
A number of aftcrnatkes are open to the g$$ ts’ “8 
to Cope with the growing rz&ural gas shor&&’ ’ ” 
but each is limited. 

Importing liquefied natural gas cocr!d involve 
investing billions of Gottars for constructing 
specialized tankers and receivltlg termin&. 
Large-scale liquefied natural qas impotT will 
also prwnt political, econc&ic, and national 
security problwx similar to those created by 
large oil imports. 

I 



B-178205 

To the President of the Senate and the 
s Speaker of the iiocse of Representatives 

This is one of a series of reports on energy resources 
available or necessary to meet U.S. demands. It discusses 
the role of liquefied natural gas imports in alleviating the 
growing natural gas shortage and the considerations involved 
in increased dependence on such imports. . 

We made our review pursuant to the Budget and Accounting 
Act, 1921 (31 U.S.C. 531, and the Accounting and Auditing Act 
of 1950 (31 U.S.C. 671. 

Copies of this report are being sent to the Director, 
Office of Management and Budget: Secretaries of State, the 
Interior, Commerce, and Transportation; Administrators of 
the Federal Energy and the En.?rgy Research and Development 
Administrations: and Chairman of the Federal Power Commission. 

-Comptroller General 
of the United States 
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COPWTROLLER GENERAL'S NATURAL -GAS SE?&TACE : 
REPOT ‘IQ THE CC'WGRESS THE ROLE OF IK?ORTZD 

LIQUEFIED NATUPAL GAS 

DIGEST ------ 

Data and observations in this report will 
help the Congress and the executive branch 
evaluate the U.S. need for natural gas im- 
ports; the economic, political, and national 
security risks of relying 0~ those imports: 
and possible alternatives. 

GAS SUPPLY DWINDLIHG 

Natural gas provides about 30 percent of 
total U.S. energy requirements and is vital 
to the Nation’s economy. 

Worldwide, natural gas reserves are plenti- 
ful--they reprerant a reserves-to-production 
ratio of 54.C’, based on the 1374 production 
rate. Large consumers, ‘like the U.S. and 
Japan, will deplete their own reserves more 
rapidly. U.S. natural gas reserves reflect 
a reserves-to-prcduction ratio of only 10.8. 
(See p. 7.) 

In general* ccuntries having excess natural 
gas cannot use it effectively. However, 
this situation is changing as these couw 
tries develop export markets and gas- 
consuming industries. (See app. III.) 

U.S. natural gas reserves have generally 
been declining since 1967 because new dis- 
coveries have not kept pace with domestic 
production. (See p. 12.) 

The N; tion is experienci.lg a gas shortage, 
which has forced pipeline companies and 
distributors to curtail deliveries and con- 
sumers to conserve.! (See pp. 15 to 17.) 

This shortegg is expected to increase con- 
siderably. ,(See p1 22.) 

! 1 
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Before alternative sources of energy can be 
developed fully in the U.S., problems asso- 
ciated with prGdUCtiGn,, availability of 
water, impact on the environment, and siz- 
able capital investment uust be overcome. 
(See app. I.1 

Increasing oil imports raises colitical, 
economlcp and national security quest ions 
and may not be permitted by the Federal 
Government. (See p. 3.) 

Deregulation of natural gas prices will have 
an uncertain effect on domestic gas produc- 
tion. Some studies essentially rule out the 
possibility of a large production increase 
in the near future. (See pp. 3 and 23.) 

Consumers’ conservation measures have re- 
duced overall gas use by about 5 percent, 
but conservation a-lone cannot eliminate the 
gas shortfall. (See p. 17.) 

Liquefied natural gas impor.ts 

Importing liquefied natural gas will like- 
wise have limitations. Such imported gas is 
expected to contribute only minimally to the 
domestic supply until at least 1980 and will 
not be significant in meeting the short-term 
shortage. (See p. 4.) 

/ 

To handle the possible level of liquefied 
natural gas imports in 1985, a capital in- 
vestment of about $11 billion may be required 
to construct the necessary tankers and re- 
ceiving terminals. (See pp. 26 to 31.) 

The same political, economic, and national 
security risks created by large oil imports 
will probably exist if liquefied natural gas 
is imported on a large scale. (See pp. 29 
to 31.) 

The cost of liquefied natural gas imports 
could, by 1985, add about $4 billion an- 
nually to the U.S. balance-of-payments 
outflow. (See pp. 32 and 33.) 

ii I 
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CHAPTER 1 

EACKGROUWD 

In the winter 0: 1973, the American people faced an 
energy crisis caused prinarily by a shortage of crude oil 
used for heating oil and gasoline. Thermostats were turned 
down, highway speed limits were reduced, and other actions 
were taken to cut energy consumption and conserve energy 
resources. These conservaticn measures, coupled with rels- 
tively mild weather, reduced the severity of the shortage. 

During the crisis zhe public’s z;‘,?ntion was directed 
toward gasoline and heating oil; 1 -ttle was said about 
another energy problem-- the shortage of natural gas. Bow- 
ever, shortages of natural gas in certain sections of the 
country will influence the +conomic growth of the United 
States and the lifestyle of its citizens. 

Natural gas provides 30.4 percent of U.S. energy rc- 
quirements, ranking second to petroleum. Its use has risen 
about fivefold in the last quarter century. This increased 
consumption can be largely attrisuto3 to natural gas’ lower 
cost, cleanliness, and ease of handling compared with other 
primary energy sources., such as oil and coal. _ 

About 44.7 million Americans depend upon natural gas to 
heat homes and apartments and to satisfy commercial and in- 
dustrial requirements. In addition, aboct one-fourth of the 
electricity generated in the United States is fueled by na- 
tural gas; expressed in terms of population, this means that 
about 50 million Americans depend on natural gas to generate 
their electricity. 

Presently, domestic natural gas production provides 
over 95 percent of the available supply in the United States. 
The remainder is imported, mainly vi& pipeline from Canada. 

The Nation is experiencing a growing gas shortage-- 
the quantity demanded exceeds the quantity supplied. The 
increasing difference between demand and supply (shortfall) 
has somewhat limited expansion of consumption in both the 
household-commercial and industrial =ectors. 

The natural gas shortage, however, has not been as 
evident to the American public as was the crude oil short- 
age, for two principal reasons: 
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--The shortage has been alleviated by curtailing the 
present gas supply to industrial vand utility users, 
which are generally capable of using other energy 
sourcesI such as coal and oil. 

--Residential builders have turned to other forms of 
heating, such as electricity, in new housing con- 
structi.on. Thus far* household users of natural 
gas have not been subjected to rationing. 

The growing natural gas shortfa?.l could be eliminated 
by reducing the demand for gas, increasing the available 
supply I or combining these two measures. Reducing demand 
would involve switching to alternative domestic sources 
cf energy, including both conventional and nonconventional 
forms; increasing oil imports, which could be substituted 
for domestic gas use; or undertaking a gas conseryation 
program. (See cf;. 3.1 Increasing the 3vaiiable supply 
would involve el'ther increasi-ig domestic gas production 
or importing gas via pipeline or in the form of liquefied 
natural gas (I.&G) from foreign sources. 

Various limitations asscciated with each of the above 
alternatives are discussed in the following paragraphs. 

Alternative domestic source-s of energ; could affect 
future demand for or consumption of natural gas. These 
alternatives include the basic fossil fueisr oil and coal, 
and such nonconventional energy sources as oil from shale 
and tar sands and synthetic gas from coai. tz.ore distant 
alternatives include geothermal, nuclear r and solar energy. 

There are problems, hotiever, associated with develop- 
ing each of these energy sources. For example, increased 
use of oil would more quickly deplete the Sation's already- 
dwindling crude oil reserves or create pressure to imF>rt 
additional foreign oil. Using ccal as a natural gas sub- 
stitute would necessitate increased coal production, with 
accompanying manpower, environmental, and health and safety 
problems. Greater use of oil and coal would also require a 
major caoital investment for expanding facilities as well as 
for machinery and equipment to comply with U.S. environmental 
standards. 

! 
The development of alternative energy sources such 

as coal gasification, tar sands, and oil shale will be 
limited by such problems as tne availability of water and 
large quantities of coal need d, 

7 
environmental effects, 

and the sizable capital investment required. These and 
other problems have led most energy experts to agree that 
the Unit-d States cannoti realiktical!y expe?t increased 

/ 



supplies from nonconventional er,ergy soxcesc except in the 
long teFm. L/ 

Appendix I discusses in mere detail some of the prob- 
lems and iimitatlons associated with khe more common sub- 
stitute and alternative energy sources that could alleviate 
the natural gas shortage. 

To the extent that it is permitted by Federal Government 
policy, imported oil could be used to offset the growing na- 
tural gas shortfall. This alternative, however I brings to 
mind the 1973 Arab oil embargo and the political, economic, 
and national security consequences associated with increased 
dependency on foreign oil. Also, addition&l domestic pipe- 
line distribution, refineries, and storage capacity would be 
required. 

Finally, the natural gas shortfall could be offset by 
increasing domestic gas prodaction or by importing gas to 
supplement domstic supplies. The pFaspects for a large 
increase in domestic gas production are remote, at least in 
the short tern, according to the Project Independence report 
published in November 1974. This massive multiagency proj- - i 
ect, coordinated by the Federal Energy Administration (PEAlI 
was initiated to evaluate the Nation*s energy problems and 
provide a framework for developins a national energy poliq’. 

In summary, PEA’s study o f the natural gas problem shows 
that, even if substantial incrrhses in the wellhead price of 
natural gas are permitted, production will not increase 
greatly before 1980. A major constraint on increasing qas 
production in the immediate future is the lack of drillrng 
rigs, piping, and skilled drilling crews. In addition, the 
leadtime to develop a new gas field--4 to 7 years--wotld 
essentially eliminate the possibility of increased production 
before 1980 even if exploration of new gas fields started 
immediately. 

Importing gas to increase the supply will also pose 
problems. U.S. suppliers of pipeline gas are experiencing 
energy problems of their own. Therefore, the present level 
of pipeline gas imports could probably not be increased. 

