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ELEMENTS OF THE WORLD ENERGY CRISiS*

A Talk Given at the Watchtower-74 Meeting
January 18-20, 1974, Cocoyoc, Morelos, Mexico

Sponsored by the Banco Nacional de Mexico

Glenn C. Werth
. and
E1liott Green

Based on Material Developed by the Energy’SyStems Group,
Lawrence Livermore Laboratory, University of California,
Livermore, California

The world energy crisis isva:1arge and comp]gx tdpié. I hope to
highlight the chain of events leading to the crisis, point out which

‘countries are primarily affected and identify what options they may

have. This is a large topic and I approach it with humility. There
are others who have studied the problem more thqroughly'than I, and

. I welcome theirAcomments_and any opposing‘views.

*ork perfdrmed under the auspices of the U.S. Atomic Energy Commission.
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A discussion of energy should start by pointing out the fact that
as man has moved from the primitive and hunting stage through the
agricultural and industrial stage and on to the teehnicaj stage, his
consumption of energy has risen enormously (Slide 1). The energy crisis,
therefore, is really a crisis of the highly industrialized technological

‘nations. This point is further illustrated in the second slide in which"

the gross national product per capita is plotted against the total energy
per capita. The United States is the']argest per capita user of energy
and stands far out on the curve. Next are the countr1es of Western Europe
and then, with about the same energy consumpt1on per capita but a lower
gross national product, come the Soviet Union and her East European a111es.
The position of Japan is on the curve and should also be noted.

The.consumption and produotion of these major regions of the world
are displayed in Slide 3. The tails of the arrowspshow the consumption
and production in 1953, and the head of the arrows show the situation in
1969. For example, in 1953 North America's production almost equaled
consumption as indicated by the position near the 45 degree line. By 1969,
however, North America had become a moderate«importer of energy. The Soviet
Union and her Eastern European allies, "planned:economies“>in the United
Nation's data, were in balance in 1953 and a slight exporter in 1969, On
the other hand, Western Europe, in 1953 a s]ight[importer,‘has since
actually cut production an& increased consumption'by about a factor of
two. As1a Pacific, princ1pa11y Japan, has a]so increased consumpt1on.

This chang1ng pattern of energy flow is more dramatica]]y shown in
S1ide 4,which is restricted to wor]d petroleum flow._ North America has
become a’ 25 percent 1mporter of 011, the Soviet Un1on is a slight exporter
and western ‘Europe and Japan have enormously 1ncreased the1r consumptlon '
of imported oil, ‘In this same time period 0il1 has, of course, come from
the Middle East, from Centra] Amer1ca (including Venezuela), and from
Africa. African oil is princ1pa11y leyan production One can see that
early 1n the 50's, ‘the big users of energy were more or less self-sufficient,
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but since that time there has been a shift to a very Targe commerce in
oil.

The reason for the shift is one of economics. If you were an oil
company president with funds to invest in oil exploration and you asked
yourself the question, "Where can I get the largest capacity for my
dollar?" you would note the information displayed in Slide 5. A $5500
investment would obtain a barrel of daily capacity in the United States.
In Canada it would require $4500, in Venezuela $1300, and in the Middle
East $300. Thus there is a factor of 20 difference in what it costs to
obtain oil between the United States and the Middle East. The reason for
this large difference lies in the nature of the oil fields. In the
United States a well is drilled, a 3 to 5 meter oil-bearing sandstone is
found, and it is considered to be a good 0il field. In the Middle East,
however, the producing formation is 100 meters thick and extends over a
considerable area. With Middle East oil wells costing 5 percent of their
U.S. equivalent, investment quickly moved to that region of the world.

The typical cost of Middle East crude is shown in Slide 6. The time
period here is 1955 through 1970. The direct cost of production is
eight cents per barrel; direct. cost is the cost of operat1ng the pumps

_and}maintaining the equipment. Amort1zat1on of capital takes an additional

ten cents, for a total cost of product1on of about 18 cents. Apart from
inf]at1on, that is still the cost of Middle East production today. During
the per1od from 1955 through 1970 the roya]ty and taxes amounted to 93 cents.

