percent (Table 35). PAD II also consumed considerable resi-

dual for heating but after 1960 this declined both in absolute amount

and in the district share of the national total heating market. PAD III

and IV consumed very little residual for heating and even in PAD V

the quantity was not great, In none of these three districts had there

been any major growth through time. A graphic picture of these

regional variations is presented in Figure 25.

When the PAD districts were split into subregions (Table 35), it

was found that some parts of a district might have heavy demand and

others have light, In PAD I, for example, the Middle Atlantic sub-

region was the major consumer followed by New England with the

Southeast consuming very little. The same was true of PAD II in

which the Great Lakes subregion had the overwhelming part of the

districtts consumption and the other subregions consumed very little.



Source: Oased on data from U.S. Bureau of Mines (l940-1972c).

Table 35. Sales of residual fuel for heating by PAD districts, 1940-1972 (thousands of barrels and percent).

1940 1945 1950 1955 1960 1965 1970 1972

PADI 27,646 61.6 24,515 55.9 46,256 63.6 52,581 60.9 89,176 71.3 123,818 79.2 151.045 81.3 155,546 81.4

New England 7,739 17. 3 6,307 14.4 16, 132 22. 2 16, 414 19.0 24, 204 19. 3 35, 422 22. 7 42,099 22. 7 45, 856 24.0
Middle Atlantic 19, 157 42.7 17, 813 40.6 29, 053 40.0 34, 163 39.6 62,590 50.0 86, 884 55.6 103, 826 55. 9 102,350 53.6
Southeast 750 1.7 395 0.9 1,071 1.5 2,004 2.3 2,382 1.9 1,512 1.0 5,120 2.8 7,340 3.8

PAD II 12, 191 27.2 10,770 24.5 15, 710 21.6 20, 056 23.2 23, 435 18.7 22,048 14. 1 22, 673 12. 2 19,779 10.3

Great Lakes 7,736 17.3 7,443 17.0 10,519 14.5 12, 925 15.0 17,888 14.3 16, 923 10.8 18, 155 9.8 16, 056 8.4
Bluegrass 94 0.2 204 0.5 333 0.5 271 0.3 39 <0.1 15 <0. 1 131 0. 1 438 0.2
Upper MIssissippi 3,781 8.4 2,722 6.2 3,680 5. 1 5,687 6.6 5, 137 4. 1 4,670 3.0 3,877 2. 1 2,708 1.4
Great Plains 580 1.3 401 0.9 1, 178 1.6 1,173 1.4 371 0.3 440 0. 3 510 0.3 577 0.3

PAD III 307 0.7 181 0.4 2,320 3.2 2, 157 2.5 517 0.4 168 0. 1 700 0. 4 1, 399 0. 7

East Gulf 105 0.2 108 0.2 973 1. 3 845 1.0 179 0. 1 84 0. 1 143 0. 1 706 0.4
West Gulf 202 0.5 73 0.2 1,347 1.9 1,312 1.5 338 0.3 84 0. 1 557 0.3 693 0.4

PADIV 51 0.1 58 0.1 551 0.8 1,363 1.6 1,624 1.3 2,114 1.4 1,650 0.9 1,737 0.9

Rocky Mountain 51 -0. 1 58 0. 1 551 0.8 1,363 1.6 1,624 1.3 2, 114 1.4 1,650 0.9 1,737 0.9

PADV 4,651 10.4 8,350 19.0 7,879 10.8 10,125 11.7 10,336 8.3 8,106 5.2 9,763 5.3 12,650 6.6

Pacific Northwest 2,488 5.5 3,700 8.4 4,469 6. 1 5,540 6.4 5,745 4.6 6,200 4.0 7,071 3. 8 8,957 4. 7
Pacific Southwest 2, 163 4.8 4,650 10.6 3,410 4.7 4,585 5. 3 4,591 3.7 1,906 1. 2 2,692 1.4 3,693 1. 9

TotalUnitedStates 44,846 43,874 72,716 86,282 125,088 156,254 185,831 191,111



Figure 25. Residual Fuel Oil Sales for Heating, by PAD Districts,
1940-1972 (millions of barrels).

151-
89

I- I

(11 C000 rJ

Source: Calculated from U. S. Bureau of Mines
(1940-1972c).



171

In PAD III, the two subregions (East and West Gulf) had almost identi-

cal consumption patterns, however, neither was very large. PAD IV

was not divided into subregions. In PAD V the Pacific Northwest

generally consumed more residual for heating than the Pacific

Southwest, reflecting colder temperatures and less availability of

competing fuels.

The subregions that had the most residual fuel consumption

for heating (Middle Atlantic, New England, and Great Lakes) all

had considerable population, a high degree of urbanization (with

attendant large structures capable of using residual fu.el), and cold

winter climates. All of these were contributory factors for heating

fuel consumption of the type in which residual could compete.

Colder temperatures greatly increased fuel demand; for

example, a temperature that was one degree-day colder than normal

during January, 1970,was calculated (TTSevere Cold. H 1970) to

have increased fuel consumption in the United States for heating by

10, 000 barrels of kerosene, 82, 000 barrels of number 2 distillate,

28, 000 barrels of residual, and 17, 000 barrels of propane.

Extended cold spells may lower temperatures for a given

winter month by 250 degree-days or more and this would represent

millions of barrels of additional fuel. A study by the Petroleum

Industry Research Foundation (1963) dealing only with the consumption

of residual fuel on the East Coast found that from 1961 to 1962
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consumption rose about 7,5 percent, and that a significant part of the

increase (about 22 percent) was because of the weather. In 1962 the

winter temperatures were about 3,5 percent colder than in 1961 and

the additional consumption of residual fuel demanded by these lower

temperatures was about 13, 000 barrels per day.

The extent of residual fuel utilization in a region also reflects

the availability of alternative fuels in the area, Relative cost is a

very important consideration in selection of fuel for space heating.

Costs not only include the price at the source of supply but also

transportation and handling costs. In the Middle Atlantic subregion

of PAD I where residual fuel found its greatest demand, coal was

available in both Pennsylvania and West Virginia but had to be trans-

ported some distance; natural gas came by pipeline principally from

the Gulf Coast; distillate was refined locally from imported or Gulf

area crude; and residual, though small amounts were refined

locally, came principally as foreign imports, In this subregion coal

lost most of its heating market sometime ago because of the greater

convenience of other fuels, It was distillate and natural gas, not

residual, that captured most of coal's market ("Coal Presses. . .

1961), New England was virtually without fuels so all needed to be

imported.

In PAD II there was some locally produced natural gas as well

as considerable quantities of local coal, Again coal played a relatively
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small role in the heating market and both natural gas and distillates

were more important than residual.

Location Quotient. The percentage of total residual fuel sales

for each PAD district that went to heating was calculated. After

obtaining this percentage it was possible to determine whether a

given PAD district deviated markedly from the national figure by

performing one additional calculation,

The method used was called the Location Quotient and was a

means of evaluating the district share to a given market sector in

relation to the national share to that same market sector. The

technique compared the district market to the national market as

follows:

district sales of residual to heating
district sales of residual to all markets

Location Quotient national sales of residual to heating
national sales of residual to all markets

When the district share going to one end use and the national

share were the same percentage, the location quotient would be 1.0.

If the district had a higher or lower percentage going to the end use,

the location quotient would correspondingly be greater or less than

1. 0. Location quotients are useful in regional analysis i'n that they

help to evaluate the relative importance of a market sector to a

district.



Source: Calculated from U.S. Bureau of Mines (l940-1972c).

Residual Fuel Oil Used by Industry

The industrial fuel market consumed between 15 and 32 percent

of the residual oil sales after 1940 (Figure 22). In 1955 it reached

a high of over 30 percent of total residual sales but by 1972 had

dropped to 15 percent. This did not reflect a major drop in actual

174

Location quotients for residual fuel oil sales for heating are

given in Table 36. Where the quotient is under 0.5, the market might

be considered relatively unimportant to that district, whereas, when

the quotient is over 1, 5, it might be considered an extremely

important market sector for the district compared to the national.

In this case, heating was a reasonably important end use for residual

in PAD I and II though declining some in relative importance through

time, In PAD IV residual for heating increased somewhat in relative

importance through time. In both PAD III and V, heating as an end

use of residual was relatively unimportant.

Table 36, Location quotients for heating uses of residual fuel.

PAD 1940 1950 1960 1970 1972

I 1.50 1,28 1,22 1.10 1. 10
II 1.56 1,31 1,27 1,35 1.20
III 0,45 0.27 0.06 0,10 0.21
IV 0.08 0.31 0,63 0.77 0.88
V 0.43 0.55 0.45 0.45 0.52
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sales of residual fuel to industry but rather a growth in the importance

of residual to other end uses, especially utilities. Figure 26 shows

the sales of residual fuel oil for industrial use through time. There

was growth from 1940 to 1953. After a slight downturn in 1954, it

rose again to its highest sales level in 1956. In 1957, there was a

decline and then a more marked downturn in 1958. This decline was

in response to the economic recession and accompanying industrial

slowdown, In 1959, some increase occurred and since then the

industrial market experienced a slight overall decline with a series

of minor oscillations.

Residual fuel oil in industry was used primarily to supply heat,

but unlike the space heating discussed in the previous section, indus-

trial applications included the generatior of heat for open-hearth

furnaces and soaking pits in steel mills, for kilns in cement and

related industries, for furnaces in chemical manufacturing, as well

as for firing steam boilers utilized in hundreds of other operations.

Table 37 shows the distribution of residual fuel sales among the main

industrial groups for 1971. As can be seen the bulk of the residual

energy used in industry went to several energy-intensive industries:

pulp and paper, primary metals, and chemical and allied products.

Petroleum refining was also a major user of residual fuel but was

reported separately from other industrial groups in the data gathered
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a1 1962 the major industrial consumers of residual fuel were primary
metals, 24, 9 percent; paper and allied products, 20. 1 percent;
chemicals and allied products, 11. 1 percent; and food and kindred
products, 11,0 percent.

Source: U.S. Bureau of the Census (l973b).

Table 37. Industrial uses of residual fuel, by groups,
(thousands of barrels and percent).

Industrial. group Amount Percent

Food and kindred products 9,872.1 7.6

Textile mill products 6,554.4 5.0

Paper and allied products 46,499,5 35.8

Chemicals and allied products 19,056.6 14.7

Rubber and plastic products 2,377.2 1.8

Leather and leather plastics 579.8 0.4

Stone, clay, and glass products 8,410.0 6.5

Primary metal industries 20, 966.7 16. 1

Electrical equipment and suppUes 2,526.1 1.9

Transportation equipment 3,503.5 2.7

Instruments and related products 1,163.5 0.9

Other industries 8,513.6 6.6

Total 130,023.0 100.0
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by the Bureau of Mines (Figure 3) and will be discussed in a subs e-

quent section,

The Residual Fuel Share of
the Industrial Market

In the industrial fuel market, competition existed but it was

difficult to determine its extent. Most statistics simply specified the

amount of coal, oil, or natural gas going for industrial use and did not

separate the part utilized as raw material from that used for heat

and power. 113 According to the Bureau of Mines (1961m), no data

were available on the part of industrial fuel that ultimately was used

to generate electrical power (termed nonutility power). Residual

fuel had few non-energy uses, but coal, coke, and natural gas were

all utilized as raw materials, especially by the chemical and related

industries,

Technological factors also restricted the energy resources that

could be used by certain manufacturers. Metallurgical coke was

required in the production of iron, gas was required for fine heat

control and minimum contaminants in glass production, and elec-

tricity was required in certain electro-chemical and electro-

metallurgical industries such as aluminum. 114 Of course, industry

'13The Bureau of Mines did not report fuel and non-fuel industrial
use separately until 1964.

"4Electrically-generated heat is usually much more expensive than
heat produced by using fuel and it is, therefore, only rarely
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also required electricity for lighting and most stationary power. To

the extent that mobile power was used, there was almost no alterna-

tive to diesel or gasoline (Guyol, 1971).

No attempt will be made to compare or show changes that have

occurred in the industrial energy market mix through time as it is

impossible to isolate the part of the market that is competitive with

residual fueL

Regional Variations in the Consumption
of Residual Fuel by Industry

More than half of the residual fuel used in the United States by

industry consistently was consumed in PAD I (Table 38). Within this

district, the Middle Atlantic subregion consumed the largest per-

cent. This was to be expected as it also had the greatest concentra-

tion of industry. New England typically consumed about half as much

as the Middle Atlantic subregion, but considerably more than the

Southeast until 197Z. The Southeast had shown much greater growth

in residual consumption through time than the other two subregions.

This was because relatively little residual was used in the 1940's as

this subregion had a late start in industrial development.

In PAD II residual fuel for industry was greatest in the Great

Lakes subregion, but again this was the area that had the most

practical to use it for industrial heating except in the few electro-
process industries.



Source: Based on data in U.S. Bureau of Mines (l940-1972c).

Table 38. Sales of residual fuel for industrial use, by PAD district, 1940-1972 (thousands of barrels and percent).