Plans are underway in the United States to import LNG 
by tanker. According to the Federal Power Commission. EFPC), 
long-term L.NG import projects filed with it and otheF projects 
under consideration envision the import of 3.3 trillion cubic 

I/ We have de fined’ long term as the period beyond 1385; mediu I 
term, 1980-35; and short term, the present td 1980. 
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feet of LNG annually by 1985, assuming that all such projects 
are completed within a reasonable time frame, 

Importing LNG will have a number of drawbacks. IRd ict- 
tions are tllat only rePati.vely small quantities will be 
available until the early 1980s. Consequently, LNG imports 
cannot be regarded as very significant in meeting the short- 
term gas shortfall. In addition, since many oil-rich 
countries are also rich in natural gas reserves, the same 
political, economic, and Rational security risks created by 
large oil imports will probably exist if LNG is imported on 
a large scale. Also, capital will be required for corlstruct- 
ing specialized LYG tankers and additional facilities, such 
as LNG regasification and storage facilities (receiving 
terminals). 

SCOPE -- 

This report discusses the role of LNG imports as one 
means of alleviating tne growing gas shortage and the con- 
siderations and issues involved in increased U.S. depzndenie 
on such imports. In preparing it, we conferred with Soverr,- 
ment and industry officials and consulted published r :ports 
from the Department of the Interior, FPC, FEA, the Pla :itime 
Administration, the American Gas AssociatioR, the Na”.ional 
lietroleum Council, the Cil and Gas ‘Journal, and congressional 
hPariRgS and reports dealing with energy. Throughout this 
report, we used the latest published statistics available. 

ROLE OF TIiE U.S. GOVFRNMENT -- 

Various U.S. Government agencies have different types 
of responsibility for insuring that the United States has 
enough natural gas to meet its energy needs. 

I FPC, under authority of the Natural Gas Act of June 21, ’ ,- 
1438, as amended i15 U.S.C. 737-717~ (1970)), regulates in- 
terstate gas sales and construction and operation of inter- 
state pipelines and oversees the export and import of natural 
gas. 

The Department of the Interior is responsible for for- I-f r 
molating and administering programs for the management* 1 
conservation, and development of the Nation’s natural re- i 
sources. Within the Department, the Bureau of Land Manage- t 
ment and the Geological Survey are closelv involved in the ; 

natural gas problem. i 1 
The Bureau of Land Management has broad managerial au- 

thority over about 475 miilion acres of public land. The 
F%cretary of the Interior, through the Bureau, may authorize 
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+_he leasing of specified public lands; including Gster 
Continental Shelf landsI known zr believed to contain energy 
development materials. If. carrying out its leasing respon- 
sibilities, the Bureatl attempts to achieve orderly a~16 timely 
resource 5evelopment , protect the environment, and ,eceive 
fair market value. 

As of December 31, 1974, the Geological Survey super- 
vised more than 125,OOB oil and g+ip leases covering about 
97 million acres of Federal lands, including Indian lands and 
the Outer Continental shelf. 

PEA was created under the 7ederal Energy Administration -, 
Act of 1974 [Public La*% 93-2751. A major FEA objective is to 
formulate the strategy necessary to increase energy suppiies 
in the long and short term. 

I 
The Ertergy liesearch and Development Administration was 

created lrnder the Energy Reorganization Act of 1974 !Public 
Law 93-435) to bring together and direct Federal activities 
relating to research on and development of the variom energy 
sources. Previously, major energy research and development 
programs had been administered by the Atomic Energy Comis- 
sion, the Interior Department, the Naticnal Science Founda- 
tion, aild the Environmental Protection Agency. 

, The Energy Resources Council, also created under the 
Energy Reorganization Act of 1974, is responsible for insur- 
ing communication and coordination among those Federal agen- 
cies responsible for developing, implementing, and managing 
energy p91iCya The Council is also an energy policy advisory 
board to the President and the Congress. The President re- 
cently named the Secretary of Commerce as Council Chairman: 
other Council members are tieads of various Federal depart- 
ments ant qencies, certain members.of the White House staff, 
and other members designated by the President. 

Other Government agencies also play a role in the import 
of natural gas. I , 

: n 
--The Dep’rtment of State is responsible for (1) advis- 

ing the President in the formulation and execution of 
r‘oreign policy,‘ (2) maintaining appropriate relations 
with foreigc qovernmehts, and (3) promot’ing and pro- 
tecting U.S. interests. U.S. relations with foreign 
countries having large natural gas deposits will be 
critically important ‘if large natural gas imports 
become necessary- \ 



7 --The Department of Commerce, through its Maritime __ 
Administration, administers programs to aid in ” ’ 
the development, promotion, and oper.ation of the 
U.S. Merchant Warine, including ship construc- 
tion subsidy and ship operating subsidy programs. 
Specially constructed ships would be needed to 
transport LNG. 

--The Department of Transportation, through the !- .1 
..- Ccast Guard, helps to establish and enforce 

safety regulations pertaining to the shipment 
of LNG in ocean carriers and the general safety 
of operations 2-t t-he marine terminals. 
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CHAPI’ER 2 

XFtTrJRAL GAS IN THE HORLD - 

Natural gas is frequently associated geologically with 
oil deposits; therefore, oil-rich countries are usually 
rich in natural gas reserves as well. 

The chart on'the following page shows tile distribution 
of world natural gas reserves and production in 1974 by major 
geographical areas. The “Jnited States, with about 9 percent 
of the world's gas reserves, produced about 48 percent of 
its production, while the Eastern Hemisphere, with about 
85 percent of the reserves, produced about 40 percent. 

The total proved reserves l/ of 2,546.4 trillion cubic 
feet and total production of 46,5 trillion cubic feet repre- 
sent a reserves-to-production (R/P) ratio of 54.8 as of tbe 
end of 1974. Although this R/P ratio should not be inter- 
preted as meaning that the world has a 54.8-year supoly of 
natural gas remaining, z/ it Joes provide a general inciica- 
tion of the longevity of present reserves. 

The 54.8 R/P ratio, however, is a worldwide calculation. 
Proved reserves and production in a number of countries re- 
flect a much lower R/P ratio. This is especially true in 
the industrialized nations --notably the United States, 
Japan, and various European countries--where gas reserves 
heave been declining each year. For exampze, the R/P ratios 
in the United States and Japan are only 10.8 and 17.8, 
respectively. 

The transportation of natural gas has in the past been 
considerably limited by the natural barriers of each con- 
tinent and the long distances involved. As a consequence, 
production and consumption of gas in North America was 
separate from that in Sough Aserica, in Europe and Russia 
it was separate from Asia and Africa, and so on. Within 

i/Defined' as the estimated quantity of natural gas which 
analysis or geological and engineering data demonstrates 
with reasonable certainty to be recoverable from known gas 
fieids under existing economic and operating conditions. 

/This is true because natural gas reserves are not static. 
On the contrary, reserves change from year to year based on 
the volume of new gas discoveries and the level of gas pro- 
oul;:ion. In other words, they can either increase or de- 
creane depending uPon the /relationship between the amount 
of gas silded and the amount used, . / I t 

I  . . - . w  
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recent years, however, the movement of natural gas via 
pipeline has tended to break down barriers betveen Asia, 
Africa, ,?nd Europe. The Netherlands supplies natural gas 
to France and central Europe, and Communist Bloc European 
countries, includj ng Russia, supply other European countries. 
En turn, Russia and other Commur,is: Bloc European countries 
receive gas from Siberia and Iran. A sub-Hediterranean 
pipeline from Algeria to Italy is also under construction. 

The discovery of natural gas is often a byproduct of the 
search for petroleum. Its consumption is a measure of the 
ability of the petroleum producer to find a market. For ex- 
ample I worldwide production of natural g?s amounted to about 
52 trillicn cubic feet in 1972. Of this, about 42.6 trillion 
cubic fet:t (82 percent) was marketed: of the remainder 
(9.4 trillion cubic feet), about 6.4 trillion cubic feet was 
flared (burned off) and about 3 trillion cubic feet reinjected 
into the ground to pressurize petroleum fields and aid in oil 
recovery. 

Gas and water injection is commonly used where oil fields 
have been depleted. In the United States, approximately 
50 percent of the oil from older wells is recovered by water 
or gas injection and other methods of secondary recuvery. 
This is cne reason t!le cost of producing oil in the United 
States is generally higher than in the rest of the world. 

The foilowing table shows marketed, reinjected; and 
flared natural gas in 1972 by geographical area (the latest 
data available). 

Billions of cubic feet Oercent 
Total Marketed Reinjected Flared marketed 

North America 
(note a) 28,063.5 25,980.8 1,588.S 494.2 93 

South America 2,541.6 882.5 953.1 706.0 35 
Africa 1,517.g 247.1 247.1 1,023.7 16 
Europe 6,212.8 6,071.6 35.3 105.9 98 
Par East 458.9 176.5 282.4 38 
Hiddle East 4,377.2 988.4 1’16.5 3,212.3 23 
U.S.S.R./Asia 8,825.0 8,295.S 529.3 94 

Total 51,996.9 42,642.i 3,000.5 6,354.O 82 

a/United States 24,004-O 22,521.4 1,235.5 247.1 94 
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Fiorldwide, natural gas is increasingly used both as a 
fuel and as a feedstock I i.e., raw nateriai) in producing 
plastics, synthetics, fertilizers, and other petrochemical 
products (see app. III, p0 46). For example, Russia, Algeria, 
Saudi Arabia, Xran, Venezuela, and other countries have an- 
nounced planso initiated construction, or completed petro- 
chemical plants -?d other projects which will use locally 
available gas as L fuel and feedstock. 

CONCLUSIO&Q . 

Proved natural gas reserves in the world are plentiful, 
representing an R/P ratio of 54.8, based on the 1974 rate of 
production. The gas reserves of some countries, however, 
may not enjoy such longevity. This is especially true of 
industrialized countries and other big users of gas. High 
consumption rates and declining reserves in these countries 
indicate that natural gas supplies will be depleted more 
rapidly. 

On the other ha.nd, those countries with excess natural 
gas generally cannot effectively use it at present. As a 
result, much of the excess 23s is bting flared. This situa- 
tion is gradually changing, however= as these countries de- 
velop export markets and industries which can. use the natural 
gas for fuel and feedstocks. 



CHAPTER 3 -- 

NATURAL GAS IN THE XZTED STATES 

The use of natural gas in the United States has risen 
rapidly over the last 50 years. With only 6 percent of the 
world’s population, the United States produced for rzarketing 
about 22 trillion cubic feet and imported almost 1 trillion 
cubic feet in 1974. 

As shown in the following chart, natural gas provided 
30.4 percent of U.S. energy needs in 1974. 

W 4.2% 
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RESERVES 

Proved reserves of natural qas have been declining 
since 1967, except for 1970 when a large discover; of new 
reserves was made on the Alaskan north slope. 