The posted Middle East crude price was- $1 .80, wh1ch yie]ded 69¢ for

~ 011 company overhead and profit. Transportat1on to the U.S. was about 45¢,

giving a delivered cost of Middle East crude to the U.S..of $2.25. It was

‘qu1te clear that un11m1ted ava11ab1]ity of this cheap. Midd]e East crude

would quickly destroy the u.s. 01l industry.r At $2.25, Middle East crude
was at least $1.00 under the U.S. oil price. The U.S. 'debated the problem
and’ decided that- 011 was too basic to national and econom1c security to
allow dependence on Middle East crude. Therefore, the U.S. ‘adopted a
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policy of oil quotas which limited the import of Middle East oil‘to a
fraction of domestic production,and thus protected the domestic industry.

An interesting result of this policy is shown in Slide 7. Middle
East exports to the Western Hemisphere actually decreased'slightly from
1960 to 1970. The rest of the world, Western Europe anvaapan in particular,
took advantage of this cheap Middle East crude oi1, and expanded their
imports dramatically. In the process they built their economies on this
0il. The oi1 producing countries, of course, received the revenue or
profit of 93 cents a barrel. Escalation of the host country receipts
started in 1970. These receipts are shown in Slide 8. Kuwait's profit
reached $1.6 billion in 1962, Saudia Arabia reached $3.1 billion and so
on. Over the years these funds were, in part, used to develop their own
countries. These funds have also been used as "foreign“ aid to other
Arab countries, since the countries having significant.oil production
constitute only 10 million of the 100 million Arab people in the world.
These funds have been used to finance in part the war against Israel and
the Palestinian Liberation Movement. It is reported that Libya has been
bankrolling the Irish Republican Army. '

These revenues were coming in at such a rapid rate that finding
adequate investments became"ihcreasingly difficult. Since development
and investment could not absorb the funds, foreign exchange reserves
built up rapidly, as shown 1n Slide 9. These reserves are basically -
demand deposits in European centra] banks. - A’year ago, when the dollar
was’ weaken1ng, there was considerable suspician that Arab countr1es, in
order to protect their reserves, sold do]]ars and- bought West German
marks, ‘Swiss francs and yen.' With huge amounts of money 1nvo]ved such
action Ted to further deterioration of the do11ar Gradua]]y the Arab

‘ countrles came ‘to realize that the1r wealth Was the1r 0il1, that it should
be conserved, and that the best conservat1on program was leaving it in the

ground. Last year Libya actua11y decreased product1on. KuWait announced
no further increases in production and Saudia Arab1a stated that they
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would on]y'increase‘produétion out of friendship for the United States.
So, at the time of the 1973 Egyptian-Syrian War against Israel, the
stage was set to use o0il as a political weapon. It was an opportune
time to restrict production, inasmuch as many of the Arab nations had
already planned cuts. The production cut shocked the world, but the
total embargo against the United States and the Netherlands turned out
to be leaky. After assessing this, the Arabs decided that their most
important political weapon was price. They raised the host country
receipts to $7.00 a barrel which represents a 700 percent increase
from the 93 cents that prevailed from 1955 through 1970. The return

to more normal levels of production may also have been'spurred by the
realization that Western nations could take effective countermeasures.
Such countermeasures mlght include a ban on sales of mach1nery and
hardware .and a ban on technicians working in the Arab states. Perhaps
the most telling argument, however, was that aidramatjc}reduction in oil
production might trigger a world-wide economic recession, which would,
in turn, affect the prosperity of the Middle East itSe]f._

And so the world finds itself in the position shown in Slide 10 in
which the production is the black hemisphere and the consumption the white
hemisphere. The large producing areas are, of course, the Middle East,
North Africa and the Caribbean, as well as the USSR and the U.S. The
Tlarge consum1ng areas are the United States, Western Europe, the USSR
and Japan. ‘So the rea] problem of the energy crisis 1s. ‘What are these
- four large consum1ng areas going to do? Since these are the’ large
1ndustr1al regions of the world, the. hea1th of the1r economles affects
. the whole world. ‘ ‘

" First, however, let us take a look at- the enviable Mexican situation

| where product1on and consumptlon are in balance. The figures are given

in Slide 1. 1 am certa1n1y no authority on the consumption and product1on
of energy in Mex1co but these. are figures taken from the standard reference
books. They show that domest1c production was slight]y ahead of consumption
and a small export trade resu]ted The reserves p1cture is shown in Slide 12.
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Using the usual ratio of reserves to current production, there is a 15.5
years supply of oil and 16.6 years of gas. Coal is in much larger supply.