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 38, 578 57.9 45, 343 49.7 81, 780 55.2 98, 870 57. 1 99, 735 63.4 92, 422 65.7 95, 930 68.7 99, 284 69.8

NewEngland 10,906 16.4 8,781 9.6 22,171 15.0 23,935 13.8 23,872 15.2 21,807 15.5 26,013 18.6 25,897 18.2
Middle Atlantic 24,481 36.8 30,586 33.5 49,972 33.7 57, 601 33.3 55, 209 35.1 51, 454 36.6 51, 305 36.7 46,670 32.8
Southeast 3,191 4.8 5,976 6.6 9,637 6.5 17, 334 10.0 20, 654 13.1 19, 161 13.6 18, 612 13.3 26, 717 18. 8

PAD II 16, 730 25. 1 28, 101 30.8 44,848 30.3 47,491 27.4 37, 567 23.9 30, 253 21.5 20. 803 14.9 20,614 14.5

Great Lakes 14,799 22.2 24,541 26.9 39, 609 26.7 42, 321 24.5 28, 713 18.3 24,425 17.4 14,328 10. 3 13, 181 9.3
Bluegrass 198 0.3 468 0.5 903 0.6 610 0.4 362 0.2 673 0,5 1,166 0.8 283 0.2
Upper Mississippi 1,355 2.0 2,570 2.8 3,582 2.4 3,457 2.0 6,898 4.4 4, 340 3. 1 4,210 3.0 5,758 4.0
Great Plains 378 0.6 522 0.6 754 0.5 1, 103 0.6 1,594 1.0 815 0.6 1,099 0.8 1,392 1.0

PAD III 803 1.2 1,432 1.6 2,946 2. 0 3,936 2.3 4,894 3. 1 2, 287 1.6 3,066 2.2 4,832 3.4

East Gulf 622 0.9 1,169 1.3 1,813 1.2 2,070 1.2 2,663 1.7 1,498 1.1 2,557 1.8 2,884 2.0
West Gulf 181 0.3 263 0.3 1,133 0.8 1,866 1.0 2,231 1.4 789 0.6 509 0.4 1,948 1.4

PAD IV 235 0.4 777 0.9 1,883 1.3 2,298 1.3 3,272 2.1 3,767 2.7 3,003 2.2 3,110 2.2

Rocky Mountain 235 0.4 777 0.9 1,883 1. 3 2,298 1. 3 3,272 2. 1 3,767 2. 7 3,003 2. 2 3, 110 2. 2

PAD V 10,264 15.4 15, 523 17.0 16,654 11.2 20,435 11.8 11,802 7.5 11,873 8.4 16,845 12.1 14,480 10.2

Pacific Northwest 3,508 5.3 6,282 6.9 7,502 5. 1 11,011 6.4 4,567 2.9 4,039 2. 9 5,649 4.0 7,758 5.5
Pacific Southwest 6,756 10. 1 9,241 10. 1 9, 152 6.2 9,424 5.4 7,235 4.6 7,834 5.6 11, 196 8.0 6,722 4.7

Total United States 66,610 91,176 148,111 173,030 157,270 140,602 139,647 142,320
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industry. The Upper Mississippi subregion utilized between 2 and 5

percent of the national total and the Great Plains and Bluegrass sub-

regions of PAD II utilized very little residual. In PAD III and IV

demand was principally the local availability of natural gas, whereas

in PAD IV it was because of a limited amount of industry. Residual

fuel demand by industry in PAD V had been between 10 and 20 million

barrels a year, of which the Pacific Southwest had generally con-

sumed more than the Pacific Northwest, as shown in Table 38,

Figure 27 shows a graphic presentation of the use of residual

fuel for industry by PAD districts through time. This again points

out the fluctuations that residual fuel experienced in the industrial

market. The greatest change was the decline in PAD II after 1950.

Location Quotient. Location quotients for residual fuel oil

sales to industry are shown in Table 39. As previously discussed

(p. 173), when the quotient is 1,0, the districtts share to a given

market is equal to the percentage of the national sales going to that

market. As Table 39 shows, PAD I was above the national rate to

industry in 1940 but since then has been very close to it, In PAD II,

the district consistently had a much larger part of its residual sales

going to industry than the nation as a whole. The quotient has

remained quite constant through time, indicating that as the absolute

amount sold in the district changed (in this case declined) the district

share sold to industry still remained consistently higher than the
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national share. Industry should be considered a very important end

use of residual in PAD II.

In PAD IV, although the absolute amount going to industry was

small, its relative importance to other end uses was much higher

than the national rate in 1970 and 1972, PAD III and V have quotients

far less than 1.0 for most years but in both cases the importance of

residual to industry in the district was more nearly approaching the

national share in recent years.

Table 39. Location quotients for industrial uses of residual
fuel.

PAD 1940 1950 1960 1970 1972

I 1.42 1.12 1.08 0.93 0.94

II 1.45 1.84 1.62 1.65 1.67

III 0.08 0.17 0.48 0.56 0.99

IV 0,24 0,52 1,01 1.88 2.10

V 0,64 0,57 0.41 1.03 0.80

Source: Calculated from U. S. Bureau of Mines, 1940- j972c.

Residual Fuel Oil Used by Oil Companies

Oil company use of fuel was separated from other industrial

uses in data reported by the Bureau of Mines. Thus one fuel-intensive

industry could be examined in more detail. Oil companies used fuel

both in field operations and to run the refineries, with typically about
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half of the tqtal energy mix going to each.
115 Of the residual fuel oil

consumed, the greater part was used in the refineries (88.7 percent

in 1972) (U.S. Bureau of Mines, l972e).

Residual fuel oil used by oil companies in 1940 amounted to

15 percent of the total residual fuel oil consumed, but this percentage

steadily declined. In 1972 it was down to less than 5 percent, as can

be seen in Figure 22.

Figure 28 illustrates that oil company consumption of residual

fuel oiJ. remained relatively constant for more than 30 years. This

trend for residual fuel consumption occurred at the same time that

oil production, in terms of refinery throughput of crude, was increas-

ing by 231 percent. The total heat requirements of a refinery (where

most of the residual was utilized) were a function of two variables,

crude oil runs and the amount of heat required per barrel. The heat,

in British thermal units, required per barrel of crude processed,

decreased from 829, 000 Btu per barrel in 1925 to 626, 000 Btu per

barrel in 1952, reflecting increased refinery efficiencyhl6 (U.S.

U50f the total energy mix used by oil companies, refineries used
46 percent in 1940 and 56 percent in 1970 (U.S. Bureau of Mines,
l940e and 1970e).

Nelson (1962) calculated the average efficiency in refineries in
1962 to be about 75 percent versus 63 percent in 1930. Factors
contributing to greater efficiency were larger refineries,
modernization of od refineries, better control instrumentation,
tighter fuel budgeting, and fuel conservation methods (Huneke,
1966).

116
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Figure 28. Residual Fuel Oil Sales for Use by Oil Companies, 1940-1972 (millions of barrels).
Source: Based on data from U.S. Bureau of Mines (1940-1972c).
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Bureau of Mines, 1952e; American Petroleum Institute, 1971). After

1952 the figure increased again to 725, 000 Btu per barrel by 1965

and then declined to 688, 000 Btu per barrel by 1972.
117 Changes in

the Btu requirements reflected changes in refining operations;

especially important was the increased complexity, and the degree to

which they were offset by increased thermal efficiency.

The Residual Fuel Share of
the Oil Company Market

Oil companies in the United States employ a wide range of fuels

to meet their energy requirements. The most important are natural

gas, refinery gas, and residual fuel. These three accounted for

89 percent or more of oil company requLrements after 1940, with the

balance being made up of other fuels, including distillate fuel oil,

petroleum coke, acid sludge, coal, liquefied petroleum gases,

purchased steam, and purchased electricity (Figure 29). Although

steam and electricity were not fuel in the strictest sense, they were

energy inputs used by oil companies principally in refining operations.

117These figures were United States average heat requirements and
there was considerable regional variation in the number of Btu
utilized to refine a barrel of crude. In 1970, the Texas Gulf had
the highest demand at 913, 000 Btu per barrel and Appalachian II
the lowest at 428, 000 Btu per barrel, a difference of 485, 000 Btu
per barreL
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Source: Based on data from U.S. Bureau of Mines (1940-1972c;
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Residual filled 20.8 percent of oil company fuel demand in

1940 but subsequently declined in importance; by 1965 it supplied

only about 5 percent of oil company requirements. Part of the reason

for the decline in residual fuel was the greater handling and burning

costs associated with residual fuel, Recently the enactment of air

pollution regulations also favored the use of gas. Refinery gas in

1940 was used to about the same extent as residual fuel but, unlike

residual, it has maintained about the same relative position in the

market and in absolute figures its consumption has increased. Part

of the explanation for the growth in use of refinery gas lies in the

fact that the most important sources for it are catalytic cracking and

reforming (Huneke, 1966), both of which have increased in capacity

since 1940 making more gas available for use as fuel, Natural gas

has consistently supplied the greatest part of oil company demand.

In 1940 it accounted for over 50 percent and after 1950 approximately
11865 percent.

Petroleum coke, though not a major oil company fuel in the

1940's, increased in importance and after 1960 supplied in excess of

6 percent of total demand, Coke burned by refineries included both

catalytic coke (burned from catalytic cracking catalyst) and that

118k 1962 petroleum refining was the largest single industrial con-
sumer of natural gas, burning almost 60 percent more than the
second largest consumer, the chemical industry (Huneke, 1966).
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produced by coking processes. According to Huneke (1966), from

1960 through 1964, catalytic coke accounted for 90 percent of the coke

consumed as fuel by oil refineries.

Figure 30 shows the percentage changes that have occurred in

oil company fuels between 1940 and 1970 in five-year blocks. Resi-

dual fuel increased some in the 1940-1945 period and again from 1965

to 1970, but for the intervening time had shown decline, Distillate

fuel, though used in small amounts, showed considerable growth,

especially in the 1945 to 1950 period. This was principally for field

rather then for refinery operations. Natural gas demands increased

consistently, meeting much of the new fuel demands as refining

capacity increased. The use of refinery gas increased in proportion

to it availability from refining processes. Petroleum coke showed

tremendous growth from 1940 to 1945 and 1945 to 1950, lessening

somewhat from 1950 to 1955, and then increasing rapidly from 1955

to 1960. This growth reflected the increased use of coke as a

catalytic cracking catalyst.

Total fuel consumption by oil companies grew in each five-year

period but showed the largest increases from 1940 to 1945 and again

from 1950 to 1955.

Regional Variation in the Consumption
of Residual Fuel by Oil Companies

In 1940 residual fuel consumption by oil companies was fairly
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evenly distributed among the PAD districts except for PAD IV which

had limited refining capacity and accounted for a very small part of

the total. This same distribution held through 1945, but by 1950,

PAD Is share had increased to almost 40 percent and PAD IIIs share

had declined sharply from approximately 21 percent to 8 percent.

PAD IV doubled in relative importance but was still small by compari-

son to most other districts,

After 1950 the residual fuel used by oil companies in PAD III

continued to decline but the use in most other districts was

reasonably constant. An exception was PAD II, which evidenced

considerable growth from 1970 to 1972 (Table 40).

Much of the subregional variation within the PAD districts was

a reflection of refining capacity as well as availability of competing

fuels, principally natural gas. Figure 31 shows the spatial changes

that occurred in oil company consumption of residual fuel. The most

striking feature was the small amount of change that occurred through

time, except for the marked decline from 1940 to 1950 in PAD III,

and the growth from 1970 to 1972 in PAD II.

Location Quotient. The calculation of location quotients showed

that PAD I had consistently been below the national average and after

1960 had become further removed (Table 41). PAD II and IV con-

sistently and increasingly supplied a larger part of their residual for

this end use. The size of the quotient in PAD IV was somewhat



Source: Based on data in U.S. Bureau of Mines (l940-1972c).

Table 40. Sales of residual fuel for oil company use, by PAD districts, 1940-1972 (thousands of barrels and percent).

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 16,063 31.6 17,011 29.7 21,242 39.9 20,732 38.8 18,234 40.5 11,553 33.6 13,703 35.8 12,481 28.2

New England 1,311 2.6 897 1.6 1,243 2.3 1,007 1.9 757 1.7 170 0.5 277 0.7 265 0.6
Middle Atlantic 14,534 28.6 15,881 27.7 19, 720 37.0 19, 212 36.0 17, 089 37.9 11, 165 32.5 12, 944 33.8 11,762 26.6
Southeast 218 0.4 233 0.4 279 0.5 513 1.0 388 0.9 218 0.6 482 1.3 454 1.0

PAD II 13, 396 26.3 16, 026 28.0 16, 252 30.5 16,453 30.8 15, 356 34. 1 10. 963 31. 9 12, 263 32.0 19, 710 44.5

GreatLalces 7,812 15.4 10,934 19.1 12,321 23.1 11,666 21.9 11,679 25.9 8,471 24.7 10,176 26.6 15,807 35.7
Bluegrass 410 0.8 363 0.6 352 0.7 199 0.4 49 0. 1 12 < 0. 1 51 0. 1 620 1.4
Upper Mississippi 446 0. 9 557 1,0 988 1. 9 1,427 2.7 1,587 3,5 1,585 4.6 1,323 3.5 1,525 3. 4
Great Plains 4,728 9.3 4, 172 7.3 2,591 4.9 3, 161 5.9 2,041 4.5 895 2.6 713 1. 9 1,758 4.0

PAD lit 12, 036 23.7 11,875 20.7 4,412 8. 3 4,648 8.7 2,028 4.5 750 2.2 1,532 4.0 1,724 3.9

East Gulf 1,228 2.4 1,447 2.5, 617 1.2 520 1.0 332 0.7 117 0.3 338 0.9 1,091 2.5
West Gulf 10,808 21,2 10,428 18.2 3,795 7. 1 4, 128 7.7 1,696 3.8 633 1. 8 1, 194 3. 1 633 1.4

PAD IV 1,050 2.1 2,080 3.6 3,814 7. 2 3,504 6.6 2, 158 4.8 1, 195 3.5 1,482 3. 9 2,398 5.4

Rocky Mountain 1,050 2. 1 2,080 3.6 3,814 7.2 3,504 6.6 2, 158 4.8 1, 195 3.5 1,482 3.9 2,398 5,4

PAD V 8,319 16.4 10, 344 18.0 7,543 14.2 8,050 15. 1 7,285 16.2 9,893 28.8 9,338 24.4 7,978 18.0

Pacific Northwest 238 0.5 361 0.6 495 0.9 653 1.2 1,091 2.4 1,207 3.5 1,637 4. 3 1,868 4.2
Pacific Southwest 8,081 15.9 9,983 17.4 7,048 13.2 7,397 13.9 6, 194 13.7 8,686 25. 3 7,701 20. 1 6, 110 13.8

Total United States 50,864 57, 336 53, 263 53, 387 45,061 34, 354 38, 318 44,291
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Figure 31. Residual Fuel Oil Sales for Oil Company Use, by PAD Districts,
1940-1972 (millions of barrels).