Total proved reserves have declined from 290.‘75 
trillion cubic feet in 1970 to 237.13 trillion cubic feet 
in 1974, a decrease of over 18 percent. This has occurred 
because new gas field discove:ies have not been keeping 
pace with the natural gas production. 

The following table shows the history of natural gas 
production and reserves and the resulting R/P ratios since 
1923. 

Yearend 
Marketed proved 

production fe,serves 

(trillions of cubic feet) 

R/P 
ratio --- 

1923 1.01 15.00 
1928 1.57 23.00 
1933 1.56 46.00 
1938 2.30 70.00 
1943 3.41 lLO.00 
1948 5.15 173.87 
1953 8.40 211-45 
1958 11.03 254.14 
1963 14.75 277.66 
1968 19.32 287.35 
1969 20.70 275.11 
1970 21.92 290.75 
1971 22.49 278.80 
1972 22.89 266.08 
1973 - 22.65 249.95 
1974 a/21.90 237.13 

14.9 
14.6 
29.5 
30.4 
32.3 
33.8 
25.2 
23.0 
18.8 
14.9 
13.3 
13.3 
12.4 
11.6 
11.0 
10.8 

d/ Preliminary. 

Sources: DeGolyer & MacNaughton, Twentieth Century Petroleum T-- 
Statistics, 1973 (1923-72 statistics); American Gas 
Association and Bureau of Hines (1973-54 statistics). 
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The proved reserves at the end of 1974 included about 
26 trillion cubic feet in the Prudhoe Bay area on the 
Alaskan north slope. These recently discovered but largely 
unexplored gas fields are almost inaccessible now because 
of transportation problems. According to Government experts, 
the future production in Alaska will only partially rbffset 
declining production in the productive gas fields of the 
continental United States. 

The proved reserve figure of 237.13 trillion cubic feet 
also includes about 35 trillion cubic feet of gas located 
offshore in the Gulf of Mexico. There are presently no 
proved natural gas reserves offshore alonq the U.S. east 
coast and only limited offshore reserves along the west 
coast. In 1974, offshore gas production accounted for ap- 
proximately 19 percent of the U.S. natural gas supply. 

A number of estimates have been made of the undis- 
covered, recoverable natural gas resources &’ in the United 
States. These estimates are, at best, orders of magnitude 
of the gas resources that might be discovered iR a given 
area and are subject to change with time and with applicatior 
of new geological data and techniques. 

The following table shows the estimates of the undis- 
covered, recoverable natural gas resources onshore and of’ 
shore as reported in the most recent studies by the Poter 
Gas Committee, the National Academy of Sciences, and the v .J. 
Geolo’gical Survey. The year of the study is shown in 
parentheses. 

Estimate 

(trillions of cubic feet) 

Gas Committee !19733 1,146 
National Academy (1975) 530 
Geological Survey (?.975) 322-655 

It is estimated that about one-fifth of the undiscovered, 
recoverable natural gas in the United States will come 
from offshore areas. 

JJ Defined as gas that has been identified, but cannot be 
extracted because of economic or technological factors, 
and gas yet to be discove’red. 



IMPORTS 

The United States has imported gas via pipeline from 
both Canad and Mexico for a number of years. It has also 

exported s.nall quantities to these same countries. The 
United States is a net im&porter of gas from Canada and net 
exporter to Mexico. Canada is the United Stat.es’ major 
source of natural gas imports; gas imports from Mexico are 
small, amounting to only about 0.02 percent of total Canadian 
imports. 

In 1974, Canada produced about 2.4 trillion cubic feet 
of natural gas, exported about 960 billion cubic feet fall 
of which came to the United States), and at the end of the 
year had proved reserves estimated at 56.7 trillion cubic 
feet. The 960 billion cubic feet represented about 4.4 per- 
cent of U.S. consumption in 1974. 

Since 1973, Canada has been reassessing its position on 
natural resourcesp with a view toward limiting its exports 
in the face of the rising domestic demand. In late 1973, 
Canada raiz?? export prices for natural gas from $0.32 to 
$0.61 per thousand cubic feat (WCF). The Canadian Government 
raised the export price to $1 per HCF effective January I, 
1975, raised it again to $1.40 par MCF effective August 1, 
1975, and has announced another increase to $1.60 per HCF 
effective November 1 F 1975 (prices in Canadian dollars). 

These increases will make the price of gas more nearly 
comparable to that of oil at an equivalent heat value and 
are in line with Canada’s policy that the price of natural 
gas should reflect its economic value in the marketplace 
in relation to alternative energy sources. 

At present, Canada’s PSational Energy Board is conductjng 
hearings on future domestic gas requirements in Canada. In 
general, the Board has ruled that natural gas can be exported 
only to the extent that it exceeds the country’s projected 
future- domestic needs. Specific means by which Canada’s 
future gas requirements will be protected are being discussed 
at the hearings, but no final decision has yet been reached. 

CONSUMPTION 

In 1973, about 24 trillion cubic feet of natural gas 
was produced in the United States, of which 22.6 trillion 
cubic feet was marketed. Of the remainder (1.4 trillion 
cubic ft. 1, about 1.2 trillion cubic feet was used in the 
field to repressure existing oil wells, and the rest, 
mostly residue gas, was blos+n to the air. An additional 
1 trillion cubic feet was inported. 
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Appendix II shows that the average number of residential, 
commercial, and industrial customers as well as the annual 
consumption of gas per customer have increased considerably 
since 1955. Declines in gas consumption per customer began 
primarily in 1973 and reflect both the worsening shortage 
of natural gas and the general state of the economy (e.g., 
fewer residential housing starts, reductions in industrial 
output, etc.) 

In 1974, an average of 40.5 million residential cus- 
tomers consumed about 121 million British Thermal Units 
(BTUs) l/ of gas per customer. In the same *year, an average -+ 
of 3.4 million commercial customers and 208,000 industrial 
customers consumed, per customer, 690 million and 39,285 mil- 
!-ion BTUs, respectively. 

American Gas Association statistics show that in 1974 
commercial and industrial users, representing about 8 percent 
of total gas customers, consumed about 65 percent of total 
gas sales but accounted for only 52 percent of total revenues 
to the gas L’ility. Electrical generating plants have, since 
1950, increased their use of natural gas almost 500 percent 
and in 1973 accounted for about 44 percerlt of the gas used 
by industry. 

Large volume customers enjoy lower unit pricing because 
it is less expensive to distribute large volumes of gas to a 
single customer than small volumes to thousands of customers. 
La:qe volume commercial and industrial customers are cften 
furnish,ed gas under. interruptible supply contracts at lower 
unit prices because they accept the risk that their gas 
deliveries will be cut off with minimal notice under certain 
conditions, such as extreme cold weather and breaks in major 
distribution lines. This risk forces t;lese customers to main- 
tain facilities that can burn either -gas or a second fdel, 
such as oil or coal. In terms of volumes of gas delivered, 
interruptible su@y contracts covered approximately 6 percent 
of commercial users and 42 percent of industrial users in 
1973. Electrical generating plants, classified as industrial 
users, had about 36 percent of their gas supply covered under 
interruptible supply contracts, 

CURTAILMENTS 

The current natural gas shortage has been most clearly 
manifested in curtailments of service by pipeline companies 
and distributors. Due to the short supply of natural gas, 

f/A BTU is the measurement of the quantity of heat required 
to raise the temperature of 1 pound of water 1 degree 
Fahrenheit at or near its point of maximum density. 
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many pipelrne co’ panics and distributors have been forced to 
curtail gas service, by either not adding new customers or 
reducing tSe gas supply to present customers who receive 
gas under interruptible supply contr:jcts. 

A February 1975 FPC news release shows an increasing 
trend in the curtailment of gas service during the past 
5 years, 

Net Curtailments (note a) 

Trill ions of 
Year cubic feet 

lg197Q .018 
. 1971 ,286 

1972 ,649 
1973 1.131 
I.974 1.679 

s/Totdl curtailments less curtailments by one pipeline com- 
pany to another. 

/Curtailments of gas deliveries first reported in November 
1970. 

The Chairman of FPC has stated that the gas curtailments 
will vary in impact in various regions in the iinited States 
depending upon the supply posture of specific pipeline sup- 
plrers serving a given region. 

We have examined the adequacy of FPC’s regulation of 
interstate natural gas pipeline companies’ curtailment 
activities (RED-76-18, Sept. 19, 1975). 

STORAGE FKILITIES 

In an effort to insure a continuing and stable supply of 
gas for the consumer market throughout the year, gas companies 
have increased the number of natural gas storage facilities, 
including those that store LNG. At the end of 1973, over 
6 trillion cubic feet of underground storage capacity was 
available fc,r natural gas, and 35 LNG plants with associated 
storage facilities provided an additional 35.9 billion cubic 
feet of gas capacity., These storage facilities give the gas 
companies a readily accessible source of gas for periods of 
peak cons umpt ion. Peak load problems usually occur in the 
winter, when the regular g s supply is insufficient to 

“i satisfy total requirements. I I 



The ability to draw down OR the storage facilities during 
peak consumption periods and replenish the facilities during 
nonpsak periods has made gas a highly reliable primary fuel, 
even to major consumers. For example, gas consumption, 
which peaks in the winter aonths, falls in summer by about 
50 percent. This ,aliows cyclical replenishing of storage 
facilities. 

CONSERVATION 

While energy conservation by itself cannot solve the 
energy problem, it caz increase the availability of natural 
gas and other forms of energy to meet higher priority de- 
mands. Government and industry spokesmen believe conserlra- 
tion can be achieved largely by cooperation among the public, 
Government, and industry to reduce energy waste without major 
hardship or inconvenience. A major oil company recently made 
a series of studies of various aspects of the energy situa- 
tion. @ne study, "The National Energy Problem--Potential 
Energy ‘qavings ,” listed conservation measures which could be 
taken : . three stages--in the short term, by 1980, and by 
1990. The study showed that potential energy savings through 
natural gas conservation measures, such as modified heating 
and cooling standards and more efficient industrial processes, 
would by 1990 amount to about 2 trillion cubic feet of gas a 
year. 

To date, however, conservation saving!. with respect to 
total natural has use have been minimal. An official of the 
American .Zas Association said in May 1975 that conservatjon 
measures by gas consumers during the 1973-74 heating season 
had reduced gas use about 5 percent. By sector, gas use was 
reduced 7 percent by residential users, 7 percent by commer- 
cial users, and 2 percent by indcstrial users. Conservation 
by industry is less noticeable since gas conserved is often 
converted to other uses within the same plant. Indications 
are that overall savings in gas use during the 1974-75 
heating season will again amount to 5 percent. 