These reserve-to-production ratios are comfortable margins and, on the

surface at Teast, it appears that Mexico will be spared maJor energy problems
through your own fores1ght and reserves plannlng

The wor]d, however, needs to develop other sources of energy. Mexico is
to be congratulated on her geothermal development at Cerro Prieto in Baja,
California. Figure 13 is a picture of the plant producing 75 megawatts of
e]ectricaT energy from the heat of the geothermal waters. The United
States is just starting the development of geothermal energy; in fact
our Laboratory has just received about $400,000 for the development of
United States geothermal resources just north of Cerro Prieto.

Unfortunately the Salton Sea resource has ten times the dissolved salts

of Cerro Prieto. Hence, the techniques that you are using at Cerro Prieto
cannot be used at Salton Sea. Nevertheless, we believe that research

will find ways of'utilizing such water and improving the efficiency of
generation. ’Internationa]tc00peration in the development of geothermal
resources has already started. Our Laboratory hosted a meeting last
Dctober attended by representatives from e1even countries, including Mexico.
The conferénce included a field trip to Cerro Prieto. As this international
research effort makes progress, the world should see dramatic increases in

geothermal energy utilization in the coming years.

Turning now to the Soviet Union, we find crude oil production rising
dramat1ca11y, as shown in Slide 14, In 1970 the USSR was producing about
350 M metric tons against an est1mated reserves of nearly 500 M metric tons,
for a product1on -to-reserves ratio of about 14. The Soviets exported '
about 25 percent of ‘their o1l proddction. The dollar va]ue of their:
exports is g1ven in Slide 15. In 1971 about $700 million worth went to

'western countries’ and $1°billion to the Eastern European ‘countries . ‘The
,Sov1et Union. has d1ff1cu1t selling manufactured goods 1n Western countrles,

S0 she has decided to se1] raw mater1als-v 011, gas and m1nera] resources
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Apparently, these sales are being made to Western countries to earn hard
curriencies for machine goods and other capital items. In a sense then,
the Soviet Union is.a competitor of the Arab countries. Clearly, the
dramatic increase in world-wide prices will benefit the Soviet Union.
The p]anned'eXpansion‘of oil and gas production will come from Siberia.
A great deal of technology is needed to deVe]op these fields and, of
course, they will come in at a significantly higher cost than production
from European Russia. | ' | |

Let us now turn to the United States. United States' energy flow is
shown in Slide 16. The sources of energy are given at the left: petroleum,
coal and gas. The width of the Tines is proportional to the energy that
flows. The units are 10'° BTU. 10'° BTU is equivalent to 171 million
barrels of o0il, 41 million tons of coal and a trillion cubic feet of gas.
The uses of energy are shown in the middle of the chart. Residential and
commercial usage is primarily for space heating. IndUStrial usage is for
space and process heating. The non-energy uses are for petrochemicals,
plastics and fertilizers. Fina11y, the chart shows the useful and rejected
energy and is, in a sense, a measure of effiéiénéy of@enérgy utilization.
The imported energy in 1971 shows a total of 7.5 units in oil and 1.0 unit
in gas. Imports were thus a smallvfraction'of our energy usage in 1970;
since then that fraction has;approximately doubled. It is significant
that we are major users of petroleum, coal, and gas becéuse this gives
us flexibility to change from one to another, as the situation warrants.
Transportation, however, is vulnerable because it depends exclusively on |
petroleum. : . |