Source: Calculated from U.S. Bureau of Mines (1940-1972c).
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misleading because of the very small total residual consumption. The

quotient in PAD III was larger in 1940 than in any succeeding year,

reflecting the decline in residual as a result of the rising use of

natural gas, In recent years, the quotient was near unity, The

increasing quotient from 1940 to 1970 in PAD V reflected the declin-

ing residual sales to other end uses,

Residual Fuel Oil Used by Railroads

In 1940 railroads ranked second and only slightly behind indus-

try in the percentage of the residual they consumed. By 1945 they

were the single largest consumer, accounting for over 20 percent of

the residual fuel market. After that the importance of railroads as

a market for residual fuel declined rapidly and by 1955 accounted for

less than 3 percent of the total (Figure 22).

Table 41. Location quotients for oil company uses of
residual fuel.

PAD 1940 1950 1960 1970 1972

I 0.77 0.80 0.70 0.48 0.38

II 1.53 1.85 2.30 3.52 5. 13

III 1.46 0.70 0.70 1.00 1.13

IV 1.42 2.01 2.33 3.35 5.19

V 0.68 0,72 0.89 2.06 1.42

Source: Calculated from U.S. Bureau of Mines,
l972c,

1940-



1l9 1954, 78.7 percent of total railroad fuel mix went for motive
consumption (U. S. Interstate Commerce Commission, 1955).

195

The greatest absolute demand for residual fuel by railroads

also occurred during the war years (Figure 32). It reached a peak

demand of 116, 278, 000 barrels in 1943, held rather constant through

the remainder of the war, and then declined dramatically. By 1954

railroad residual demand was only 16, 122, 000 barrels or 13. 9 per-

cent of what it had been 11 years earlier. From 1954 on, residual

fuel supplied a very small fraction of railroad power.

The railroad use of fuel was for both motive and non-motive

purposes. Motive consumption went for freight and passenger trans-

port and yard switching, while non-motive consumption included all

other fuel demands (U.S. Bureau of Mines, 1961m). Residual fuel

could be used for either. In 1954, according to Interstate CornmerCe

Commission data, 62. 9 percent of the residual purchased by the

railroads went for motive purposes and the remainder for non-road

119use.

The Residual Fuel Share of
the Railroad Market

The shift in fuel utilization by the railroads became quite

extreme, going from about 90 percent coal in 1925 to about 90 percent

distillate fuel by the early 1960's. The position of residual fuel also
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was affected, though not on such a major scale. In 1940 residual fuel

commanded about 15 percent of the market, coal about 84 percent,

and distillate less than 1 percent. By 1945, the share held by coal

had declined to about 80 percent and both residual and distillate had

correspondingly increased. From then on both coal and residual

declined (though residual not as rapidly) and distillate continued to

increase until by 1972 it supplied 98. 8 percent of the railroad market.

Figure 33 shows the relative importance of railroad fuels through

time.

The reason for these fuel shifts was found in the type of locomo-

tive being used. In 1925, 99 percent of all railroad locomotives were

steam engines; in 1965, the same proportion (of a smaller total) was

diesel-electric (Darmstadter, Teitalbaum, and Polach, 1971).

Railroad Dieselization. The design principles of the diesel

engine were patented in Germany in 1892. Its basic features are the

high compression of air within a cylinder, and as a consequence, the

heating of the air to such a degree that injected fuel spontaneously

ignites. The diesel has a high air to fuel ratio (which is varied with

the load conditions) and this fact plus its high compression makes it

quite efficient (more so than the gasoline engine and also it can use

a less costly fuel) (Schurr etal., 1960).

The first commercial diesel engines were built in the United

States in 1898, but it was not until the 1930's, after development o an
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improved fuel-injection system, that diesel engines began to come

into use in vessels, trucks, power generators, and mining and manu-

facturing equipment. The first diesel-electric locomotive units also

were being developed in the 1930's and were tested on the main line

of the Santa Fe, Los Angeles, and Chicago Railroad just before

World War II (Foster, 1956). Further development was delayed,

however, by the war and it was not until the postwar period that

dieselization of the railroads occurred. When it did, it proceeded

with tremendous speed and the American railroad system became
120almost totally dieselized in less than 10 years.

This phenomenon dramatically affected the competitive fuel

market, because the source of energy used in rail transportation is

determined, at any given time, by the type of locomotive then in use.

Figure 34 shows the percentage change in each competitive railroad

fuel by five-year periods from 1940 to 1970. The effect of dieseliza-

tion is clearly shown by the growth in distillate demand and the

corresponding drop in coal and residual demand.

Figure 34 shows not only change in the consumption of competi-

tive fuels but also change in the total fuel consumed by railroads.

Total consumption declined by almost 45 percent from 1945 to 1950,

120According to the Oil and Gas Journal ("Importers Fight. .

1955), from 1949 to 1955 the railroads purchased over 14,000
diesel units but only 121 steam locomotives and 20 electric units.
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by over 55 percent from 1950 to 1955, by 40 percent from 1955 to

1960, and by about 12 percent from 1960 to 1965, By 1970 railroad

fuel consumption amounted to only 12. 9 percent of what it had been in

1945.

The reasons for this decline in fuel consumption were two-fold.

First, the amount of train transport had declined. In 1945, freight

was hauled 1,736, 818, 218, 000 ton-miles; by 1970, this had declined

to 764, 809, 021, 000 ton-miles. Likewise, passenger transport

declined. In 1945 they rode a total of 91, 717, 226, 000 passenger-

miles and in 1970 the total was only 10, 739, 618, 089 passenger-miles

(U.S. Interstate Commerce Commission, 1956, 1972). This rep-

resented a 56.0 percent drop in freight and a 88. 3 percent decline

in passenger transport. Second, diesel engines were more efficient

than steam locomotives. Diesels operated on distillate fuel oil and

did so at considerable savings in both physical volume of fuel con-

sumed and in dollar value.

In discussing this increased efficiency, Odell (1963) stated that

in certain switching operations one ton of diesel fuel (which has the

heat equivalent of 1. 5 tons of coal) could save up to 7 tons of coal.

Foster (1956) also discussed the greater efficiency of diesels and

compared operating costs by stating that a diesel-electric could do as

much work on $1 of distillate as the steam engine could do on $2 of

residual fuel.
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Diesels had the added advantage of eliminating the need for large

quantities of suitably treated boiler water, which necessitated lake

impoundments, chemical treating units, and right of way tankage.

Steam engines also required frequent stops to take on water. With

the switch to diesels more than 90 percent of the water demand was

removed as diesels need only engine cooling water in comparatively

small amounts.

Regional Variations in the Consumption
of Residual Fuel by Railroads

In 1940 over 40 percent of the residual fuel consumed in the

United States by railroads was used in PAD V. PAD III ranked

second in importance using 30 percent followed by PAD II with 20

percent. This same distribution pattern held through 1945 although

the percentages were based on a considerably larger amount of fuel.

In 1950, again the relative patterns remained unchanged but the per-

centages were based on a considerably smaller total. By 1955, PAD

V was still the leader but PAD II and PAD III had declined in relative

importance to the point that railroads in PAD IV consumed more resi-

dual than those in either PAD II or III (Table 42).

After 1955 the total quantity of residual fuel consumed by rail-

roads became so small as to make regional distributions rather mean-

ingless, except perhaps to say that residual fuel use did not decline



Table 42. Sales of residual fuel for railroad use, by PAD districts, 1940-1972 (thousands of barrels and percent).

Source: Based on data in U.S. Bureau of Mines (i940-1972c).

N)

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 1,760 2.7 1,940 1.7 2,044 3.4 1,180 7.9 823 14.7 809 20.2 325 14.6 221 19.4

New England 113 0.2 111 0.1 243 0.4 268 1.8 97 1.7 127 3.2 69 3. 1 13 1. 1

Middle Atlantic 739 1. 1 746 0.7 1,087 1.8 589 3.9 622 11. 1 559 14.0 222 10.0 201 17.7
Southeast 908 1.4 1,083 1.0 714 1.2 323 2.2 104 1.9 123 3.1 34 1.5 7 0.6

PAD II 12, 559 19.4 17, 626 15.4 9,094 14.9 1,645 11.0 1,834 32.7 645 16. 1 1, 117 50.3 473 41.6

Great Lakes 391 0.6 613 0,5 826 1.4 516 3.4 1,104 19.7 279 7.0 583 26.3 205 18.0
Bluegrass 253 0.4 446 0.4 169 0.3 32 0.2 11 0.2 21 0.5 147 6.6 0 0.0
Upper Mississippi 1, 979 3.0 2,257 2.0 1,629 2. 7 204 1.4 378 6.7 61 1.5 56 2.5 62 5.5
Great Plains 9,936 15.3 14,310 12.7 6,470 10.6 893 5.9 341 6. 1 284 7. 1 331 14.9 206 18. 1

PAD III 19, 961 30.8 36, 650 32.6 19, 629 32.2 1,821 12.1 173 3. 1 92 2.3 39 1.8 14 1.2

East Gulf 4,699 7.2 5,940 5.3 2,926 4.8 118 0.8 75 1.3 10 0.2 7 0.3 0 0.0
West Gulf 15, 262 23.5 30, 710 27.3 16, 703 27.4 1,703 11.3 98 1.7 82 2.0 32 1.4 14 1.2

PAD IV 3,402 5.2 8,876 7.9 7,163 11.8 2,094 13.9 1,623 28.9 2,197 54.9 647 29.1 318 28.0

Rocky Mountain 3,402 5.2 8,876 7.9 7, 163 11.8 2,094 13.9 1,623 28.9 2, 197 54.9 647 29. 1 318 28.0

PAD V 27,222 41.9 47,205 42.0 22,948 37.7 8,278 55.1 1,157 20.6 2.58 6.4 94 4.2 111 9.8

Pacific Northwest 5,923 9. 1 10,541 9.4 6,609 10.9 1,400 9.3 247 4.4 130 3.2 64 2.8 46 4. 1
Pacific Southwest 21, 299 32.8 36, 664 32.6 16, 339 26.8 6,878 45.8 910 16.2 128 3. 2 30 1.4 65 5.7

Total United States 64,904 112,297 60,878 15,018 5,610 4,001 2,222 1,137
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as rapidly in PAD IV (Rocky Mountains) as in other areas.
121 Figure

35 presents a graphic picture of railroad consumption of residual by

PAD districts. In addition to showing every ten years, 1945 was also

included to show the large consumption during the war years.

Location Quotient. Location quotients were calculated to

evaluate the share that each district supplied to railroads compared

to the national railroad market for residual fuel. The results are

given in Table 43. The location quotients indicate that in 1940 rail-

road use of residual was one of its most important end uses in PAD

IV and also was more important in PAD Ill and V than in the nation as

a whole. In PAD I, railroads were an insignificant end use of residual

fuel.

By 1950 the location quotients' trends had intensified, with rail-

roads becoming an even more important end use in PAD's III, IV,

and V and even less so in PAD I. Again, PAD II was very near the

national average. The figures for 1960 and thereafter mean very

little as residual fuel had ceased to be used by railroads except in

very small amounts.

Steam locomotives did not lose ground to dies el-electrics as
rapidly in PAD IV with its rugged terrain because the greatest
advantage of diesels is their operation under conditions of maxi-
mum sustained speed.
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Table 43. Location quotients for railroad uses of
residual fuel.

PAD 1940 1950 1960 1970 1972

I 0.07 0.06 0.30 0,33 0.00

II 1.12 0.90 2.30 5.00 6.00

III 1.90 2.73 0.50 0.33 0.00

IV 3.60 4.75 14.30 23.33 4.00

V l74 1,92 1.20 0.33 1.00

Source: Calculated from U. S. Bureau of Mines, 1940-
l972c,

Residual Fuel Oil Used by Vessels
122

Fuel used to power vessels, termed bunker fuel, was an

important use of residual. In the 1940's it accounted for a little over

18 percent of all residual sold. It reached a peak of over 20 percent

in the mid 1950's and since then declined in relative importance

(Figure 22).

Although vessels declined in relative importance as users of

residual fuel, absolute consumption increased 26.6 percent from 1940

to 1972. In 1940 consumption by vessels was 61, 554, 000 barrels and

in 1972 it was 77, 932, 000 barrels. In the interim period, it

122 This section excludes the fuel used by military vessels.

06
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fluctuated considerably, from a low of 37, 817, 000 barrels in 1942 to

a high of 123, 651, 000 barrels in 1957 (Figure 36),

The Residual Fuel Share
of the Vessel Market

Liquid fuel was tried in ships before the First World War and

by its close virtually all naval vessels worldwide were burning oil

instead of coal. The merchant marine followed the exampJe of the

navies and the oil-fueled tonnage of the world rose to 18 percent in

1920 and to 40 percent by 1930 (U.S. Bureau of Mines, 1943f).

The development of American merchant shipping tells a similar

story of fuel substitution. Prior to the 1920's coal was the principal

vessel fuel but by 1921, oil-fired vessels for the first time exceeded

coal-burning steam ships in terms of tonnage. By 1940 coal had

declined to the point that it only commanded 14 percent of the vessel

market. This downward trend continued until coal reached the point

of insignificance in the vessel market. 123

The share of the vessel market supplied by residual fuel in 1940

was just over 71 percent, but since then has increased. After 1945

residual fuel typically controlled all but 15 to 20 percent of the vessel

market. This remaining part was shared equally by coal and distillates

in 1945 but subsequently distillate has been garnering an ever larger

123No coal-burning vessels had been built since the end of World War
II according to Darmstadter, Teitalbaum, and Polach (1971).
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Figure 36. Residual Fuel Oil Sales for Use by Vessels, 1940- 1972 (millions of barrels).

Source: Based on data from U.S. Bureau of Mines (l940-1972c).
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share. Figure 37 shows the sales of competing fuels for vessel use

from 1940 to 1972.