COST OP GAS COMPARED TO 
CRUDE OIL AND COAL 

During 1968-74, the prices of all three fossil fuels 
increased considerably, as shown in the following chart. 
The average price of crude oil is a composite of domestic 
and imported prices. 
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1968 -- 
Percent 

1974 increase 

Natural gas, interstate 
(MCFJ 

Crude oil (barrel) 
Coal, bituminous (ton) 

so .16 $ 0.302 89 
2.94 8.75 198 
4.67 15.00 221 

More recently qluoted prices of natural gds, crude oil, and 
coal are about $0.51 per MCF, $12 per barrel, and $14 per 
ton, respectively. I 

Using the standard average heating values of the three 
fossil fuels as established by the Bureau of Mines,A/ the 
cost of 1 million B’IILrs at 1.4311 prices is computed to be 
about $0.29 for natural Gas at the wellhead, $1.51 for 
crude oil, and $0.50 for coal. 

This disparity can be martially attributed to the 
higher cosis associated wit; processing, transporting, and 
handling crude oil and coal. However, the primary reason 
natural gas has cost less an-1 increased less in price over 
the years compared to crude oil and coal is that the price 
of most natural gas nas been regulated. as discussed in the 
forthcoming section. 

The price of imported gas varies considerably. Pipe- 
line gas from Canada is imported, dependent upon contract, 
at prices ranging up to $1, 30 per MCF. Effective November 1, 
1975, the maximum price of Canadian pipeline gas imports will 
rise to $1.60 per MCF. One approved contract for importing 
LNG from Arzew, Algeria (El Paso I), quotes an average price 
of 31.03 per MCF landed at the U.S. terminal. Regasifying 
the LNG ano delivering the gas to the main distribution 
point are expected to increase the price to about $1.35 per 
MCF. Other applications have been filed with FPC for import- 
ing LNG. The most recent onec calling for the import of LNG 
from Sumatra, Indonesia, indicates a price of $2.50 per MCF 
landed at the U.S. terminal {subject to various price escala- 
tions) and $2.85 per MCF regasified and delivered to the main 
distribution point. These estimates reflect the prices that 
will be in effect during the third through fifth year of 
operations in Indonesia. Generally, there has been an upward 
trend in the prices quoted in pending LNG contracts. 

i/Natural gas has an average srcss heat content of about 
1,032 BTUs per cubic foot; crude oil, 5.6 million BTUs 
per oarrel; and bituminous coal, 26.2 million 3TLls per 
ton. 



Regulation of fossil fuel prices 

The rate schedules of dcnestically produced and 
transported interstate gas-- currently &3ut 00 percent of 
the gas produced in the United States--has been CGztrGlled 
by FPC for the past 2G years, In June 1974, FPC approved 2 
nationwide increase in the miximuai allowable wellhead 
price of natural gas from an average of about 21.6 cents 
per MCF to 42 cents, which was subsequently raised to 
50 cents. Recent price escalations have raised the price 
to 51 cents per KF. 

FPC also approves the rate schedules of imported gas 
through the issuance of Presidential Permits. Presidential 
Permits for importing natural gas are not necessarily sub- 
ject to the price restrictioz imposed on the sale and 
transportation of domestic gas. Bowever p a Presidential 
Permit will not be issued unless FPC and the Secretaries of 
State and Defense agree that the issuance of a permit will 
be consistent with the public interest. 

The price of natural gas produced and consumed in intra- 
state sale is not regulated by FPC. According to an FPC of- 
ficial, wellhead prices of intrastate gas generally vary frem 
$0.50 to $2.00 per PlCF compared with the interstate price of 
$0.22 to $0.55 per MCI?. 

A number of proposals have been made in the Congress in 
past years to deregulate the price of natural qas, The cur- 
rent administration IS supporting deregulation bills now in 
the Congress. Proponents of these measures point out that 
natural market forces would tend to establish gas prices at 
or near the competitive pricing for other forms of energy. 

Deregulation is expected to result.in a higher gas 
price, which will serve as an incentive for companies to 
explore for and develop additional gas fields to alleviate 
present and future gas shortages. It is debatable, however, 
how soon and to what extent &regulation will increase 
domestic gas supplies. 'As discussed in chapter 1, FEA's 
Project Independence report essentially ruled out any large 
increase in gas production in the short term. 

A higher gas price may have other effects. To the 
extent that it curbs natural gas consumption and encourages 
more frugal else of the fael, 
mechanism. 

/it will serve as a conservation 
A higher price nay also change the relationship 

between natural gas and alternative sources of gas, includ- 
ing LNG and synthetic cas fr,om coal. By reducing the price 
disparities between na :ural,igas and its alternatives, an 
upward adjustment in gas pr;Fes would tend to make these 



alternatives mere competitive with gas and their development 
more commercially viable. This hypothesis, of course, is 
based on the assumption that there will still be a gas short- , 

fall a% ter deregulation. I 

A January 1975 WC study@ “A Preliminary Evaluation of 
the Cost of Natural Gas DeregnlatiOn,* concluded that for the 
most part gas consumers would save money under an “average 
case” deregulation proposal (see following paragraph). This 
conclusion is premised o ;! a steady increase -in savings of al- 
ternative fuel costs as higher gas prices elicit more supply 
and curtail consumer demand. By 1985, these savings would 
exceed increased payments to gas producers by about $3.5 bil- 
lion, representing a net overall benefit to consumers. 

An PPC task Esrce analyzed three deregulation proposals-- 
total deregulation, including renegOtiation of existing con- 

’ tracts; deregulation of new gas (gas not previously dedicated 
to interstate commerce) and gas under expiring interstate 
sales contracts; lJ and deregulation of new gas or.ly. 

Under tarying assumptions of prices and supply results, 
the task force concluded that the total deregulation impact 
could range from a net cost of $2.4 billion to a net benefit 
of $7.5 billion, The other two proposals project results 
ranging from a net cost of $1.9 billion to a net benefit of 
$7.4 bil1io.n. The study also concluded that by 1985 the 
difference in cost among the three proposals would be almost 
completely obliterated, 

I  

Crude oil and coal have not been subjected to such rigor- I 

ous price regulation. However, crude oil prices are. con- 
/ 

trolled f;o an extent. In August 1973, to stimulate increased ! 
oil production through price incentive, the Cost of Living ; 
Council 2/ established a two-tier price structure for crude t 
oil. The structure placed a ceiling price on domestically 
produced crude oil which equaled production in the same 
month of 1972, the base year. When production exceeds that 1 
of the base period, the so-called new oil and an nquivalent i 
amount 0% old oil can ba sold at prices above the ceiling. 
In June 1975, prices under this system ranged from $5.25 1 
(old oil) to about $12 (new oil] a barrel. The average i 
price of domestic oil was about $8.40 a barrel, well below i 
the cost of imported crude oil. i 

I 

A/ This is the “average case” proposal. 

2/ In 1974, the petroleum pricing responsibilities of the 
l?St Of Living Council were absorbed by PEA. 
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Coal prices are not Presently regulated. In 1974, th- 
average price for bitraminous coal was $15 per ton. A 
Bureau of Mines official estimated that bituminous coal 
was selling for about $19 per ton as of June 1975. 

PUTURE DEBAND P&D AVAILABLE SUPPLY 

Any study of future U.S. gas demand and available gas 
supply must consider how much will be available and, if 
demand exceeds supply, what alternatives are available to 
meet the shortfall. 

The answers to these apparently simple questions 
are influenced by complex, interacting variables. These 
variables-- some measurable and predictable, others not-- 
include 

--the price and availability of natural gas and alter- 
native fuels; 

. 
--population trends; 

--desired lifestyle trends, both economic and geo- 
graphic; 

--general level of economic activity; 

--personal income;. and 

--potential Federal, State, and local influence upon 
the above areas. 

The history of each variable has affected gas demand or 
SUPPlY * For example, development of Federal, State, OK 
local laws and regulations has influenced Prices or the 
availability of natural gas or alternative fuels; likewise, 
the amount of gas consumption has increased as lifestyles 
have changed. 

The annual growth of natural gas use since 1948 has 
averaged about 7 percent, while use of all fossil fuels and 
all energy sources has averaged 3.8 percent and 3.5 percent, 
respectively. , 

Since 1968 a number of Government and industry studies 
have been made concerning, future gas demand and available 
supply under varying assumptions. The demand projections 
in these studies, however, were b?ised on natural gas prices 
prevailing at the time and, consequently, may not provide 
the most realistic, picture of future natural gas shortfalls. 
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The January 1975 FPC study on the cost of deregulation 
estimated the magnitude of future naturaL gas shortfalls, 
allowing for gradual price increases each year for flowing 
gas and new gas (including sales under the new national rate 
set forth in FPC Opinion No. 699-H), Tuo alternative supply 
assumptions were used in makiq the estizates: (1) le:el 
production of 22.6 trillion cubic feat Cl933 marketed produc- 
tion) each year, with each year’s increment of new gas ex- 
actly offsetting the declining production from existing 
wellzip and (21 level annual increments of 1;2 trillion cubic 
feet of new gas in the interstate market dnd 0.55 trillion 
cubic feet of new gas in the intrastate market, with total 
intrastate production held constant at 9.0 trillion cubic 
feet per year. 

Based on these varying assumptions of prices and sup- 
ply results, FPC estimated that the natural gas shortfall 
by 1985 could range from 7.5 trillion to 11.2 trillion 
cubic feet. 

A December 1974 FPC staff report stated: “The long term 
prospects for domestic natural gas production through 1985 
appear to be worsening at an unexpectedly accelerating pace .n 
To support this position, the report noted t;lat yearly produc- 
tion could &crease to between 7.3 and 17.4 trillion cubic 
feet, far short of the 1973 level of 22.6 trillion cubic feet. 

One criterion used in making such projections is the 
findSng rate for gas per foot of well drilled, For example, 
in 1967 about 21 million feet of wells were drilled, and the 
finding rate was 831 HCF of gas per foot of well drilled. 
In almost every year since 1967, the finding rate has de- 
creased. In 1973 about 35.6 million feet of wells were 
drilled, but the finding rate was only 104 #CL? of gas per 
foot drilled. Another indicator, the average size of newly 
found pools of gas, shows that in 1967 the average pool of 
gas was 42 billion cubic feet; in 1973, it was 9 billion 
cubic feet. 