‘ "’There,are;sevéﬁal projections of U.S. supply and demand; one set is

shown in Slide 17. TheISUppIy projection includes increased production
from conventional recovery of oil, gas and coal. _The'dué]eak reactor will
become an equally important‘cohtributo% in the years_ahead. Even with
increasing supplies, the projected total demand indicates a growing gap,

- ,here[]abé]ed‘impoﬁts; which has increasingly con;ekhéd the U.S. "Thus
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one can see that new technology is needed to increase our supply and to
reduce demand. In our view, a vigorous research and deuelopment program
could reduce the need for imports - as shown on the chart. In the mean-
time, with the partial embargo of Middle East o0il, other measures have

to be taken, and one important measure is conservation,t.The United States
has not been conservation conscious during the last 20 years. We now

find that, under the embergo, more efficient management can reduce

industrial energy consumption 10 percent without affecting productivity.

That also seems to be true in homes and in transportation. It is, of
course, not completely clear how the crisis will be weathered in the
United States, but I am optimistic that, with conservation, there will
not be major disruption of the economy. |

The U.S. fossil energy resources are shown in Slide 18, The first
column is the present situation with our current technb]dgy, current
prices ($4.00 a barrel for oil at the time the chart was made) and proved
recoverable resources. The present fossil fuel reserves amount to
6,800 x 10]5 Btu ('|0]5 Btu), principelly becouse of the large coal reserves,
The 1970 usage was 71 x 10'° Btu and so the reserve-to-production ratio is
about 100. | o | EEERE

Prices are going up and so we show in the next column domestic oil
at $5.00 a barrel, which permits the offshore fields to be developed.
Also included are the undiscovered resources.'name1y~those which have not
yet been drilled. 'These{are expected to come in as deeper offshore prospects
are explored. If new techno]ogy 1s added then additional resources are

: .anticipated‘at these higher pr1ces " The new techno]ogles -should approx1mate1y

double reserves; the United States w111 have fossil fuel until at least the

_m1dd1e of the next century.

These new resourses are primar11y coa] and oil” sha1e. Since‘these are

) so]1ds ‘there.is much concern about whether the Un1ted States will do the under-

ground and open- p1t mining required to recover the resources. ‘The mine dumps

‘and safety problems associated with m1n1ng make conventional recovery of these
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resources unattractive. One of the newer technlques proposed for recovery
of the resources is what we call the in situ resource recovery method.

Slide 19 shows that recovery concept for coal. In the western part of the
United States there are thick, deep coal beds at depths of 300 to 800 meters.
We envision drilling a series of holes, loading chemical exp1051ves in those

~ holes, and fracturing the coal. Oxygen and water are pumped down the holes
~and the coal is burned in place to produce methane, carbon monoxide and

hydrogen. In essence then, the coal is gasified in place. The methane

is, of course, pipeline-quality gas. The carbon monoxide and hydrogen can
either be made into methane or can be made into methanol (a liquid) and

used as a transportation fuel. In situ recovery is only in the research and
development stage, but we feel that it is the technology of the future for
recovery of the energy from coal and oil shale. Mining is avoided and
because the earth itself is used as the retort vessel, in situ processes
ought to be about half the cost of other methods.

Moving on to non-fossil energy resources, Slide 20 shows that the
present uranium situation is limited, but that a 30 _percent increase in
the price of electricity would permit tapp1ng large amounts of additional
uran1um ore. In addition to the uranium, the new: technology of the high

: temperature gas gooled reactor (HTGR) would permit thorium to be used as

a fuel. Also, the geothermal development w111 add sizable reserves. The -
U.S. is indeed fortunate in having abundant resources.

Next, let us turn to a consideration of the European situation. The

- energy. flow diagram. is shown in Slide 21 for the or1g1na1 six nations in

the Common Market.- Coa] 1is produced W1th1n the Common Market but the

‘ major source. of energy is imported 011 011 is bas1c to 1ndustry and to

res1dent1a1 home’ heat1ng

S]1de 22 shows that in ]960 60 percent of the energy requirement in

._western Europe as.a who1e,camerfrom coal, w1th only 33_percent from oil,
By 1970, 60 percent was 1in oil and 30 percent was in'coal. Western Europe
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built her economy on the cheap Middle Eastern oil costing her about
$2.00 a barrel. With the enormous price rises in 0i1($8.00 a barrel
and up) a major change in the European economy will take place; the

proaect1ons shown here for 1980 will never happen.