In contrast to the railroads, which with dieselization converted

rapidly to the use of distillate fuel, consumption of distillate fuel by

marine vessels rose much more slowly. The explanation lies

principally in the use of residual fuel by many "dieselTM ships. Heavy

residual fuel can be used in marine diesel engines and at a con-

siderably lower cost than distillates, In the mid 1950's residual fuel

was costing only 60 to 65 percent as much as distillates (Foster,

1956).
124

Figure 38 indicates the change in vessel fuel consumption by

fiveyear periods. Overall vessel consumption increased during the

war years of 1940 to 1945. Residual fuel. accounted for 96 percent of

this increase. After the war there was a decline in shipping followed

by an upward surge again during the early 1950's. During this period,

according to Foster (1956), 60 percent of the vessels built were

diesel ships yet the percentage of increase for distillate fuel was only

30 percent, indicating considerable number were being constructed

to operate on residual fuel.

1240ne diesel ship was reported to have operated for a year on all
residual, burning some 50, 000 barrels at a net savings of
$69, 500, The refitting of the ship's power plant to burn residual
cost $30, 600 (Foster, 1956).
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Source: Calculated from U. S. Bureau of Mines (1940-1970b;
1940-1970c).
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The period from 1955 to 1965 saw a decline in total vessel fuel

consumption followed by an upturn again in the 1965 to 1970 period.

Both residual and distillate increased but coal continued to decline in

this period.

Vessels for which the United States supplied bunker fuel

included both those operating in coastal and inland waters, and those

engaged in foreign trade, As can be seen from Table 44, which shows

the distribution for a typical year in the mid 1950's, the part of the

vessel market going to residual was greater in overseas shipping.

Table 44. Fuel consumption in coastal, inland, and foreign ships
bunkers, 1954.

Quantity
American Foreign

vessels vessels Total

Btu

(1012)

Foreign trade
Bituminous coal 61 366 427 11.6

(thousand tons)
Distillate fuel oil 305 9 069 9, 374 54. 6

(thousand barrels)
Residual fuel oil 29, 423 34, 618 64, 040 402.6

(thousand barrels)
Inland and Coastal bunkers

Bituminous coal 647 647 17.5
(thousand tons)

Distillate fuel oil 6,524 - 6,524 38.0
(thousand barrels)

Residual fuel oil 46, 424 - 46, 424 291.9
(thousand barrels)

Source: U.S. Bureau of Mines (1961m).



Regional Variation in the Consumption
of Residual Fuel by Vessels

Most of the residual fuel used for bunkering was sold in

PAD's I, III, and V. Pad I was consistently the leader but second

place in consumption of residual fuel for bunkering switched back and

forth between PAD III and V. Very small amounts of residual were

used by vessels in PAD II and virtually none in PAD IV (Table 45),

Within PAD I the overwhelming part of residual sold for vessels

was in the Middle Atlantic subregion as would be predictable simply

on the basis of the availability of port facilities. In PAD III the West

Gulf subregion accounted for the larger amount of residual sold but

the East Gulf was also significant. In PAD V the greater part by far

was purchased in the Pacific Southwest subregion. Figure 39 depicts

a graphic picture of regional variations in vessel consumption of

residual fuel through time.

Location Quotient, When the percentage of sales of residual

fuel in each PAD district for vessels was compared with the national

percentage going to that end use, it was found that only PAD III and V

were consistently greater, Of these, PAD III had very large quo-

tients, indicating that in this district vessel use was much more

important than it was on a national basis, The location quotient

indicated that in PAD V vessels were becoming a relatively more

important end use to that district. PAD I, though furnishing a large

213



Table 45. Sales of residual fuel for vessel use by PAD districts, 1940-1972 (thousands of barrels and percent).

Source: Based on data in U.S. Bureau of Mines (1940-l972c).

1940 1945 1950 1955 1960 1965 1970 1972

PADI 25, 906 42. 1 46, 484 46.3 36, 927 39.7 49, 776 43.2 36, 951 39.3 31, 801 43.2 41,524 46.2 38, 996 50.0

NewEngland 1,816 3.0 3,750 3.7 1,391 1.5 1,434 1.2 1,055 1.1 910 1.2 3,388 3.8 4,965 6.4
Middle Atlantic 22, 027 35.8 41,081 40.9 33, 885 36.5 45,019 39. 1 31, 578 33.6 27, 991 38.0 34, 334 38.2 31, 340 40.2
Southeast 2,063 3.4 1,653 1.6 1,651 1.8 3,323 2.9 4,318 4.6 2,900 3.9 3,802 4.2 2,691 3.5

PADII 858 1.4 1,144 1.1 1,723 1.9 2,471 2.1 1,218 1.3 1,501 2,0 1,047 1.2 780 1.0

Great Lakes 437 0.7 508 0.5 904 1.0 1,413 1.2 901 1.0 1, 172 1.6 1,042 1.2 643 0.8
Bluegrass 302 0.5 589 0.6 520 0.6 703 0.6 23 < 1.0 32 <0. 1 1 (0. 1 4 <0. 1
Upper Mississippi 119 0.2 47 <0. 1 299 0.3 355 0.3 281 0.3 297 0.4 4 < 0. 1 133 0.2
Great Plains 0 0.0 0 0.0 0 0.0 0 0,0 13 0,1 0 0.0 0 0.0 0 0.0

PADIII 17,487 28.4 21,497 21.4 32,689 35.2 36,749 31.9 25,659 27.3 19,163 26.0 21,488 23.9 16,913 21.7

EastGulf 5,300 8.6 4,478 4.5 8,768 9.4 11,031 9.6 9,758 10.4 8,016 10.9 10,221 11.4 7,354 9.4
West Gulf 12, 187 19.8 17, 019 17.0 23, 921 25.7 25, 718 22.3 15, 901 16.9 11, 147 15.1 11,267 12.5 9,559 12.3

PAD IV 0 0.0 0 0.0 0 0.0 1 <0.1 28 <0.1 0 0.0 0 0.0 0 0.0

Rocky Mountain 0 0.0 0 0.0 0 0.0 1 <0. 1 28 <0, 1 0 0. 0 0 0. 0 0 0.0

PADV 17,303 28.1 31,240 31.1 21,608 23.2 26,131 22.7 30,228 32.1 21,174 28.8 25,791 28.7 21,243 27.3

Pacific Northwest 1,078 1.8 4,633 4.6 2,346 2.5 2,477 2.2 2,405 2.6 1,704 2.3 2,442 2.7 1,057 1.4
Pacific Southwest 16, 225 26.4 26, 607 26.5 19, 262 20.7 23, 654 20.5 27, 823 29.6 19, 470 26.4 23, 349 26.0 20, 186 25.9

Total United States 61,554 100,365 92, 947 115, 128 94,084 73, 639 89, 850 77, 932
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Figure 39. Residual Fuel Oil Sales for Vessel Use by PAD Districts,
1940-1972 (millions of barrels).

Source: Calculated from U.S. Bureau of Mines (l940-1972c).



absolute amount for vessels, was considerably below the national

average and PAD II had a quotient that indicated it was very much

below the nation as a whole (Table 46).

Table 46, Location quotients for vessel uses of residual
fuel.

PAD 1940 1950 1960 1970 1972

I 1,03 0.80 0,67 0,63 0.68

II 0.08 0,11 0.09 0. 13 0.12

III 1.75 2.98 4.18 6.05 6.35

IV 0.00 0.00 0.01 0.00 0.00

V 1.17 1.18 1.77 2.45 2.15

Source: Calculated from U. S. Bureau of Mines, 1940.-
1972 c.

Residual Fuel Oil Used by the Military

All residual fuel oil sold to the Armed Forces, regardless of

its ultimate purpose, was classified as military use. Such military

use was less than 5 percent of the total residual sales in 1940 before

the start of the Second World War, climbed to about 19 percent duriig

the war years of 1943, 1944, and 1945, and then declined to about

5 percent again. Since 1950 the percentage going to the Armed

Forces has ranged between 2.5 and 7 percent (Figure 22).

One of the major military uses of residual was for vessel fuel

and thus the Navy had the greatest demand. Whereas large
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commercial vessels generally used a heavy type of No. 6, known as

Bunker C, the Navy generally demanded a lighter residual fuel

product known as Navy Special for use in military ships. The military

did, however, purchase some heavier grade fuel for uses such as in

other government vessels and in shore power plants (Orr and Van

Sant, 1960),

As would be expected the outbreak of World War II saw a rapid

increase in Navy ships (both combatant and noncombatant) and a

rapid acceleration of residual fuel demand. Demand rose from

26 million barrels in 1941 to 57 million barrels by 1942 and peaked at

101 million barrels in 1944. 125 After the war residual fuel demand by

the military dropped even more quickly than it had risen. Figure 40

shows residual fuel oil sales to the military from 1940 to 1972.

Figure 40 shows a number of temporary rises in the demand for

residual in the years after World War II. These correspond to

United States military involvements. From 1950 to 1953 the increase

was a result of the Korean War. The 1958 rise was principally the

125 During World War II approximately half of the supply tonnage was
made up of petroleuni products according to the Office of the
Army and Navy Petroleum Board (1950), They also pointed out
that a considerable part was Navy Special fuel, For example,
before the Philippine Islands invasion, the amount of Navy Special
fuel consumed in the Pacific was 150, 000 barrels per day. As the
second battle of the Philippine Sea began and increased in intensity,
more than 300, 000 barrels per day were being consumed.
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result of the Middle East situation which resulted in Marines being

dispatched to Lebanon. The rise in 1965 corresponded to the first

major escalation that occurred in the Vietnam conflict.

The decline in 1971 and 1972 was partly the result of the phase

in of Navy Standard distillate in place of Navy Special ("Military Fuel

Demand, , ., " 1971). This changeover was being done with the idea

of cutting maintenance costs but was proceeding slowly because of

budget problems ("Demand for Military. . ., " 1970).

United States military procurement of residual fuel oil in

foreign countries is not included in consumption data. Such procure-

ment had for most years since 1945 exceeded the amount purchased in

the United States (U.S. Department of Defense, Annual). 126

It would be meaningless to attempt to discuss the share of the

military market that residual supplies, because residual fuel was

used principally to power vessels (to a far lesser degree to heat

buildings, and generate power). As such it in no way competed with

The Armed Forces of the United States had traditionally made
extensive use of petroleum product sources overseas, Of the
1, 000, 000 barrels a day procured for Defense Department use in
fiscal year 1967, 450, 000 barrels, or 45 percent was purchased
from sources abroad, despite efforts to reduce dependence on
foreign sources to conserve foreign exchange. Because very little
of the products bought from these sources landed in the United
States, they were not counted in the total oil imports. The use of
foreign oil was therefore greater than total import figures indi-
cated by approximately the amount of the Armed Forces' pur-
chases abroad (U. S. Department of the Interior, 1968).



220

other military fuels such as jet fuel, aviation gas, and motor gaso-

line, and only to a limited extent with distillate fuels.

Regional Variation in the Consumption
of Residual Fuel by the Military

During 1940 most residual fuel procured by the military was

obtained in PAD V. At that time and throughout the war years 50 per-

cent or more o the military residual came from the West Coast.

This trend continued on through the early 1950's, but by 1955 almost

equal amounts of residual for the military were being procured in

PAD I and V. Since 1955 PAD I has supplied the largest amount

(almost 85 percent in 1972). Residual fuel procurement for military

use had consistently been very small in PAD II and IV. In PAD Ill

considerable resjdual fuel went for military use prior to, during,

and following the Second World War but since 1960 the amount had

been small and has declined 830, 000 barrels from 1960 to 1972

(Table 47).

The Middle Atlantic subregion supplied the greatest percentage

of military residual in PAD I. This would be expected as a result of

the major naval est3blishment (including naval base, shipyards,

supply center, and amphibious base) located at Norfolk, Virginia.

The New England subregion also procured substantial quantities of

residual which found its principal use at the naval base at Newport,



Table 47. Sales of residual fuel for military use by PAD districts, 1940-1972 (thousands of barrels and percent).

Source: Based on data in U.S. Bureau of Mines (1940-1972c).

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 4, 130 26.2 16, 885 17.3 10,632 37.5 12, 085 42.6 19, 010 59.9 21,740 53.8 19, 666 68.5 20, 890 84.8

New England 749 4.7 1,496 1.5 1,624 5.7 3,356 11.8 4,784 15. 1 4,941 12.2 4, 106 14.3 4,339 17.6
Middle Atlantic 3,181 20.2 13, 194 13.5 8,217 29.0 7,434 26.2 11,846 37.3 12, 301 30.5 15,039 52.4 15, 989 64.9
Southeast 200 1.3 2,195 2.3 791 2.8 1,295 4.6 2,380 7.5 4,498 11.1 521 1.8 562 2.3

PAD II 133 0.8 766 0.8 556 2.0 406 1.4 738 2.3 1,339 3.3 481 1.7 410 1.7

Great Lakes 63 0.4 248 0.3 179 0.6 180 0.6 499 1.6 878 2.2 293 1.0 46 0.2
Bluegrass 0 0.0 248 0.3 293 1.0 94 0. 3 8 0. 1 8 <0. 1 0 0.0 0 0.0
Upper Mississippi 69 0.4 246 0.3 60 0. 2 131 0.5 59 0.2 240 0.6 164 0. 6 30 0. 1

Great Plains 1 0.1 24 0. 1 24 0. 1 1 < 0. 1 172 0.5 213 0.5 24 0. 1 334 1.4

PAD III 2,615 16.6 28, 894 29.6 2,721 9.6 3,203 11.3 1,579 5.0 1,576 3.9 1,488 5.2 749 3.0

East Gulf 734 4.7 5,195 5.3 617 2.2 231 0.8 189 0.6 877 2.2 1,134 4.0 595 2.4
West Gulf 1,881 11.9 23, 699 24.3 2, 104 7.4 2,972 10.5 1,390 4.4 699 1.7 354 1.2 154 0.6

PAD IV 1 (0.1 2,309 2.4 17 0. 1 83 0.3 196 0.6 80 0.2 66 0.2 50 0.2

Rocky Mountain 1 <0.1 2,309 2.4 17 0. 1 83 0.3 196 0.6 80 0.2 66 0.2 50 0.2

PAD V 8,902 56.4 45,631 49.9 14,407 50.8 12,591 44.4 10, 201 32.3 15, 645 38.7 7, 003 24.4 2,523 10.2

Pacific Northwest 145 0.9 1,790 1.8 178 0.6 272 1.0 167 0.5 265 0.7 718 2.5 393 1.6
Pacific Southwest 8,757 55.5 46,841 48.0 14,229 50.2 12, 319 43.4 10,034 31.6 15, 380 38. 1 6,285 21.9 2,130 8.7

Total United States 15,781 97,485 28,333 28,368 31,724 40,380 28,704 24,622
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Rhode Island. Residual use in this subregion increased in relative

importance.