CONCLUSIONS 

The accelerated use of natural gas in the United States 
over the past 25 years has led to shortages of this vital 
resource. Proved reserves of gas have been declining almost 
every year since 1967 because new gas discoveries have not 
been keeping pace with production and consumption. At the 
end of 1974, the proved reserves of 237.13 trillion cubic 
feet represented an R/P ratio of 10.8, based on the 1974 
rate of production. 
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The natural gas shortage is manifested in several forms, 
including (11 increasing curtailments of gas deliveries to 
industrial users under existing contracts, (1) failures among 
potential consumers to obtain supplies at the going pricer 
and (3) gas conservation ty users. 

Proponents of gas derqgulation contend that the low 
sales price of gas at the wellhead has created the current 
shortage by reducing the economic incentives for producers 
to seek neti natural gas discoveries. However I the extent 
to which deregulation would affect future gas supplies Is 
uncertain. Still, the continuing demand for natural gas in 
the face of declining proved reserves indicates that the 
price of natural gas (which is presently regulated well 
below the cost of other fossil fuels) could increase appre- 
ciably and still be competitive with coal and oil. DereguIa- 
tiqn may also alter the future demand and supply picture of 
natural gas and its alternatives by providing a higher price 
for gas. 

A number of studies have been made concerning future gas 
demand and available supply, These studies, made under vsry- 
ing assumpLions, indicate that the natural gas shortfall in 
1885 will be sizable, possibly as high as 11.2 trillion cubic 
feet, Regardless of what assumptions are used, experts gen- 
erally agree khat, if the historical trends continue, the 
United States has reached, the era of diminishing returns on 
the discovery 2nd production of natural gas. One alternative 
whit? could t?lp to alleviate the resulting shortfall is ob- 
taining LNG frc3 foreign sources. 
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CHAPTER 4 

CONSIDE*uTrC?~.3 P&ID ISSUES RELATED 

TO INCREASING LNG IMPORTS - 

BACKGROUND 

Hovement of natural gas within a continent is 
a relatively easy task, with tremendous volumes traveling 
by pipeline from the wellhead to extraction plants, to 
the distributor ( and finally tO the consumer. But Ocedn 
shipment of natural gas is another matter, involving bil- 
lions of dollars in investment in liquefaction plants, 
special ship carriers, and offloading terminals. 

Raw natural gas --natural gas as it is produced in its 
native state at the wellhead, water saturated and often 
containing liqtiid hydrocarbons and various impurities--is 
processed for transoceanic shipmer,t through an extraction 
plant to reduce or remove impurities and heavy hydrocarbons. 
The gas then goes lo a, liquefaction plant, normally located 
at or near the ocean terminal, where it is reduced to a 
liquid. The liquefacticz process reduces the temperature 
of the natural gas to about -25E degrees Fahrenheit at 
approximately sea level d&mospheric pressure, converting 
the natural gas to LNG. LNG occupies approximately one 
six-hundredth of the volune of the gas in its natural, 
gaseous state. 

The statt of the art in large liquefaction plants is 
comparatively nea, and the present costs of these plants 
vary considerably depending upon the engineering design, 
location, and local economic conditions. An FEA official 
said that, as a rule of thumb, a plant capable of producing 
1 billion cubic feet of LNG daily could cost from $500 to 
$600 mill ion. A liquefaction plant requires an estimated 
3 to 4 years to build. Appendix III shows current dnd 
planned investment as of late 1974 in LNG facilities in 
selected foreign countries. 

The transportation of natural gas by tankers is d 
critical part of the international energy supply line. 
Providing a bulk ocean carrier which will transport natural 
gas in its gaseous state is impractical due to the gas’ 
light weight and high volume. In its condensed form, how- 
ever, LNG is physically fedsible fpr transocean shipments 

* to meet world demands. I, 

To ready it for shipmen’;, 
I 

the’ LNG is piped into what 
amoune to giant size, heavily b ins3 ated thermos bottles 
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abcard the LEG tanker. Due to a slow but steady warming 
of the LNG in the thermos bottle, a condition called boil- 
off constantly occurs D To keep pressure from building 
UP* the LNG that has become gaseous in the boil-off is 
vented into the atmosphere or a portion of it is used to 
operate auxiliary machinery and dual-fuel main propulsion 
systems. Currently, LNG carriers dedicated to trade do 
not have onboard liquefaction for reliquefying boil-off. 

The boil-off presently averages about 0.25 percent 
of the total gas cargo a day. This may seem a small per- 
centage I but in large LNG carriers the loss could be 
considerable. For example, during a voyage from Algeria 
to New York City, a distance of about 3;300 miles, the 
loss in large carriers would be about 60 million cubic 
feet of gas. 

LNG tankers are expected to operate at or near maxi- 
mum design speed of 20 knots for approximately 50 weeks 
a year. The ship would be in repair status the remainder 
of the time. An LNG tanker is a specialized carrier, and 
no probable way Fresently exists to use it to carry other 
commodities because of the residual cold temperature of 
the tanks after offloading and the necessity to clean 
the tanks if other commodities were carried. 

COST-OF LNG-SHIPS 

Due to the technical problems associated with handling 
low temperature LNG, the cost of an LNG carrier is higher 
than that of other -bulk carriers of similar size. In 
late 1972, the cost of an LNG ship contracted for in the 
United States without price escalation was $106 million. 
A 1974 quotation for a similar ship was $135 million. 
The estimated 1988 cost of constructing an LNG tanker of 
the type now being constructed ranges as high as $170 1 
million to $200 million. 

The Maritime Administration is currently subsidizing 
LNG tanker construction costs for the difference between 
U.S. and foreign construction costs for a similar type and 
sized ship. The subsidies have ranged from 26 percent 
to about 15 percent in some contracts. The lower subsidy 
probably reflects, in part, the higher rate of increase 
in for-eign construction costs relative to increases in 
U.S. construction costs. For example, France, the world 
leader in LNG ship construction, was faced with a 30- to 
50-percent cost escalation in 1971 alone, due largely 
to rapidly increasing labor costs. 
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At the end of 1973, two U.S. shipyar-fs had orders for 
10 LNG tankers scheduled for delivery during 1975-78. 
Total contract costs of these ships are about $946 million, 
of which about $140 million will be provided through Gov- 
ernment subsidy on six of the ships, In addition, anoL.her 
U.S. shipyard has d similar contract for $309 million for 
three ships, including a Go.=ernment subsidy of about $51 
mill ion. In 1974, a Harifime Administration official in- 
dicated that 7 applications for about 24 ships with an - 
estimated total cost of $2.2 billion [including subsidies) 
were under consideration. Mone of the LNG tankers contracted 
for in the United States have yet been completed. 

Caoital investment required 

An estimate of the capital investment for ships must 
consider how much gas has to be imported, the cargo capacity 
of the shipt and the distance between foreign suppl^rers and 
the United States. 

In chapter 3, we pointed out that the natural gas short- 
fall by 1985 could range from 7.5 trillion to 11.2 trillion 
cubic feet. As discussed in chapter 1, long-term LNG import 
projects filed with FPC and other tentative projects envision 
the import of 3.8 trillion cubic feet of LNG annually by 
1985. Howeve i I this level may not be attainable. First, 
it is uncertain whether all the projects now under considera- 
tion will be completed (only two long-term LNG projects 
have seen approved thus far 1. Second, L?JG is a supply-limited 
energy. source. Although discussions are underway with a 
number of countries which could supply LNG to the United 
States, only a few countries have taken concrete steps to 
enter the world LNG export market and only two are now 
planning to export LNG to the United States. We have, 
therefore, adjusted the 3.8-trillion-cubic-feet projection 
downward to 3 trillion cubic feet, which still may be 
somewhat optimistic. If this level of LNG imports is attained 
by 1985, approximately 53 LNG tankers costing at least 
$6.6 billion would be required. 

In making calculations, we have assumed that each ship 
costs $125 million, has a capacity of 125,000 cubic mete.rs 
(2.65 billion cubic feet], will average 20 knots enroute, 
and will average one round trip each 16 days during 50 weeks 
of the year. 

AVAILABILITY OF SHIP 
CONSTRUCTION FACILITIES 

The leadtime required for an LNG tanker of 125,000- 
cubic-meter capacity has been estimated at abotft 3 years 
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from the date constructi n starts to operational status. 
This estimate must be qualified by recognizing that LNG 
tankers must fit into the overall construction priorities 
of the shipbuilding industry and that their size (87O- 
to 950-foot length and 135- to 145-foot beam), almost 
that of a 'U.S. Davy aircraft carrier, limits their con- 
struction to the largest shipyards. 

This situation may be alleviated somewhat by the current 
worldwide surplus of crude oil tankers, which has resulted 
in a lessened demand for such tankers and may free shipyards 
for building LNG carriers. 

The first LNG tanker began in service in early 1959, and 
about 16 were operating in world trade by January 1974. 
The first ship was slow (9.5 knots) and, by today's standards, 
small. The cargo capacity was approximately 110 million cubic 
feet of natural gas at atmospheric pressure. Today, several 
ships are planned or under construction that will operate 
at 20 knots and have a cargo capacity of approximately 125,000 
cubic meters, or 2.65 billion cubic feet. These ships may some- 
day be dwarfed by tankers of 250,000-cubic-meter capacity and 
higher speeds as the technGlogy associated with this nex indus- 
try advances, 

The size of LNG carriers. built in or offloading cargo 
in the United States is limited because (1) the de.pth of most 
U.S. ports ranges from 35 to 40 feet, just sufficient to accept 
the draft of a 125,000~-cubic-meter-capacity LiVG tanker and 
(2) few U.S. shipyards can build a ship much larger than the 
LNG tankers now under construction. 

According to-an October 1973 report by the Commission on 
American Shipbuilding, about 34 shipbuilding ways in the United 
States were capable of handling construction of ships 600 feet 
OK longer and 83 feet or wider. However, only 13 of the 34 
could build an ENG tanker of approximately 125,000-cubic-meter 
capacity without expanding the length or width of present fa- 
cilities. 

The shipbuilding industry has already programed a $500 
million expansion of existing U.S. facilities to improve 
shipy: :d productivity. 

The 13 tankers on order or under cons-ruction (see 
p. 26) will surely tie up existing facilities. If keels for 
new LNG tankers are laid i;nmediately after the launching 
of the first 13 tankers, the scarcity of shipbuilding ways 
will limit the rapid expansion f 
LNG tanker fleet. 

a domestically constructed 
,i 
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If the United States continues to build other types 
of large ships, the U.S shipbuilding industry must increase 
its capacity to handle the routine large-ship orders it 
has filled in the past and the incremental increase of 
LNG tankers. 

U.S. shipyard production is a minor factor in interna- 
tional shipbuilding. The Commission on American Shipbuilding 
reported in October 1933 that U.S. shipyards had 3.3 percent 
of the world’s commerciai shipbuilding orders and were con- 
structing 2.6 percent of the world’s total commercial tonnage. 
In contrast, Japan had about 45 percent of the world’s tonnage 
on order or under construction at the end of 1972. Of more 
than 50 facilities throughout the world capable of building 
a ship of over 250,000 dead weight tons, the United States has 
only 1. 

LEjG SHIP RECEIVING TERIIINALS 

Essentially, an LNG receiving terminal consists of 
a mooring buoy or wharf space for the LNG carrier during 
offloading, cryogenic pumps, insulated pipe1 ines to shore, 
and an insulated battery of storage tanks with a capacity 
about double the amount that can be carried by the largest 
snip that can b- offloaded at the terminal. 

After the LNG is changed back to its gaseous state 
at a regasification plant, it is pumped into gas mains 
in the distribution system. If Wdrrdnted, the gi:S may 
be processed through additional purification steps and 
blended with ether natural gas to maximize its uniformity 
or to raise or lower its BTU content before it enters the 
dists ibution mains. 

A major consideration in establishing a receiving 
terminal is the availability of deep-water ports capable 
of handling large, deep-draft, oceangoing ships. For 
example, several LNG ships under construction range from 870 
to 950 feet in length, 133 to 145 feet in beam, and 33 to 38 
feet in draft. 

Approximately 30 seacoast ports in the United States, 
excluding Alaska, are capable of hand1 ing ships with a 
draft of 30 feet or more.’ However, without additional 
channel dredging, 4 of the 30 ports could not accept an 
LNG tanker with a 33-foot draft and only 17 could handle 
one with a 38-foot draft. 

The Boston and New York City areas each have one opera- 
tional LNG receiving terminal at present. Another east coast 

28 



terminal has been completed, but is not yet operational 
'due to a lack of regulatory approvals. The gas industry 

also has several other receiving terminal 3fojects under 
development, including four on the east coast, one on 
the gulf coast, and three on the west coast. Six of these 
are being designed and two are under construction. 

U.S. receiving terminals require an estimated f8 
months to construct. Construction costs vary With the 
terminals' processing capacity. The following table shows 
the total construction costs, design capacities, and con- 
struction costs ;>er unit of capacity of three recently 
proposed LNG receiving terminals on the west coast. The 
costs (in 1974 dollars) include investments in pipeline 
facilities to transpcrt gas from the terminals to transmis- 
sion facilities. 

Cost per 
Daily MCF of 

Construc- processing capacity 
Terminal tion cost capacity (MCF) daily -- 

a $665,91%,000 2,810,OOO $237 
B 259,307,ooo 521,600 497 
C 164,624,OOO 400,000 412 

Average 
unit cost 382 

Assuming an average daily processing capacity of 
1.5 million PICF, the estimated average cost of constructing 
an LNG receiving terminal is about $573 million ($382 times 
1.5 million cubic feet). 

National security risks involved 
insiting termrnals and choosing . 
sources of supply_ 

A potential problem in siting receiving terminals is 
that importing large volumes of gas to relatively few 
receiving terminals may cause national security problems. 
Of course, this problem is not presently significant because 
the United States is essentially self-sufficient in natural 
gas, However, if the natural gas supply falls substantially 
behind demand as projected and imported LNG becomes essential 
to the gas supply, the diversification of receiving %erminals 
to minimize the impact of any supply interruption wiil become 
necessary. 

For example, if an urban area builds ulp a oependence 
on LNG as part of its normal gas supply, rather than as 
a supplement to the supply at peak consumFtron periods, 
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any s.upply interruption could cause serious problems. Factors 
that could cause such an interruption include: 

--Foreign policy and economic differences between the 
exporting and importing country (similar to the recent 
petroleum embargo by several major oil-exporting 
countries). 

--Mechanical breakdown of the supply line either at source, 
enroute, or ai destination. 

--Labor-management problems. 

The first two factors may be particularly applicable 
to an LNG import program, especially during its initial stage 
when the suppliers will be -few. The only countries planning 
to export LMG via tankers to the United States in the near 
future are Algeria 1/ and Indonesia, both members of the 
Organization of Petroletim Exporting Countries. Other potential 
suppliers of LMZ are also members of this organization. Can- 
sequently, U.S. vulnerability to an Lfi‘G supply disruption would 
be extremely great in the event of a political confrontation 
similar to that surrounding the Arab oil embargo of 1973. More- 
over, LNG imports will be dependent on a complex supply system 
consisting of liquerication plants, specialized tankers, and 
receiving terminals. The state of the art in these LNG facili- 
ties is comparatively new, so the likelihood of a supply dis- 
ruption'caused by technical problems would likewise oe great. 
This possibility is supported by recent technical problems 
with Algerian LNG facilities that have diaaupted operations 
several times. 

In addition to alleviating any- LNG supply disruption, the 
geographical dispersion of receiving terminals will reduce the 
transit time by providing terminals closer to the various LNG 
sources. For example, LNG imported from South America could 
be shipped to the gulf coast instead of the east coast. The 
shorter distance involved would reduce not only transit time, 
but aiso the number of ships required. 

As shown in the following table, the completed and opera- 
tional LNG receiving terminals, along with those under construc- 
tion or planned, will apparently satisfy the diversification 

L/ Algeria has exported small quantities of LNG to the United 
States in the past under contracts with the Distrigas 
Corporation and the;,Bostor Gas Company, 



requirement, considering ryistribution, national security, and 
availability of existing U.S. deep-water ports. 

Total 

Completed Planned 
and/or or under 

operaeional construction 

East coast 7 3 4 
west coast 3 3 
Gulf coast 1 1 - - 

Total 11 3 0 - - - 
On the basis of an estimated $573 million facility at each 
port, the total cost of the eight facilities planned or under 
construction would be about $4.58 billion. 

A diversity of LNG sources is essential to maintain 
national security. An important U.S. goal is not only to 
limit total energy imports, but also to avoid disproportionate 
energy imports from any region of the world. The United States, 
however c may be limited in its quest for such diversity. As 
mentioned earlier, LNG is a supply-limited energy source. 
Thus, if the Ted for LNG imports persist&, the United States 
may simply havQ to settle for whatever suppliers are available. 

-SAFETY AND ENVIRONMENTAL PROBLEMS 

Safety hazards arise from transporting, handling, and 
storing any liquid or gaseous fuel. LNG is no exception. 
Due to its extremely low temprrature, it can cause cryogenic 
burns on human flesh. If spilled on metal it can make the 
metal brittle to the point of structural failure, causing 
damage to ships or other equipment. After vaporization, LUG 
is readily combustible. . / 

No LNG ships have been lost through fire or collision 
since such ships began operating in 1959. Two major 
accidents, both of unknown causes, have occurred in LNG plants 
in the United States. The first, in 1944, killed 133 persons; 
the other, in 1973, killed 40. 

The Coast Guard has made extensive tests on LNG hazards 
and promulgated safety regulations to increase the safety 
of LNG carriers and facilities. 

Environmental hazards connected with LNG are considered 
minimal. In its low temperature, liqtiid state, it will damage 
objects upon which it is spilled. In the gaseous state, it 
burns with slight atmospheric pollution compared with other 
fossil fuels. 
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IMPACT OF L?;G IMPORTS ON 
U.S. C4LRNCE OF PAYMEUTS 

Another factor which warrants consideration in eval- 
uating LSG imports is their impact on the U.S. balance of 
payments. This impact will be negative, but in terms of 
the international trade projected between now and 1990, it 
will probably be small. 

The U.S. balance of payments has not been greatly af- 
fected in past years by natural gas imports. For ex- 
ample, since 1967 the cost of natural gas imports has been 
rising 7 the average about $55 million a year. In 1974, 
natural 1s worth about $505 million was imported, mainly 
from Cancraa, This represented about 0.5 percent of the total 
value of 1974 U.S. imports. Increases in the price of 
Canadian natural gas will increase the cost of gas imports 
considerably in 1975 (see p. 14), assuming that the level 
of Canadian gas imports remains relatively stable. 

As stated previously, LNG imports under approved, planned, 
and tentative projects could reach 3 trillion cubic feet 
annually by 1985. (See p. 26.) These projects are long tern, 
involving imports over 20 years or more. Consequently, the 
prices quoted in today's contracts represent a financial com- 
mitment that U.S. importers and, ultimately8 domestic gas con- 
sumers must endure until the end of the century. 

Prices will vary with each project. The approved El Paso 
I project will import Algerian LNG at an estimated price of 
$0.36 per MCP at the port of embarkation (i.e., P.0.B Algeria). 
It is estimated that LNG imported from Indonesia will carry a 
price of about $1.40 per MCF at the port of embarkation, If 
an average of $0.90 per MCF is used, the foreign exchange costs 
for purchases of LNG, based on imports of 3 trillion cubic reet, 
could amount to about $2.7 billion annually, excluding tran- 
sportation charges. 

The above price estimates are in 1974 dollars. Escalation 
clauses in pending LNG contracts make the likelihood of subsequent 
price increases great. In addition, the recent decision by the 
Organization of Petroleum Exporting Countries to coordinate natural 
gas pricing policies among member states so that such policies 
are in line with its oil pricing policy raises further questions 
concerning the price vulnerability of imported L?IG. 

Transportation charges for LNG under approved, planned, 
and tentative projects could amount to about $2 billion 
annually, based on estimates by gas companies involved in 
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the El Pa60 1 LPI@ prOjeC”6. However P the amount that ~uld 
actually be added to U.S. foreign exchange costs is not 
kriGW3. The effect on the balance of payments would be 
propcrtional to the number of foreign-flag versus U-S--flag 
vessels used to transport the LKZ, Both Russia and klqeria 
have indicated that at least 50 percent of their LMG exports 
must be carried on their ships. If it is assumed that half 
of the 3 trillion cubic feet of LNG imports projected for 
1985 will be transported on ‘oreign-flag vessels, the foreign 
exchange costs for transportation charges would be about 
$1 billion annually. The total U.S. balance-of-payments 
oiitflow, therefore, could reach about $3.7 billion annually. 