In PAD V the Pacific Southwest subregion was the major

supplier of miUtary residual. The explanation lay principally in the

fuel demands of the fleet located at the naval base in San Diego,

California. The demand in this subregion diminished greatly after

1945.

A graphic picture of the regional variations in residual fuel

demand by the military is shown in Figure 41. In 3ddition to pre-

senting every 10th year, 1945 has been included to show the effect of

World War II on residual demand by the riilitary.

Location Quotient. Location quotients were calculated to com-

pare each distrkt's percentage of residual fuel going to the military

compared to the national percentage going to the military. For 1940,

only PAD V had a high quotient (2. 32), indicating a considerably

greater percentage than the national gcing to military use, In 1945

both PAD III and V had location quotients over 1, 5 but neither were

extremely high. PAD IV was near the national average, PAD I

supplied considerably below the national average, and PAD II supplied

almost none.

For 1950 again PAD V exceeded the national percentage and

again by a considerable amount (2. 59); PAD I and III were near the

national average; and II and IV supplied a very small amount. By
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Figure 41. Residual Fuel Oil Sales for Military Use, by PAD Districts,
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PAD 1940 1945 1950 1960 1970 1972

I 0.64 0.53 0.76 1.02 0.92 1.11

II 0.04 0.06 0. 12 0. 16 0. 19 0. 19

III 1.02 1.57 0.82 0.76 1.31 0,89

IV 0.00 0.91 0.02 0.29 0. 19 0. 19

V 2.32 1.59 2.59 1.76 2.08 0.78

Source: Calculated frori U. S. Bureau of Mines, 1940- 1972c.

Residual Fuel Oil Used by Utilities

The principal use of residual fuel by utilities was for the genera-P

Uon of electricity. The statistics, however, included sales to both

gas utilities and electric power companies prior to 1967. 127 Since

then, sales to electric utilities only were included. In 1940 the

127
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1960 the quotient in PAD V was 1. 76, PAD I was very near the

national, PAD III was a little below the national, and PAD II and IV

were quite low, This did not change markedly again except PAD III

and PAD V increased again in 1970 and then declined below the

national average in 1972 (Table 48).

Table 48. Location quotients for military uses of residual fuel.

The fraction of the residual fuel sales to utili,ties that was used for
gas production was 34 percent in 1945, declined to 8 percent by
1950, and declined even further to 3. 5 percent by 1952 (American
Gas Association, 1946, 1951, and 1953), after which the American
Gas Association ceased to list residual fuel separately from
other oils used.
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utility market accounted for just over 8 percent of residual fuel

sales and declined to 6.4 percent by 1945. By 1950 this market sector

had risen to 16, 8 percent of the sales, and after slipping slightly in

1955 and 1960, continued to rise until it reached 47 percent in 1972.

The utility share of the residual fuel market is shown in Figure 22.

In absolute terms, residual fuel consumption by power com-

panies went from 8, 234 million barrels in 1940 to 435, 348 million

barrels in 1972 with the most spectacular growth occurring Lrom

1968 to 1972 (Figure 42). Part of the residual fuel increase can be

explained in terms of the increase in electric power consuniptiofl.

From 1940 to 1970 the production of electricity doubled every 10 years.

During this time electricity led all other forms of energy in its rate

of growth, and production reached 1. 3 trillion kilowatt hours n

1970128 (Fowler, 1975; U.S. Federal Power Commission, 1971).

Another part of the increase in residual consumption reflected changes

that occurred in the competitive position of the various fuels used to

generate electricity.

To produce the heat to run a steam turbine, a wide choice of

boiler fuels is available. The most commonly used fuels are

For the quarter century from 1940 to 1965, Gonzalez (1967) cal-
culated the increase in the use of electricity at a rate of 8 percent
compounded annually, compared with 3. 5 percent for total energy
(4.5 percent for petroleum liquid fuels and 7. 5 percent for
natural gas).
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Figure 42. Residual Fuel Oil Sales for Use by Gas and Electric Public
Utilities, 1940-1972 (millions of barrels).

Source: Based on data from U.S. Bureau of Mines (l94O-l972c).
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bituminous coal, residual fuel oil, and natural gas. U. S. Federal

Power Commission data in 1968 showed that one in three installations

could use more than one type of fuel. A typical example would be a

plant that burned natural gas in the summer, when residential and

commercial space heating demands are low, and then burned coal in

the winter, Many other fuel combinations are also common.

Most internal combustion engines for power generation burn

distillate fuel, and gas turbines generally operate on distillate fuel

or natural gas, although as Vermes (1972) pointed out, numerous

attempts had been made in the last 20 years to extend the list of

acceptable industrial gas turbine fuels. Pulverized coal and residual

fuel have been prime candidates.

Thus it can be seen that a number of fuels could be used to

generate electricity. In fact, few markets were as competitive as

129the large multi-fuel power stations. In this case, as in most cases

where technically there was a high potential for substitution among

different forms of energy, price was frequently the decisive factor in

Manners (1964) stated that the thermal electricity industry in the
United States in many respects was the nearest approach to a
perfectly1 competitive market. This was because the units of

consumption within the market were very large. Large enough,
in fact, to make it worthwhile to construct transportation and
storage facilities where none were available. Thus the various
fuels could technically compete on more or less equal terms and
the cost of installing equipment that could burn two or more fuels
was not much more than the cost of equipment that could burn
only one.



determining the energy used. This was price per unit of energy

output evaluated in the context of associated costs of handling,

waste disposal, and pollution prevention.

The Residual Fuel Share of
the Electric Utilities Market

228

Electrical energy is produced commercially in only two ways:

1) converting chemical energy directly to electrical energy in the

battery, and 2) by converting mechanical energy to electrical energy

in the generator. The battery accounts for an extremely small

fraction of the total used.

At present there are two important sources of mechanical

energy that are used to turn generators: heat engines (steam turbine,

internal combustion, and gas turbine) and hydropower (from falling

water) (Fowler, 1975), The heat engines have increasingly domi-

nated the production of electricity since 1940. In 1940 they rep-

resented 72. 5 percent of electric-generating capacity and hydro-

power supplied the remaining 27,5 percent. In 1970 the figures were

83.8 percent thermal and 16.2 percent hydropower (Table 49),

The steam turbine is the most important of the various heat

engines and in 1970 generated 83 percent of the electricity. Unfor-

tunately, the efficiency of this conversion (thermal to mechanical to

electrical) was extremely low, with a national average of about



Table 49. Electric generating plants, number and capacity, by type of prime mover (contiguous United States (capacity in millions of

kilowatts, and percent).

Year
a

Hydro Steam
no capacity °/ no. capacity %

Source: U.S. Federal Power Commission (1940-1970).

alncludes gas turbine since 1950.

Internal combustion
no. capacity °/

Total
no. capacity %

1970 1,183 55 16.2 1,330 281 82.6 1,006 4 1.2 3,519 340 100

1965 1,231 44 18.6 1,068 189 80.1 991 3 1,3 3,290 236 100

1960 1,331 32 19.0 1,060 133 79.2 1,044 3 1.8 3,435 168 100

1955 1,381 25 21.9 1,045 87 76.3 1,161 2 1.8 3,587 114 100

1950 1,458 18 26.1 1,051 49 71.0 1,358 2 2.9 3,867 69 100

1945 1,505 15 30.0 1,057 34 68.0 1,324 1 2.0 3,886 50 100

1940 1,474 11 27.5 1,153 28 70.0 1,291 1 2.5 3,918 40 100
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33 percent in the early 1970's130 (Fowler, 1975). The large steam

driven generators were designed to operate at maximum efficiency

when run continuously, at, or near their maximum power output.

Efficiency under these conditions might approach 40 percent, but when

stopping and starting are required there is considerable waste of both

time and fuel, This is especially true of coal-fired plants and even

more so when it is necessary to shut down a nuclear reactor, Such

generators are thus best utilized in providing a steady "base-load.

Gas-fueled or residual-fueled steam plants are more readily stopped

and started and more precisely controlled by automatic equipment

and are better suited to meet the intermediate load requirements.

Small gas turbines and diesel-driven generators are best in

providing additional requirements during periods of peak power

demand. Both can be turned on quickly (full power in three to five

minutes) but are even more inefficient (25-30 percent) and burn fuel

that is generally more costly (Fowler, 1975),

130 There have been significant improvements in the efficiency of
power generation. For example, the generation of one kilowatt
hour of electricity in 1940 required 1,34 pounds of coal, 0,112
gallons of oil, or 16,5 cubic feet of gas. In 1970, it took only
0. 909 pounds of coal, 0,076 gallons of oil, or 10.6 cubic feet of
gas (U.S. Federal Power Commission, 1940, 1970). A significant
factor in recent years (since the mid-1960's) has been the static or
even declining nature of the thermal efficiency of electric-
generating plants,
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Hydra-electric generation had never been the dominant source

of electricity because of a lack of good sites for development and such

sites as did exist were concentrated regionally. 131 Hydropower

does, however, have the advantage of greater efficiency (more than

90 percent) because of the one-step conversion of mechanical to

electrical energy (Fowler, 1975). Hydropower is good for peak

loads, and a type of operation termed pumped storage, though still

in limited use, has considerable potential. The concept is to pump

water into natural or manmade reservoirs at a higher location during

times of low power demand and release it to turn turbines at a time

of day when needed.

Figure 43 shows the consumption of the various fuels used for

power generation and how their relative importance has changed

through time, It also includes nuclear power, which came into

commercial use in 1957 and since has increased to the point that it

supplies three percent of the total, and water power, which has more

than tripled since 1940 in absolute output but has declined in rela-

tive importance. For comparison purposes nuclear energy and water

power are converted to Btu equivalents. 132 The most significant

131Landsberg and Schurr (1968) pointed out that of the ten largest
hydro-plants, most were situated on the Columbia River. Also,
two-thirds of all undeveloped potential lay in Pacific and Mountain
states,

'32The U.S. Bureau of Mines (1972e) uses the following conversions:
prior to 1964 data on hydro and nuclear power were calculated to
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Figure 43. Electric Utility Energy Consumption by Sources, 1940- 1972
(trillions of Btu).

Source:

Based on data from U.S. Bureau of Mines
(l940-1972c; 1940-1972t; 196O-l972e).
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feature of utility fuel consumption is the overall growth that has

occurred since about 1958.

From these data it is clear that coal has been the major

utility fuel since 1940 and, though declining a little in relative

importance (1970-1972), coal still supplies almost 44 percent of total

utility fuel demand. Natural gas is second in importance as a fuel

source and has consistently supplied more of the demand than resi-

dual but the difference has been lessening in the last few years. The

residual fuel share of the utility market oscillated between 6 and 12

percent from 1940 to 1970, but in 1972 it had increased to over 14

percent. Some of the reasons for the recent growth in residual use

include: 1) shortages in natural gas; 2) more stringent sulfur

emission restrictions; and 3) delays in bringing new nuclear plants

into operation.

Shortages in Natural Gas

In 1968 utility consumption of natural gas for production of

electricity was in excess of 3,1 trillion cubic feet or 15.8 percent of

total gas consumption for all purposes. Nearly half of the utility gas

coal input equivalent at the prevailing average pounds of coal per
kilowatt hour each year, using 13, 100 Btu per pound. In 1964,

12, 000 Btu per pound were used. Since 1965 hydro and nuclear
conversions are based on theoretical energy inputs calculated
from the national average heat rates for fossil-fueled steam-
electric plants.



consumption occurred in Texas and California1 (U. S. Cabinet

Task Force on Oil Import Control, 1970). Nationally the use of

natural gas had been growing very rapidly, almost doubling in the

lOyear period from 1960 to 1970. Natural gas was attractive

because of its cleanliness, ease of handling, and price. It was the

least polluting of the fossil fuels and thus most readily met air

quality standards, All of which have contributed to a high growth in

demand.

At the same time new discoveries of gas have not kept pace

with production and in 1968, for the first time, the absolute size of

United States gas reserves declined (TtBehind the Energy Crisis,

1971). With shrinking deliverable gas supplies, potential customers

in a number of areas were unable to obtain supply commitments and

the frequently purchased interruptible service was becomi1g far less

dependable. Recently there has been some importation of liquefied

natural gas and also plans are underway to make more synthetic gas

from imported oil. Generally, these are considerably more expen-

sive than domestic production delivered to the same market, even at

the higher new ceiling prices granted by the Federal Power Commis-

s ion.

1331n Texas natural gas accounted for almost all thermal-electric
generation and in California, about 84 percent of the total.
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More Stringent Sulfur Emission Restrictions

Electricity has a number of environmental advantages at the

point of consumption but it is not without adverse environmental

impacts during production and supply. According to a National

Academy of Science estimate (1966), electric power generation was

responsible for about 12. 5 percent of total air pollution in 1966.

Power plants, however, were the worst offender in the production of

sulfur dioxide, an extremely troublesome pollutant. The overwhelm-

ing source of the sulfur dioxide was the burning of coal.
134

The amount of sulfur released into the air tended to depend

greatly on the amount of sulfur in the various fuels. Natural gas was

practically free of this element because it was removed from the gas

before burning. 135 Petroleum contains sulfur in amounts ranging from

0. 5 percent to 0. 2 percent, and in coal sulfur varies from about

0,2 percent to 0. 7 percent (by weight) (Fowler, l975)
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134 In 1966 it was estimated that 46 percent of all sulfur dioxide
pollution came from power plants (41.7 percent from utility coal
and 4. 3 percent from utility oil) (U. S. National Air Pollution
Control Administration, 1969), Other estimates frequently place
the figure for power plant production of sulfur dioxide at 50 per-
cent or more (Buckingham and Homan, 1971).