How much LNG costs, where tankers are built, and whether 
U.S. or foreign shippers handle the cargo will all have a 
bearing on the U.S. balance of payments. 

CONCLUSIONS 

Developing a complete LNG program will cfearljr require 
considerable capital investment in the United States and 
in gas-exporting countries. Both plans and actual construction 
of L&G facilities involwing the expenditure of billions of 
dollars are proceeding. In the United States, about $11 bil- 
lion may be required to build the necessary LhTG tankers and 
receivina terminals, assuming that 3 trillion cubic feet of LNG 
will be &ported annually by 19R5. 

These imports could add about $4 billion annually to 
the-U.S. bglance-of-payments outflow for the duration of ’ 
the projects. 

In addition to the financial considerations, LNG 
imports will have political and national security ramifica- 
tions. The possibility of supply interruptions caused by 
political confrontations or technical problems will make 
diversifying. U.S. receiving terminals and, if possible, LMG 
sources a necessity if LNG is imported on a large scale. 
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CBAPTER 5 

SUMMARY 

Energy, like raw materials, skilled manpower, equipment, 
capital, and technology, is an essential contributor to the 
economic growth of this country. 

Choices made regarding the mix of energy sources to meet 
the U.S. energy demand now and in the future must inevitably 
take into account U.S. domestic and foreign policies, national 
security, the delivered cost of the product to the consumer, 
envlronmental and health costs, additional manpower invest- 
ment, capital investment for new energy sources, domestic and 
foreign source availability, and the stability of existing 
and new energy sources. 

Natural gas will continue to be a primary U.S. energy 
source for the next 15 years or more and will provide much 
of our energy needs. The Nation depends daily on natural 
gas to heat homes, schools, and apartments and to satisfy 
various commercial and industrial requirements. 

Because this energy resource is vital to the U.S. economyr 
steps must nov oe taken to cope with the worsecing shortage 
of natural gas. A number of approaches to the problem exist, 
but each has litiitations. 

The extent to !qhich deregulation of natural gas prices 
will stimulate exploration for and development of new domestic 
gas fields or encourage increased production to meet demand 
is uncertain. However, recent studies indicate that denegula- 
tion, at least in the short term, will not result in any 
substantial increase in domestic gas supplies. 

The effect of conservation measures on future gas con- 
sumption, whether the result of voluntary effort or regula- 
tory measures, is likewise uncertain. But it seems unlikely 
that any overall savings would appreciably affect natural 
gas demand as long as gas conserved by one segment of the 
natural gas market becomes available for use by other seg- 
ments. This is not to suggest that conservation by in- 
dividuals and industry is not necessary. Conservation is, 
of course, Qital to meeting future natural gas demand, but 
it should not be viewed as a panacea. 

Experts generally agree that new energy sources will 
not greatly affect the demand fo: natural gas in the United 

L States until 1990 or later because of technological and en- 
vironmental problems. 



Another alternative ,would be to require certain large 
natural gas users, mostly industr ial and electrical qenerat- 
ing plants, to shift to other sources of fuel, pKincipally 
coal or oil. Switching to coal would require increased pro- 
duction with accompanying manpower, health, and safety prob- 
lems. Increased strip mining would also probably be required. 
Switching to oil would aggravate the current domestic crude 
oil shortage OK KeqUiKt? increased Oil imports With attendSIt 

political, economic, and national security risks, Additional 
pipeline distribution, refineries, and storage capacity would 
be required in the United States. Greater use of ~021 and 
oil would also require a major capital investment for expandin< 
facilities as well as for machinery and equipment to comply 
with increasingly restrictive U.S. environmental Standards, 

The remaining alternative is to import LNG to supplement 
domestic gas supplies. As with the other alternatives, there 
are drawbacks. LNG imports are expected to only minimally 
alleviate the natural gas shortage in the short term. If LNG 
is imported on a large scale, the same economic,.political, 
and national security risks created by oil imports may arise. 
A major capital investment for building LNG carriers and other 
facilities would also be required. 

Natural gas available to the United States from foreign 
saurces is being reduced by exploitation of KesouzL’es within 
those countr ies, such as by construction of petrochemical and 
other industrial plants, and also by competition f mm energy- 
shOK t COuntr ieS. The gas available to meet U.S. demand may 
thus be limited. 

The Government’s legislative and executive branches are 
formulating national energy policies that will affect our in- 
dividual lifestyles and American industry for years to come. 

‘The data and observations in this report should help the Con- 
gress and the executive branch evaluate (1) the need for and 
reliance on imports of natural gas, (2) the economic, political, 
and national security problems and costs associated with such _ 
imports, and (3) the available alternatives. 
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SBORTCOMINGS OF THE #ORE COMMOid NATURAL 

GAS SUBSTITUTES AND ALTERHATIVE ENERGY SOURCES 

Following are some problems and limitations associated 
with the more common substitute and alternative energy sources 
which could alleviate a natural gas shortage in the United 
States. 

1. U.S. petroleum reserves are declining. Emestic 
production provides only about two-thirds of U.S. requirements. 
Reavy and continued reliance upon foreign sources of oil 
to augment domestic production is net. in the best interests 
of the United States because of national security risks 
and potential economic threats by foreign countries to achieve 
their political objectives. Current U.S. efforts to zagment 
domestic supplies, decrease petroleum consumption through con- 
servation, and shift generating plants and other industries 
to the use of coal are indications of the emergirr nature of 
the domestic petroleum shortage. 

2, Coal is plentiful in the United Sta -.es--amounting to 
a,j estimated 1.6 trillion tons of proved resources. Recover - 
able coal reserves account for about 88 percent of the Nation’s 
proved reserves of all fuels, but coal supplies only 18 percent 
of the energy used. Of the 600 million tons mined each yearr 
about,45 percent is strip mined, 

Electrical generating plants use about one-sixth of the 
natural gas and two-thirds of the coal consumed annually in 
the United States. A further shift to coal is possible, 
but large amounts of capital would be required and major 
problems can be expected. The problems would involve upgrad- 
ing mine safety and health standards: recruiting additional 
miners; and dealing with the environmental ccasequences of 
water and air pollution, waste disposal, and strip mining. 

3. Substantial quantities of oil shale exist in the 
United States and shale oil production is feasible but large 
outlays of capital wiT.1 be required. An oil shale complex 
capable of producing 500,000 barrels of oil a day could 
cost an estimated $6 billion to $8 billion. But shale oil 
production may be limited due to the large quantities of 
water required and the environmental impact of strip mining. 

Another method of obtaining shale oil, known as “in situ” 
retorting, involves extracting oil from shale in a deep mining 
operation. This method, which will also create environmental 
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problems, is urider stildy but largely untested, .nd its 
projected cost and practicality have yet to be determined. 
However, neither shale oil production method is expected to 
contribute substantially to an energy solution before 1985. 

4. Known tar sands exist in Canada and Venezuela and in 
small deposits in the United States. Tar sands oil is not 
widely available today. This alternative will be expensive; 
the capital investment required to provide only a small per- 
centage of U.S. er.ecgy needs will amount to billions of 
dollars. 

5. Coal gasification, burning coal under controlled con- 
ditions to produce synthetic natural gas, has proved feasible 
in Germany and South Aft ica. Private and governmental research 
in the United States has reached the point that several COW 
panies have announced plans to build-coal gasification plants. 

The initial cost is high. Applications filed with FPC 
for two major coal gasification projects, each capable of 
producing about 275 million cubic feet a day sf high-BTU, pipe- 
line cjuality gas, indicated an average capital cost of about 
$750 million, excluding the costs of the associated coal mines. 
Each plant would burn over 6 million tons of coal annually, 
consume about 1 biliion gallons of water daily, and require 
disposal of over 600,000 tons of ash each year. 
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Residential: 

Number of 
customers 
(note a) 

Annual con- 
sumption per 
customer 
(note b) 

Comercial: 

Number of 
customers 
(note al 

.AMUal COil- 
sumption per: 
customer 
(note b) 

:. 
APPENDIX 11 

AVEPAGE ANNUAL NUI4BiR OF GAS C!lE'LOktERS AHND 

ANNDAL C0l4SwlmxON PER CUSTORER, 1955-74 

1960 1965 1970 1972 1973 -- 

26.28 34.34 

117 

38.1Q 

85 129 

.39&&.4&12 

131 125 

1974 

40,53 

121 

2;os 2.46 2.79 3.13 3.20 3.26 3.33 3.36 
a' 

295 374 488 641 615 699 685 690 

Industrial (note c): 

Number of 
customers 
(note a) .12 

Annual con-- 
sumption per 
customer 
(note b) 29,163 

.14 .17 -20 -21 -21 .21 -21 

33,495 36,983 42,397 42,122 41,953 40,003 39,285 

a/Number of customers in rmillions. 

b/Consumption in millions of BTUs. 

s/Includes sales by qas utilities to electrical qeneratinq plants but excludes 
direct sales by producers to these plants. 



APPEoNDIX III APPENDIX I: 

CURRENT AND PLAXNED INVESTMENTS 

IN WORLDWIDE LNG FACILITIES, 1974, 

AND GROWTH OF WORLDWIDE PETROCHEMICAL PROJECTS 

ABU DHRBI 

An American engineering firm and Japanese interests have 
recently combined their skills 2nd invested $300 million in a 
gas liquefaction plant. The plant, ex.pected to be openational 
in 1376 or 1977, will provide Japan with about 435 million 
cubic feet of gas daily. 

ALGERIA 

One liquefaction plant is in the planning stage, a second 
under construction, and a third in operation and providing 
LNG to the United States, France, and the United Kingdom. DLU? 
to a disruption of operations caused by technical problems, 
gas deliveries to the United States in 1973 were considerably 
less than planned under a contract with the Distrigas Corpo- 
ration. El Paso Natural Gas company has a contract for 1 bil- 
lion cubic feet of gas daily with initial deliveries expected 
in 1977-78. Anothe.r company filed applications with FPC for 
permission to import about 3.3 trillion cubic feet of gas over 
a 20-year period starting in 1979. 