'35About one-third of the natural gas in the United States and 90 per-
cent of that processed in Canada was treated to remove normally
occurring hydrogen sulfide in 1971 (Buckingham and Homan, 1971).



236

When the Federal Government enacted the Air Quality Act of

1967 and subsequent amendments, one of the pollutants for which air

quality standards were to be established was sulfur oxides. The

Public Health Service considers them to be among the most harmful

of all air pollutantsl36 (U.S. Public Health Service, 1967),

In order to meet air quality standards many urban areas

required fuel of less than one percent sulfur, Sometimes it was

easiest to meet this requiremert by switching from coal to low-

sulfur residual or natural gas if available, because most of the

lower sulfur coal reserves were in the western part of the

l36IIAmong the significant health effects of sulfur dioxide, sulfuric
acid and sulfate salts, individually and collectively, are broncho-
constriction, increased airway resistance, and increased respira-
tion and pulse rates, The resultant stress provides a reasonable
explanation for the increased morbidity and mortality observed
among individuals suffering from cardiorespiratory diseases as
pollution from sulfur oxides increasestT (U. S. Public Health
Service, 1967, p. ii and lii). Detectable increases in human
illness and death occur when the concentration of sulfur oxides in

the air averages, annually, 0,015 parts per million, This level is
exceeded in virtually all major American cities, Based on a
Public Health Service study, the Environmental Protection Agency
projected that annual monetary damage costs of sulfur oxides by

1977 will be as follows:

(U.S. Congress, 1972),

Damage class
Damage costs in

millions of dollars
Health $5, 440
Residential property 4, 660
Materials and vegetation 3, 680

Total $13,788



United States and most of the power generation demand was in the

137east,

To show the potential of residual fuel for meeting the sulfur

requirement, Table 50 is included. This shows the shipments from

refineries by sulfur content for a typical month, and also shows that

there is considerable variation among the refining districts. This

was borne out by U. S. Bureau of Mines studies to determine the

minimum, maximum, and average sulfur content of residual fuel

sold in the various parts of the country, as shown in Figure 44.

These data clearly indicate that residual fuel also exceeds a number

of the proposed or established standards (Table 14). 138

Several means of reducing sulfur emissions are available;

desulfurization of the fuel (as previously discussed for residual fuel,

p. 7-4) and removal of the sulfur from the smokestacks, The latter

method is receiving considerable attention and most indications are
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In the Annual Report of the Administration of the Environmental
Protection Agency (U. S. Congress, 1972), it was reported that
two-thirds of United States coal reserves were low sulfur, but
less than 10 percent of the low-sulfur coal lay east of the
Mississippi River and a large part of that was destined for special
uses such as metallurgical coke,

The Environmental Protection Agency in the first legal action of
its kind under the Air Quality Act, initiated action against
Delmarva Power and Light Company at Delaware City, Delaware,
because they were not complying with federal and state air quality
standards regarding sulfur dioxide emissions. Delmarva
burned high sulfur (6. 5-7. 0 percent) fluid coke (Getty Oil
Company v, William D. Ruckeishaus and Environmental
Protection Agency, 1973).

137
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Source: U.S. Bureau of Mines (1971q).

Table 50. Shipments of residual fuel oil from refineries by sulfur content, January, 1971
(thousands of barrels and percent).

Refining district
Under 0,5 0.6-1.0 1.1-2,0 Over 2,0 Total

shipmentsno. no. no, no, %

East Coast 518 15.5 1,216 36.5 161 4.8 1,440 43,2 3, 335

Appalachian No. 1 50 8.3 0 - 549 91,7 0 599

Appalachian No, 2 0 - 154 100.0 0 - 0 154

Indiana-Illinois-Kentucky 171 2.7 1,548 24,6 2, 329 37. 1 2,236 35.6 6,284

Minne sota-Wisconsin-
North & South Dakota 14 1.4 73 7,3 145 14,5 765 76.7 997

Oklahoma-Kansas-Missouri 134 13.9 104 10.8 342 35.6 381 39.6 961

Texas Gulf 714 14.7 1,692 34,8 448 9,2 2,003 4L2 4,857

Texas Inland 18 4,8 14 3,8 8 2,2 332 89.2 372

LouisianaGulf 59 3,1 1,488 78.7 12 0.6 331 17.5 1,890

Arkansas-Louisianalnland 76 30.5 11 4.4 19 7,6 143 57.4 249

New Mexico 29 38.7 0 - 0 - 46 61.3 75

RockyMountain 61 6.5 358 38.0 179 19.0 343 36.5 941

West Coast 3,316 2.8,8 196 1.7 7,991 69,4 5 <0, 1 11,508

Total U.S. 5, 160 16.0 6,854 21.3 12, 183 37.8 8,025 24,9 32, 222
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Figure 44. Sulfur Percentages of Residual Fuels Sold in the United States in 1960 and 1972.
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that smokestack scrubbing will be perfected soon (Nelson, 1968;

uFuel Outlook, 1972; Goldman, 1972). In 1969 the United States
6

power rndustry discharged to the atmosphere about 7 x 10 tons of

sulfur in the form of sulfur dioxide (Squires, 1971). In recent years

oil-fired power stations have accounted for approxiniately one-tenth

of the emission of sulfur dioxide from power generation in the United

States (Alpert, Wolk and Squires, 1971). Even when stack gas

scrubbing is used, mild desulfurization of residual fuel is likely to

be needed in order to satisfy emission control regulations (Steele

et al., 1973). In the meantime, the primary control technique may

139
continue to be changing to lower sulfur fuels.

Delays in Bringing Nuclear
Plants on Line

Nuclear power plant completion has lagged behind anticipated

schedules for a number of reasons. Nuclear power plants have

encountered very high capital costs and technological advances have

not been as rapid as expected (Mclvor and Brown, 197l) More

importantly, construction of a number of plants has been delayed or

'39After a staff study that indicated that oil had climbed to 58 percent
of fuel used by electric companies in New York, the Public
Service Commission ordered utilities to keep coal-fired generation
in service or in standby readiness The reason for this order
was: "The difficulty of predicting the political event that may
interrupt the flow of residual oil and uncertainties of the duration"
("Late News, 1972, p. 19).
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stopped by legal barriers, public fears, misunderstandings, and even

hostility. Much of this apprehension concerns possible discharge of

radioactive material, potential hazards associated with its transporta-

tion and storage, and increased thermal pollution (up to 10 percent

more) associated with nuclear generation ("Power Yes, " 1970;

Graham, 1971),

In the mid- 1960's the nuclear role in electric power generation

seemed assured. The first plant had come on line in 1957 and was

still operating well; a number of other plants had been completed,

some of which were regarded as truly commercially competitive.
140

New plant orders for nuclear generation were being placed at an

accelerated rate, culminating in a nuclear share of more than 50

percent of all new power plants ordered in 1967 ("Behind the Energy

Crisis, " 1970). As a consequence, the U.S. Atomic Energy

Commission (1967) forecast approximately 11, 500 megawatts of

installed nuclear-generating capacity by 1970; only about half of that

amount had been constructed by mid-1970. This delay in plant

construction opened the door for increased consumption of residual

and other fuels.

140The economics o nuclear plants depend greatly on size. They
must be quite large to reduce investment cost per unit of capacity
to the point that they are competitive with fossil fuel plants. In

1967 it was estimated that a nuclear plant had to have a capacity
over 40, 000 kilowatts to be competitive in most regions of the

nation (Gonzalez, 1967).



Changes through Time

A close examination of the changes that have occurred in energy

sources used for power generation through time shows that in the

1940-1945 period, natural gas grew the most rapidly, increasing

by about 80 percent. Coal, distillate, and hydro all increased by

45 to 60 percent and residual demand rose by over 20 percent. Total

power consumption increased by 50 percent (Figure 45). During the

1945 to 1950 period, residual demand for power generation increased

by 170 percent and distillate and natural gas consumption nearly

doubled. From 1950 to 1955 distillate and residual declined, natural

gas continued to increase rapidly as a utility fuel, and coal consurnp-

tion substantially increased. The decline in the residual consumption

during this period was due mainly to decreasing sales for the manu-

facture of gas (Schurretal., 1960). In the period from 1955 to 1960

total fuel consumption for power generation increased by about 25

percent and the greatest change was still natural gas with a 50 percent

increase,

Nuclear energy displayed phenomenal growth as an energy

source for power generation from 1960 to 1965, but this was because

it was first used in 1957, Also, during this 1960-1965 period, the use

of residual, natural gas, coal, and hydro all increased by 30 to

40 percent, and only distillate declined in importance.
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From 1965 to 1970, residual fuel, distillate, and nuclear all

showed extraordinary growth (172, 577, and 496 percent respectively).

In the case of nuclear and distillate, the percentage increase is large

as they started from a small base, Natural gas consumption

increased by 68 percent and coal and hydro gained a more modest

30 percent.

Regional Variations in the Consumption
of Residual Fuel by Utilities

PAD I consistently led all districts in the utilization of residual

fuel for power generation. In 1940 this district accounted for 82 per-

cent of the total and in 1972 for 81 percent, though it fluctuated a

little in the intervening years. The only other district to use sub-

stantial amounts of residual for power generation was PAD V. In

1940 this district accounted for 10 percent of the total, increased to

32 percent in 1955 3nd 1960, and then declined to 7. 6 percent in 1970,

only to rise again to 13.0 percent in 1972 (Table 51).

When the PAD subregions were examined, it was found that

demand was rather unevently distributed and some parts of a district

had much greater residual demand for utilities than others. The

Middle Atlantic subregion was the largest consumer in PAD I, and

had grown the most in absolute amount of residual used in recent

years. Price data for the competitive fuels in this subregion tended



Source: Calculated from U.S. Bureau of Mines (1940-1972c).

Table 51. Sales of residual fuel for use by gas and electric public-utility power plancs, by PAD districts, 1940-1972 (thousands of barrels and percent).

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 23, 222 82.2 25, 058 72.6 74,833 80.4 49,620 65.3 54, 966 64.4 90, 825 79. 1 271, 004 86.7 354,521 81.4

New England 5,694 20.2 4,505 13.3 21,352 22.9 15, 200 20.0 16,544 19.4 22, 455 19.5 73, 802 23.6 84,676 19.5
Middle Atlantic 13,223 46.8 13, 297 38.5 41,981 45. 1 17,056 22.5 25, 761 30.2 40,552 35.3 149,687 47.9 196, 790 45.2
Southeast 4,305 15.2 7,156 20.7 11,500 12.4 17,364 22.9 12,661 14.8 27,818 24.2 47,515 15.2 73,055 16.8

PAD II 1,615 5.7 2,593 7.5 2,693 2.9 1,216 1.6 778 0.9 1,048 0.9 12, 830 4. 1 17, 092 3.9

Great Lakes 437 1.5 589 1.7 1,367 1.5 266 0.4 405 0.5 365 0.3 9,478 3.0 14, 223 3.3
Bluegrass 108 0.4 111 0.3 61 0. 1 4 <0. 1 0 0 12 <0.1 121 <0. 1 333 0. 1
Upper Mississippi 524 1.9 1,070 3. 1 529 0.6 343 0.5 165 0.2 376 0.3 2,212 0. 7 1,780 0.4
Great Plains 546 1.9 823 2.4 736 0.8 603 0.8 208 0.2 295 0.3 1,019 0. 3 756 0. 2

PAD III -442 1.6 771 2.2 235 0.3 157 0.2 331 0.4 75 0. 1 2,738 0.9 5, 186 1.2

East Gulf 181 0.6 316 0.9 177 0.2 135 0. 2 208 0.2 45 < 0. 1 2,229 0.7 4, 284 1.0
West Gulf 261 0.9 455 1.3 58 0. 1 22 < 0. 1 123 0. 1 30 <0. 1 509 0.2 902 0.2

74 0.3 58 0.2 171 0.2 1,040 1.4 2,293 2.7 1,633 1.4 2,062 0.7 1,883 -0.4

Rocky Mountain 74 0.3 58 0. 2 171 0.2 1,040 1.4 2,293 2.7 1,633 1.4 2,062 0.7 1,883 0.4

PAD V 2,881 10.2 6,052 17.5 15,130 16.3 23,933 31.5 27,040 31.7 21,303 18.5 23,786 7.6 56,666 13.0

Pacific Northwest 1,830 6.5 2,981 8.6 4,151 4.5 4,370 5.8 101 0.1 46 < 0.1 109 <0.1 79 0.1
Pacific Southwest 1,051 3.7 3,071 8.9 10,979 11.8 19,563 25.8 26,939 31.5 21,257 18.5 23,677 7.6 56,587 13.0

Total United States 28,234 34,532 93,062 75,966 85,408 114,884 312,420 435,348
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to favor coal or natural gas over residual; however, natural gas had

been in short supply and coal was having difficulty meeting increas-

ingly strict air pollution regulations. This subregion also exemplified

the seaboard nature of residual consumption as West Virginia still

used 99 percent coal for its thermal generation.

Although New England consumed a lesser amount of residual

than the Middl,e Atlantic states, residual had become more important

to the region for electricity generation, accounting for 92, 5 percent

in 1972. In this subregion, the 1972 residual prices were in most

cases lower than coal, and almost equal to that of natural gas, as

can be seen in Table 52, The same general price relationships

existed in 1960.

The Southeast used principally coal for power generation with

the exception of Florida. In 1960 Florida was using 42 percent

residual and 44 percent natural gas, By 1972 the state had swung

more heavily to residual, In Florida, as in all of the Southeast

region, residual was more expensive than either coal or natural gas

(Table 52).