Foreign financing of present and planned Algerian 
liquefaction plants is substantial. The U.S. Export-Import 
Bank has provided $157 million in direct loans for an LNG 
project and a like amount in loan guarantees. This is a por- 
tion of a $2 billion investment in plant and facilities to 
provide LNG for export to the United States. In connection 
with this project, the Export-Isport Bank recently approved a 
direct credit of $47.7 million for the sale of $119.2 million 
of U.S. equipment and services to the Algerian oil and gas 
firm for a natural gas processing facility. Great Britain has 
also loaned about $92 million for expanding the existing plant. 
Under a tentative agreement, Algeria has agreed in principle 
to supply Spain with about 438 zillion cubic feet of pipeline 
gas daily for 20 years in exchange for a $340 million loan for 
an additional liquefaction plant. In September 1974, it was 
reported that the state-owned oil and gas firm had let an $850 
million contract to a consortium of European interests for 
constructing an LNG *,omplex. In addition, Algeria has arranged 
loans to build the first 3 of a proposed 13-ship LNG tanker 
fleet that it will own. 
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BRUNEI 

A liquefaction plant with a processing capacity of 
450 million cubic feet of gas daily is in operation and sup- 
plying gas to Japan. The plant, a result of a joint venture 
involving two foreign companies and the Brunei G.overnEent, 
wi.11 ultimately be capable of processing about 650 million 
cubic feet of gas daily. An initial investment of $170 mil- 
lion was provided by the firms involved. 

CHILE 

A liquefaction plant, with a designed capacity of 
290 million cubic feet of gas daily, is now being planned. 
The plant, scheduled for completion in 1977, will cost an 
estimated $130 million. 

IND0NESI.A 

A liquefaction plant will be constructed to provide LNG 
for export under contracts neqotiated with American and 
Japanese utility companies. In one agreement with an American 
utility firm, the state-owned Indonesia c;il company will 
provide 550 million cubic feet of gas daily to the United States 
over a 20-year period. This gas will be provided from a 
liquefaction plant yet to be built. Details of financing for 
the plant are not yet available. Under another contract signed 
with a consortium of Japanese companies, about 1.1 billion 
cubic feet a day of gas will 3e exported co Japan for 20 years. 
The Japanese Government is investing $700 millron in the LNG 
project: the first shipments to Japan are scheduled for 1-977. 

IRAN 

American, Japanese, and ?Jorweg ian interests and the Na- 
tional Iranian Gas Company have signed a $700 million contract 
for constructing LNG facilities to provide 1.2 billion cubic 
feet of gas daily to Japan. 

Japan is providing a $1 billion loan to f inLtnce an LNG 
plant, a cement plant, an aluminum plant, and a petrochemical 
complex. No details as to the size or exact cost of the plant 
were available in the January 1974 announcement concerning 
the tentative project. 
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KUWAIT 

An American engineering firm has been asked to perform 
the basic feasibility study for a possible liquid petroleum 
gas complex. The complex8 the initial stage of which is 
expected to cost $100 million, is expected to eventually 
produce about 65 million cubic feet of LNG daily as well as 
other liquid petroleum gases. 

LIBYA 

A liquefaction plant costing $168 million is in opera- 
tion and producing 345 million cubic feet of gas daily for 
export to Italy and Spain. The contract with Italy calls 
for shipping 235 million cubic feet of LNG daily for 20 
years; the agreement with Spain calls for supplying 110 
million cubic feet daily for 15 years. 

MALAYSIA 
. 

A Dutch company plans to build a liquefaction plant 
capable of processing about 750 million cubic feet of 
gas daily for export to Japan under a 20-year contract. 
The plant is expected to become operational in 1978. 
Negotiations ate underway to determine the size of each 
participant's share in the project. 

NETHERLANDS 

A 13-billion-cubic-feet-a-day LNG plant is in the 
engineering stage. However, no LNG is presently expected 
to be exported. 

NIGERIA 

Negotiations are underway between the Nigerian Govern- 
ment and two groups of companies concerning tentative LNG 
projects, but no contract has been signed. 

RUSSIA ! 

Russia has about one-third of the world's proved natural 
gas reserves. During the-last 3 years the Soviet Government 
has held a number of discussions with Japanese and D.S. firms 
desiring to buy the natural gas., 

U.S. firms have so far shown the most interest in 
a partially developed gasjfield :in western Siberia. The 
cost of developing this field, long with a 1,500-aile 
pipeline, a gas liquefaction pl nt, and LNG tankers, has 
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been estimated at f ram 55 billion to $7 billion. In early 
1974, a Soviet delegation to tt: e United States indicated 
that they desired two things--(l) major hf.S, investment 
and 421 $500 million in trade goods, which when sold in 
Soviet markets would provide the Soviet portion of financ- 
ing . In early 1973, the Soviets were considering selling 
the United States about 2 billion cubic feet of gas a day 
at a cost of 60 cents per HCF at the port of embarkation. 
Since then they have indicated that the cost could be as 
high as $1.50 per MCF at the port of embarkation. 

Large natural gas and petroleum deposits also exist in 
eastern Siber ia. The Zapanese, and to a lesser degree 'J.S. 
firms, are interested in developing this area. A major 
problem appears to be the high cost* estimated at $10 billion 
to $12 billion. Russia has indicated that oil and gas lines 
or a railroad line probably should be built for the exports. 
Both methods pose problems in supply interruption because 
the supply line would stretch over 2,000 miles. According 
to a Department of State official, weather conditions are 
the major problem in the construction, drilling, and operation 
of oil and gas fields. The long border between Russia and 
China could also be a problem, depending upon the political 
climate between the two nations, 

Funding for the two projects is still tenuous. Russia 
has requested, but not received. an initial Export-Import 
Bank loan of $49.5 million and is seeking an additional loan 
of $400 million from both the Japanese and U.S. Export-Import 
Banks, This is only a minor portion of the estimated $15 bil- 
lion to $19 billion needed to complete the two projects. 
Negotiations on the Soviet gas deals are presently at a 
standstill. 

The question of continued availability of gas has been 
raised. RCssia’s interzal gas deinands are rising at about 
7 percent a year. By 1905, at the present rate of growth, 
Russia will double its Internal demand. With the long lead 
time, until 1985 or later, to place these two projects in full 
operation, the United States and Japan may find they have 
financed domestic Soviet gas development, thus limiting the 
amount available for exsrt. 

ONITED STATES 

The United States has a number of UiG plants and asso- 
ciated storage facrlities in operation. The American Gas 
Association reported that in 1973 36 plants were in 
operation with a total liquefaction capacity of about 
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294 million cubic feet a day. An additional 16 plants 
with a iiquefaction capacity of 77 million cubic fee", 
a day had been proposed *r were under consideration, 
The plants are small, a\ iging less than 6 nillion cubic 
feet each of capacity dairy. The output of these sral!. 
LNG plants is stored near consumer markets, where natural 
geological underground storage structures for natural 
gas in its gaseous state are not available. 

In addition, a number of LNG projects are either 
planned or operational in AldSkd. An American utility 
firm has proposed a project in the Cook Inlet area of 
southwestern Alaska which will initially deliver up to 
200 million cubic feet of gas daily to southern California 
users. The capacity is expected to double at a later 
date. 

The estimated total cost (in 1974 dollars} of the 
liquefaction plant and marine terminal facilities is about 
$500 million, Total capital expenditures for the project 
through its completion are estimated to be $924 million. 
The LNG plant is expected to become operational in 1979. 

An L% project planned for the Prudhoe Bay area of 
Alaska, as an alternative to a pl-oposed Aldskan-Canadian 
pipeline system, would deliver approximately 2.8 billion 
cubic feet of gas per day to Point Conception, California, 
for distribution to market areas in the continental .United 
States. Gas deliveries will begin around 1980. The pro- 
posed LNG plant, expected to have a processing capacity of 
about 3 billion cubic feet a day of LNG equivalent loaded 
aboard LNG carriers, will require an investment of about 
$1.2 billion (in 1974 dollars). Other capital costs, 
including pipeline and marine terminal facilities, 11 LNG 
carriers, and administrative costs, will amount to about 
$4.4 billion. 

Another liquefaction plant in Kenai, Alaska, owned by 
two oil companies, is presently in operation and providing 
140 million cubic feet of gas daily to Japan. This plant 
has been selling LNG to Japan since November 1969. / 

A problem may arise concerning the shipment of LYG 
from the Alaskan facilities to other U.S. destinations. 
The Merchant Marine Act of 1920 (also known as the Jones 
Act) provides that only U.S. built and owned vessels 
are to be used to transport water freight between points 
in the United States, including districts, territories, 
and possessions. (46 U.S.C. 883 (Supp. III, 1973)). 
There are as yet no dOmeStiCdlly built and owned U.S. 
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Lh’G ships. Thus ‘ under the existing statutes, LNG from 
the proposed and operationa I liquefaction plants in Alaska 
could not be shipped to other U.S. ports for domestic use. 
Roiiever I the Act of December 27, 1950, ch, 1155, sections 
1, 2, 64 Stat. 1120, has been interpreted as allowing an 
exception to the rule when the secretaries of cognizant 
agencies and departments deem waiver to be in the best in- 
terests of national defense. 

Many countries are investing in petrochemical projects 
throughout the world, Stimulat.ed by a year of high demand 
with improved profit margins, petrochemical projects have 
been increasing at a rapid pace. As shown in the following 
table, the worldwide total of projects proposed, planned, 
cr under construction reached a record high of 1,262 in 
1975, an increase of about 80 percent over 1974. 

Petrochemical Units-Worldwide (note a) 

1974 1975 

North America 89 163 

Latin Amet ica 117 315 

Asia/Pacific 164 294 

Western -Europe 164 263 

Eastern Europe 110 135 

Middle East and Africa 59 92 

Total 703 1,262 
E 

a/For projects, all units are counted separately--either 
proposed, planned, or underway at a given location. 
Some projects involve several units. 

l 

W- 

. 

Such a building surge could lead to petrochemical sur- 
pluses, but this projection may shrink as capital requirements, 
engineering manpower shortages, and the economic slump take 
their toll. 

I 
Of the 1,262 projects, I about 50 were scheduled to be 

completed in late 1974 or early 1975. 
dates in 1976 or early 19771 

Several have completion 

i 

The United States has a total 
of 125 listed projects, mor 

I 
than any other country. 

i; 
1 

.i 
:i i 

\ 
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4 Although petrochemical complexes may represe:. _ in 
3 

part a means by which certain prcrducing countries plan to 
t enhance the value of oil and natural gas in world marketsl 

the profit q.otivc is not the only reason for the recent 
acceleration in petroc%2xical development. The surge 
also reflects the &iv;2 of countries to reduce imports or 
to become completely self-sufficient in various petro- 
chemical products. 

In terms 05 number of projects, ethylene and poly- 
ethylene complexes lead with 89 and 96 projects, respec- 
tively. Growth in petrochemical industries may affect 
the availability of LMG for export. . 

. 
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