In PAD II residual was unimportant for power generation as

its price was not very competitive. Residual was even less important

for power generation in PAD III than in PAD IT. Most of PAD III relied

heavily on natural gas for electricity generation. The only exceptions

were Alabama and New Mexico which had local coal, Residual fuel



Area Total Btu

PADI 5,193,062.1 53

New England 560,445.7 6 93 1 58.0

Connecticut 169,792.4 1 99 0 60.3

Maine 33,853,2 0 100 0 -

Massachusetts 294, 957. 9 1 97 2 63. 1

New Hampshire 43, 748. 3 68 32 0 47. 9

Rhode Island 16,563.0 0 99 1 -

Vermont 1,530. 9 69 7 24 60.7 na

Mid-Atlantic 3, 101, 162.8 58 39 3 50. 8 64. 4 54.0

Delaware 50,328.5 45 51 4 53.3 66.6 55.0

District of Columbia 33,068.7 14 86 0 66.0 65.0

Maryland 240,253.2 46 54 0 53.5 56.4 -

New Jersey 280, 924. 3 10 83 7 64. 3 68. 2 48.0

NewYork 673,837.2 22 70 8 51.5 57.0 54.4

Pennsylvania 991,581.9 86 14 0 39.7 69.6 64.3

Virginia 275,029. 3 44 55 1 43. 4 43. 2 na

West Virginia 465,139.7 99 1 0 34.9 89.0 48.5

Southeast 1,622,453.6 59 28 13 44.5 52.2

Florida 674,885.7 18 58 24 42. 3 47.0

Georgia 312,246.1 80 8 12 45.6 47.5

North Carolina 473, 390. 3 95 4 1 44. 3 51.7

SouthCarolina 161,931.5 84 5 11 46.9 62.7

PADII 5,118,562.8 82 2 16 35.0 73.9 38.1

Great Lakes 2,760,562.8 92 4 4 38. 2 73. 2 52.7

Indiana 716,490.3 85 7 8 38.0 61.3 51.4

Illinois 543,829. 8 96 1 2 32. 4 80. 0 46. 3

Michigan 584, 206. 2 84 9 7 44. 7 71. 0 58.5

Ohio 915,501.0 98 1 1 37.8 80. 3 54.5

Bluegrass 832, 318. 9 96 0 4 30. 8 89.0 30. 0

Kentucky 484,981. 7 98 0 2 27.8 89. 0 32. 2

Tennessee 337,337.2 94 0 6 33.8 - 27.8

Upper Mississippi 940, 754. 9 80 1 19 40. 1 76. 4 35. 0

Iowa 164,036. 2 66 1 33 39. 4 85. 4 34. 6

Minnesota 173,190.9 69 3 28 41.8 78.8 31.9

Missouri 338,822.5 84 1 15 31. 7 62. 9 30.5

Wisconsin 264, 705. 3 90 2 8 47. 6 78. 4 42. 8

(Continued on next page)

Percent of total Btu
Coal Oil Gas

41 6

47.5
61. 1
31.9

7

32. 0
6
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Table 52, Steam-electric plant fuel consumption and unit costs, by PAD districts, subdistricts, and

states, 1972 (billions of Btu; percent; and cost per million Btu). a

42. 2
39. 1
38.0
45. 3

1

Cost (cents)
Coal Oil Gas

51.0 56.5 48.6

47. 7

2

53.6
43. 4



Table 52. (Continued)

C

a0
or - denotes either nil, or less than 50 fuel units or 0. 5 percent.

bldaho had no steam-electric plants.

Alaska and Hawaii excluded.

Source: Calculated from National Coal Association (1974).
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Area Total Btu
Percent of total Btu Cost (cents)

Coal Oil Gas Coal Oil Gas

II (continued)

Great Plains 595,461.7 18 1 81 30.0 69.5 30.8
Kansas 179,456.8 6 2 92 32.1 58.2 26.1
Nebraska 72, 399. 1 39 1 60 43.0 72.6 35.3
North Dakota 65,601.1 100 0 0 15.7 86.2 na
Oklahoma 268,406.2 0 0 100 19.5 57.1 24.5
South Dakota 9,598,5 51 17 32 39.5 73.6 37.2

PAD III 2,519,548.6 22 2 76 27.3 71.6 28.6

East Gulf 995, 779. 7 40 5 55 36. 6 73. 6 29. 9

Alabama 383, 440. 2 99 0 1 37.0 83. 7 34.0
Arkansas 101,863.3 0 28 72 - 65.9 30.7
Louisiana 386,507. 1 0 1 99 - 74. 2 25. 1

Mississippi 123, 969. 1 10 15 75 36. 2 70. 4 29. 9

West Gulf 1,523,768.9 10 1 89 18.0 67.8 26.0
New Mexico 189,575.8 66 1 33 15.0 67.4 28.5
Texas 1,334,193.1 2 1 97 21.0 68.1 23.4

PAD IV 249,642.3 69 5 26 25.2 52.0 33.1

Rocky Mountain 249, 642. 3 69 5 26 25. 2 52.0 33. 1

Colorado 133,265.5 55 2 43 27.6 53.6 28.3
Idahob

Montana 12,874.3 92 1 7 21.0 46.6 24.7
Utah 25,091.4 55 31 14 29.4 25.5 31.1
Wyoming 78,411.1 96 1 3 22.7 82.4 48.1

PADVC 1,098,638.0 7 25 68 30.8 77.7 41.5

Pacific Northwest 849. 0 0 48 52 - - 43. 7
Oregon 437.0 0 0 100 - 43.7
Washington 411.2 0 100 0 na -

Pacific Southwest 1,097.789.0 7 25 68 30.8 77. 7 40. 7
Arizona 95,217.0 8 9 83 31.6 85.7 38.9
California 894, 249. 3 0 30 70 - 73. 9 37. 5
Nevada 108,322.7 62 1 37 29.9 58.8 30.3
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was not competitive in this area. In PAD IV residual fuel was quite

unimportant for power generation. The only state that used any

appreciable part of the total was Utah.

Residual fuel was moderately important or power generation in

PAD V, principally in the Pacific Southwest region (California). It

typically supplied about one-third of the steam-electric fuel in

California, This occurred even though residual in 1972 was priced

considerably higher than natural gas (73,9 cents versus 37.5 cents

per million Btu). In 1960 residual had been about one cent per

million Btu cheaper than gas in California. In the Pacific Northwest,

residual supplied about half of the subregion's thermal-electric

energy, but this amount was extremely small, with most of the power

being produced by hydro.-gene ration. Regional variation in utility

fuel consumption is shown in Figure 46, This illustrates that residual

fuel consumption has been increasing in several districts and that the

overwhelming part of the utility residual is consumed in PAD I.

Location Quotient, Location quotients were calculated to

compare district shares of residual fuel going to utilities with the

national average going to this end use, PAD I was the only district

that was consistently higher. It had relatively a higher portion going

to utilities in 1940 than in more recent years.

PAD II and III had consistently low quotients, indicating that

compared to the national utility market for residual fuel, a very small
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part of the sales in these districts went to this market. PAD IV was

similarly low for most years except 1960 when it exceeded the

national but it should be noted that total residual sales of this district

were so small that minimal absolute changes could result in large

fluctuations in the quotients. PAD V in 1940 was considerably below

the national and in 1960 considerably above, and for other years the

district sales to utilities approximated the national, The location

quotients are shown in Table 53.

Table 53, Location quotients for utility uses of residual
fuel.

PAD 1940 1950 1960 1970 1972

I 2.00 1.62 1.10 1.17 1.10

II 0.33 0.17 0.06 0.48 0.45

III 0,10 0.02 0.06 0.22 0.35

IV 0.18 0.07 1.31 0.58 0.42

V 0.42 0.83 1.74 0.65 1.03

Source: Calculated from U, S. Bureau of Mines, 1940-
l972c.

Miscellaneous Uses of Residual Fuel Oil

Miscellaneous uses of residual fuel are included to make

consumption data complete. In this category are included agricul-

tural and other unspecified uses not reported elsewhere in data.
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Typically, between 1 and 2 percent of the residual fuel sales fall

in this category as can be seen in Figure 21.

Regionally the consumption for miscellaneous uses was

evenly distributed among PAD I, II, III, and V in 1940. It tended to

concentrate a little in PAD V in 1945 and 1950 and after that PAD I

had the largest part (Table 54). Generally, the larger amount of

residual a PAD district consumed, the greater the amount it also

had in the miscellaneous use category.

Regional Shares of Residual
Fuel Consumption

There are striking contrasts between energy consumption

patterns for different regions of the United States and even in the

same region through time. Clearly these patterns develop because

of differing and changing relationships among competing fuels as well

as differences and changes in the size and nature of the energy

markets.

Consumption patterns for residual fuel show considerable

geographic variation. PAD I consistently had the greatest demand.

In 1940 this region consumed about 41 percent of the total and in 1945

the relative share had declined to 33 percent but the total amount of

residual consumed had increased by 60 percent. Total domestic

residual consumption amounted to 542, 265, 000 barrels in 1945 and



Table 54. Sales of residual fuel for miscellaneous uses, by PAD districts, 1940-1972 (thousands of barrels and percent).

Source: Calculated from U.S. Bureau of Mines (l940-1972c).

1940 1945 1950 1955 1960 1965 1970 1972

PAD I 1,116 21.0 1,195 23.0 1,156 23.6 3,919 40.0 3,090 49.1 5,695 56.9 3,637 49.9 4,615 51.9

NewEngland 231 4.3 64 1.2 100 2.0 449 4.6 145 23 211 2.1 215 2.9 716 8.1
Middle Atlantic 614 11.6 748 14.4 315 6.4 604 6.2 1,270 20.2 2,170 21.7 1,834 25.1 3,119 35.1

Southeast 271 5. 1 383 7.4 741 15. 1 2,866 29. 2 1,675 26.6 3,314 33. 1 1,588 21.8 780 8.8

PAD II 1,002 18.9 649 12.5 523 10.7 2,063 21.0 412 6.5 1,162 11.6 1,372 18.8 1,226 13.8

GreatLakes 456 8.6 350 6.7 345 7.0 1,830 18.7 213 3.4 877 8.8 911 12.5 974 11.0
Bluegrass 67 1.3 47 0.9 27 0.6 30 0.3 13 0.2 79 0.8 40 0.5 4 ( 0. 1
Upper MissIssippi 261 4.9 161 3. 1 87 1.8 121 1.2 180 2. 9 109 1. 1 254 3.5 120 1. 4

GreatPlains 218 4.1 91 1.8 64 1.3 82 0.8 6 0.1 97 1.0 167 2.3 128 1.4

PAD II 1, 183 22.3 1,015 19.5 417 8.5 826 8.4 708 11.3 1,252 12.5 637 8.7 940 10.6

East Gulf 942 17.7 720 13.8 222 4.5 156 1.6 210 3.3 289 2.9 404 5.5 471 5. 3

West Gulf 241 4.5 29S 5.7 195 4.0 670 6.8 498 7. 9 963 9.6 233 3. 2 469 5.3

PAD IV 109 2.1 20 0.4 93 1.9 603 6.2 119 1.9 119 1.2 285 3.9 126 1.4

Rocky Mountain 109 2.1 20 0.4 93 1.9 603 6.2 119 1.9 119 1.2 28S 3.9 126 1.4

PAD V 1, 903 35.8 2,321 44.6 2,709 55.3 2,393 24.4 1,962 31.2 1,776 17.8 1,364 18.7 1,979 22.3

Pacific Northwest 504 9.5 532 10.2 394 8.0 834 8.5 1,004 16.0 1,027 10.3 391 5.4 797 9.0
Pacific Southwest 1,399 26.3 1,789 34.4 2,315 47.3 1,559 15.9 958 15.2 749 7._s 973 13.3 1, 182 13.3

Total United States 5,313 5,200 4,898 9,804 6,291 10,004 7,295 8,886
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this total remained virtually unchanged through 1965. Diiring that

time, however, the share going to PAD I steadily increased reaching

66 percent in 1965. From 1965 to 1970 residual demand grew by

40 percent and at the same time the share used in PAD I increased to

74 percent. The proportionate share of each district remained

rather constant from 1970 to 1972, during which time total demand

increased about 15 percent. Figure 47 pictures the total United

States residual consumption and the share consumed in each district.

To further show what changes have taken place in the consump-

tion of residual fuel on a regional basis, the percentage of change

between 1940 and 1972 was calculated. The calculations were made

for subregions of the PAD's rather than for the district as a whale

because it was anticipated that some subregions within a PAD might

have experienced growth and others declined. This was found to be

the case in PAD 11 where all subregions had positive growth except

the Great Plains. In PAD III also, the East Gulf demand increased

and the West Gulf declined. Even in districts such as PAD I where

all subregions experienced growth, the percentage of change was

quite different. Figure 48 clearly shows that all the subregions of

PAD I have had spectacular growth in residual fuel demand since 1940

and that the Great Plains and West Gulf have had decline in demand.

The demand for residual fuel oil and the supply source are

presented in Table 55. In this case PAD I is shown alone and the



Figure 47. Percentage Shares of Residual Fuel Consumption, by PAD
Districts, 1940-197Z.

Source: Based on data in U.S. Bureau of Mines (1940-1972c).
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Table 55. United States residual fuel oil demand and supply,
1940-1972 (thousands of barrels daily).

alld net transfers from crude oil.

Source: Based on data from U.S. Bureau of Mines (1940-1972b).
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1940 1960 1970 1972

PAD I

Dome stic Demand

1,638.6 1,885.9419.8 912.7

PADII-V 509.7 622.4 565.0 650.1

Total United States 929.5 1, 535. 1 2, 203.6 2, 536.0

Supply Sources

PADI
District Productiona 163.3 163.7 96. 1 103.0
Interdistrict Prod. 186.3 164.0 82.0 88.6
Shipments
Net imports 76.6 582.4 1, 468.8 1, 686.3

Stock change 6.4 -2.6 8.3 -8.0
Total PAD I 419.8 912.7 1,638.6 1,885.9

PAD 11-V
District Productiona 724.2 757.1 621.3 707.5
Interdistrict Prod. -186.3 -164.0 -82.0 -88,6
Shipments
Net imports - 42.8 8.3 5.4 27.0

Stock change - 14.6 -21.0 -20.3 - 4.2
Total PAD 11-V 509.7 622.4 565.0 650.1

Total United States 929.5 1, 535. 1 2, 203.6 2, 536.0



+ 100 Figure 48. Changes in the Consumption of Residual Fuel Oil by Subregions
of PAD Districts, 1940- 1972 (percent).

Source: Calculated from U.S. Bureau of Mines (1940c, 1972c).
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other districts are grouped. The table details the amount of residual

produced domestically, the net imports, and the stock changes. PAD

I had become heavily dependent upon foreign supplies. In 1940,

18.3 percent of its residual demands were met by imports, but by

1972, this had increased to 78. 0 percent. The growth of these

imports is a result of favorable import and pricing policies as well as

economical water transport.

The remainder of the United States was approximately in

balance, with domestic supplies meeting local demands. For the

nation as a whole in 1970, domestic supply accounted for 729, 400

barrels per day or 33. 1 percent of the total residual requirement,

due principally to the heavy demand in PAD I.

Variations in Residual Fuel End
Uses by PAD Districts

In addition to variations in the amount of residual fuel used and

its source of supply, different regions of the United States also had

variations in what residual fuel was used for and this a)so changes

through time. Such changes tend to be closely tied to available

technology, whereas regional variations tend to reflect mainly

economic considerations. The market pattern in each district is

discussed in the following sections.
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PAD District I. Residual fuel oil played a more important role

on the East Coast than it did in the nation as a whole. In this district

the major uses of residual had been heating, industry, vessels, and

utilities. Through time the relative importance of heating and

industry had fluctuated but had not changed greatly. The amount used

by vessels had declined since the Second World Ware The most

spectacular change was in the amount going to utilities for electric

power generation, which by 1972 accounted for half of the demand in

this district (Figure 49).

Due to the physical properties of residual fuel oil, the part of the

district's supply that was imported could not be economically shipped

to inland areas. 141 As a result, virtually all imported residual was

consumed in the seaboard areas of the 17 East Coast states. In the

coastal section between Philadelphia and Boston, residual competed

with coal, especially for the utility market. A significaiit part of

residual growth in the past few years had been the result of a

sizeable replacement of coal by low-sulfur residual fuel to conform

to regulations limiting the emissions of sulfur oxides and particu-

lates from power plants.

'41According to the Petroleum Industry Research Foundation (1965),
competition between residual fuel oil and bituminous coal.
extended only 100 miles inland.
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In New England, imported residual constituted the major boiler

fuel, This region is farther from coalfields so residual encounters

less competition from coal than it does in the Middle Atlant.c section.

Natural gas has made some inroads into New England, but in 1968

this region was still by far the smallest consumer (U. S. Cabinet

Task Force on Oil Import Control, l97O) In the Southeast section

residual fuel has been a strong contender for the power generation

market in Florida.

PAD District II, Throughout the United States a strong correla-

tion existed between the price of fuel and its utilization. As trans-

portation costs made up a major part of total costs, the energy

resources that were nearest the market most often were utilized to

satisfy demand, In PAD II coal was mined locally and was most

competitive. Imported residual fuel was more expensive except

where favored by cheap water transport and in PAD II most residual

came from local refining.

The residual used in PAD II went principally for industry,

heating, and oil company use. In 1940 and 1945 a sizeable amount

also went for railroad use but after 1950 this declined markedly.

Until 1970 residual was virtually unused by utilities; subsequently,

new sulfur emission standards have forced more utilities away from

the traditional power source, coal, and with natural gas in short



supply, utilities were using increasing amounts of low-sulfur

142resLdual (Figure 50)

PAD District III. The choice of fuel is often linked to geo..

graphic circumstance and in PAD III residual fuel faced strong

competition from locally available natural gas. As a consequence,

most of the residual fuel consumed in this district went to market

sectors in which natural gas could not compete, From 1940 to 1950

railroads and vessels were both major consumers with the military

coming in for a significant share during World War II. After the

early 1950's, railroad use declined and vessels became the major

consumer. Oil company use of residual accounted for a small but

reasonably ste3dy share and industry use of residual has grown

since 1950, though not in proportion to the industrial growth of the

Gulf Coast (Figure 51).

As in PAD II, utilities in PAD III accounted for an increasing

share in 1970 and 1972, The situation, though, is somewhat different

142

263

The Oil Import Appeals Board in 1970 approved the application of
Commonwealth Edison Company of Chicago for permission to
import 4, 5 million barrels a year of low-sulfur residual fuel to be
burned instead of coal to help comply with clean-air regulations.
At that time 12 applications were on file with OIAB seeking
licenses to import 38 million barrels a year ("Resid Imports. . .

1970). The Secretary of the Interior lifted the District II quota
to allow the 4,5 million barrels to come into the Chicago area for
Commonwealth Edison and specified that the residual must not
exceed 1 percent sulfur and must be used as fuel ("Hickel Lifts. .
1970).
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in that the switch to residual fuel had been from natural gas, rather

than coal, and the reason had been the lack of sufficient natural gas

supplies, rather than pollution problems. The switches occurred

principally in Arkansas and Mississippi (National Coal Association,

1974). Natural gas was the principal competitive fuel that residual

faced in most of PAD III, but coal was quite significant in Alabama

and New Mexico.

PAD District IV, In PAD IV residual fuel oil was too expensive

to compete for most end uses, and the residual that was consumed

was mostly a product of local refineries. Of this limited amount

(4, 922, 000 barrels in 1940 and 9, 622, 000 barrels in 1972), the

majority went for railroad use until 1950, Afterwards it was fairly

evenly distributed among the market sectors; however, this inland

district had no vessel market and only limited military markets.

The utility market had been increasing, but unlike PAD II and III, this

appeared to be the result of increased demand for electricity rather

than a gain over a competing fuel. Most of the power generation in

the district was accomplished with locally available coal. Natural

gas was second in importance and residual fuel was a distant third.

Figure 52 shows the percentage of residual fuel consumed in PAD IV

by end uses,

PAD District V. Residual fuel consumption in PAD V displayed

no dominant end use in 1940. The greatest single market was railroads
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followed by vessels, During World War II the military demand

increased substantially only to decline again after the war. As was

true in other regions, railroad use declined rapidly after about 1950,

but the pattern of no dominant end use continued until the early

19701s when utility use of residual increased sharply. By 1972 power

generation accounted for almost 50 percent of the residual fuel

consumed in PAD V (Figure 53),

Competition for residual fuel in the Pacific Southwest came

principally from natural gas and distillate fuel. Both of these, as

well as residual ftel, were produced locally. Little coal was

available in California but some interdistrict shipments were received

from PAD IV, Both Nevada and Arizona utilized local coal.

In the Pacific Northwest subregion there had been a strong

orientation to hydroelectricity especially since the late 1930's and

early 1940's when the Columbia River Power System was begun by

the Federal Government, In this subregion no fuel could compete as

long as hydropower generation was sufficient to meet demand. More-

over, only low-grade coals were locally available and the area had no

production of oil or natural gas except in Alaska.

Summary of Residual Fuel Consumption

Demand for residual fuel oil in the United States increased

from 338, 106, 000 barrels in 1940 to 925, 647,000 barrels in 1972.
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Figure 53. Percentage of Residual Fuel Consumption
by End Use in PAD V, 1940-197Z.
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During this period its growth was less than that of most other energy

sources, Residual fuel in most of its applications was burned to

produce heat to operate either mobile or stationary steam boilers.

In this capacity it competed principally with coal, distillate fuel, and

natural gas.

During most of the period under consideration, residual fuel

did not serve a dominant end market, but rather a number of them to

a greater or lesser degree:

Heating - Residual fuel was used for space heating in large

buildings, such as industrial plants and commercial establishments.

The share of this market going to residual has been small but rather

consistent. Thus, as there has been growth in space-heating demand,

residual has shown some absolute growth principally in PAD I.

Industry - The amount of residual contributed as an industrial

fuel has remained rather steady despite industrial growth. Again,

this was principally consumed in PAD I.

Oil Company - The amount of residual fuel used by oil companies

has remained at a nearly constant amount, while both the relative

share of residual going to this market and the importance of residual

to this market have declined.

Railroads - A considerable part of total residual fuel sales in

1940 went to railroad use but the switch to diesel engines practically

eliminated residual from the market,
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Vessels - The only market for which residual was the principal

fuel was vessels, However, the absolute amount going to this end

use has not changed markedly through time.

Military Demand for residual fuel by the military peaked

during World War II and since then has been a small but reasonably

consistent market.

Utilities - The most spectacular growth in residual demand has

occurred in the utility sector near the end of the period (1970-1972).

This growth has occurred principally in PAD I and has been based on

imported residual fuel.

Figure 54 shows the changes that have occurred in residual fuel

and its major competitors by five-year periods from 1940 to 1970.

As can be seen the only residual growth occurred in the first five

years (1940-1945) and the last five years (1965-1970).

Regionally, the overwhelming part of the residual fuel was

consumed in PAD I and this was the only district displaying any

substantial growth in the period from 1940 to 1972 (Figure 55).
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VI. CONCLUSIONS

The production and consumption of residual fuel oil in the

United States has shown regional variation through time. The spatial

and temporal patterns that have developed are the result of many

independent and inte rdependent forces - e conomic, political, his tori-

cal, and technological. Analysis of these changing patterns has led

to the following conclusions.

1) The United States production of residual fuel has declined both

absolutely and relatively at the same time that total petroleum

refining has been increasing. In 1940 total domestic residual

production was 316, 221, 000 barrels, and by 1972 it had declined

to 292, 519, 000 barrels. This represented a change frori an

average yield of 24. 4 percent per barrel processed to 6.8 per-

cent. Technological developments in the refining industry

allowed this to occur and profit was its principal motivation.

Regional variations that have occurred in the production of

residual fuel reflect in large measure not only the type of crude

processed, but also show some positive relationship to the

number of very small refineries in the district. The trend

toward larger refineries may continue to reduce the output in

some districts. Nationally, however, there has been a slight

274
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reversal of the downward trend in response to a more advan-

tageous price situation since l970

2) The residual fuel imports into the United States have increased

markedly since 1940. At that time, total net imports amounted

to 12, 381, 000 barrels or 3.7 percent of domestic demand; by

1972 the figure had increased to 625, 341, 000 barrels or 67.6

percent of total demand. Use of imported residual was concen-

trated in PAD I (East Coast) and in this region imports supplied

about 90 percent of demand. In addition, most of the domes-

tically produced residual of the district was refined from

imported crude oil. United States import restrictions have had

little effect on residual fuel imports. The current level of

residual impor.ts places the United States in a highly dependent

and increasingly vulnerable position. Residual imports have

historical],y come from Western Hemisphere countries, prin-

cipally Venezuela and The Netherlands Antilles. This is still

true but an increasing portion of the refining capacity of the

Caribbean, which supplies much of the residual to the United

States, is now processing Middle East crude.

3) Residual fuel is consumed for space heating, industrial and oil

company use, railroad and vessel power, electrical power

generation, and by the military. No single market sector

dominated the consumption of residual until recently when power
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generation emerged as the major consumer. The increasing

share going to power generation is the result of not only

increasing demand for electricity, but also shortages of natural

gas, the effects of environmental pollution regulations (espe-

cially sulfur emissions), and delays in nuclear power generation.

All of these 1ave worked to strengthen the share of the market

going to residual fuel.

The most spectacular change that has occurred in the

consumption of residual fuel has been the decline in the rail-

road market and the rapidity with which it occurred. In 1945

over 20 percent of residual fuel was used by railroads; in 1955

it was less than 3 percent. The railroad situation illustrates

the type of fuel dislocation that can accompany technological

change (in this case dieselization of locomotives and the sub-

sequent burning of distillates).

4) There are striking contrasts in the regional patterns of residual

fuel consumption. PAD I had consistently been the largest

consumer of residual fuel and the one where consmptiofl was

increasing at the fastest rate. Within this district, the Middle

Atlantic subregion had the largest absolute consumption but the

Southeast subregion had increased the greatest amount (837

percent) since 1940. Two subregions, the Great Plains of PAD
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II and the West Gulf of PAD III, have decreased their use of

residual fuel since 1940.

Table 56 summarizes the production, net imports, and

consumption of residual fuel by PAD districts in 1940, 1960, and

1972. It shows that the percentage of demand that is supplied by

domestic refining has declined from 93 percent in 1940 to 32 percent

in 1972, and that the absolute output of residual has dropped

23, 603, 000 barrels. Imports are used to make up the difference

between domestic supply and demand, and increased imports of

residual are a result and not the cause of declining domestic produc-

t ion.



278

1972c).

Table 56. Summary of production, imports, and consumption of
residual fuel oil by PAD districts: 1940, 1960 and 1972
(thousands of barrels).

PAD
district Production Net C on sum pt ionimports

Percent of
consumption
provided by

Production Im.orts

1940

I 59, 602 27, 961 138,421 43, 1 20.2
II 57,604 - 981 58,484 98.5 - 1.7
III 108,719 3,223 54,834 198.3 - 5.9
IV 6, 603 0 4, 922 134,2 0

V 83,693 -11,376 81,445 102.8 -14,0

Total 316, 221 12, 381 338, 106 93.5 3.7

1960

I 59,530 211,666 321,985 18.5 65.7
II 79,872 - 819 81,338 98.2 - 1.0
III 78, 697 10, 787 35, 889 219.3 30. 1

IV 11,505 - 2 11,313 101.7 0. 1

V 102, 543 - 6, 919 100, 011 102.5 - 6. 9

Total 332, 147 214, 713 550, 536 60.3 39.0

1972

I 37,582 615,488 686, 554 5.5 89.6
II 65, 848 4, 947 80, 084 82.2 6. 2

III 65, 047 1, 545 31, 757 204. 8 4. 9
IV 9,152 0 9, 622 95. 1 0

V 114, 890 3,361 117, 630 97,7 2, 9

Total 292,519 625,341 925, 647 31.6 67. 6

Source: Calculated from U.S. Bureau of Mines (1940b 1960b, l972e,
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