- The situation by country is shown in Slide 23. West Germany and
the United Kingdom are the largest consumers, importing about 45 percent
of their energy, the rest be1ng primarily from coal. The North Sea is -
growing in importance and is a more important producer of 0il than the

~ U.S. Gulf Coast. Almost all the oil found so far lies in the British

and Norwegian sectors of the North Sea. Hence, by 1980 those countries
should be self-sufficient in oil, and in fact, could become 0i1 exporting
countries. France;and Italy, the two next largest users are critically
dependent on imported oil, The Netherlands is the lowesthimporter of

all the European countries principally because of her gas field, and

will be less affected by dramatic price increases. The principal option
open to the Europeans is a return to coal. A 400 percent increase'in

011 price allows greater pay for miners, better working conditions, and

the working of lower grade depos1ts. Aga'in, I would encourage the

Europeans to consider in situ recovery of ‘coal because it causes less

environmental damage and it costs less. It would however, have to be
specialized to matchethe,nature of the European coa]sbeds Europe of
course has good reactor technoIogy. Because the breeder reactor is less
dependent on the fue1 supply, it is particulariy attractive. Consequently,
it 1s no surpr1se to find that the Unrted K1ngdom, France and West Germany.

Call have strong breeder reactor programs. The Un1ted K1ngdom the

Nether]ands and France have 0il technology and of course, part1c1pate
in. wor1d~w1de explorat1on The recent enormous oil pr1ce increases
shou1d stimu]ate JOlnt exploratton ventures w1th the 1ess-developed

vnattons of the world. The Europeans have the techno1ogy, the cap1ta1
' and the mot1vation to respond o - :
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The Japanese arezin the most critical situation. Slide 25 shows the
Japanese.energy flow, and essentially all of their energy is imported.
Imported coal is needed by their steel industry and petroleum provides

the remainder of the energy. Note how large the non-energy use is in
‘their economy. Very little energy goes for discretionary transportation,

and thus cutbacks directly effect their industrial strength.

The‘history'of’enekgy utilization in Japan is shown in Slide 26. In
1960, 55 percent of the energy was coal and 36 percent 0il. By 1970 coal
had increased in absolute terms, but only 23 percent of the'energy was
from coal, while 0il provided 72 percent. -Clearly, with the international
01l price of $8.00 or more, the projected 1980 usage of o0il will not come
to pass. ‘

Japan has an additional problem shown in Slide 27 A tanker leaves
the Middle East every 15 minutes for Japan. The usual route is through
the Straits of Malacca. Japan wanted to widen and deepen the Straits.

Indonesia and Malaysia said no, declaring them territorial waters subject

to closure at any time. In fact any of the straits thrbugh the Indonesian
Archipelagos could be closed at any time, although theeIhdonesians said

they had no intention of effecting such closures. Thefefore, Japan has

two problems. Japan has both an insecure supply and a vulnerable supply route.

Japan recognized the vulnerability of imported 0il in 1967 and
developed a p]an to al]ev1ate the situation. An oil tariff was enacted
to provide funds to Japanese companies to carry out the activ1t1es shown
on the chart. By and large this effort has fa11ed The 011 exploratlon
effort, in particu!ar, failed, perhaps because Japan d1d -not have the
needed techno]ogy Now, by national pol1cy, she is teaming up with

,Western 0i1 companies to obtain the needed 0i1 exp]oration techno]ogy
To her chagrln ‘Japan has found that her refineries’ in Saud1a Arabia did -

not protect her against cutbacks in qi] The Vpipe11ne with the Soviet
Union is still under negotiation. The United States is selling.liquefied
natural gas from Alaska but the Canad1ans have said they want to finance
a billion dollar tar sands project through Canadian sources before
considering the proposed Japanese project.
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Western Pacific Basin energy resources are shown in Slide 29. That

~area of the world has not.been well explored and it would seem that

Japanese capital teamed with European or U.S. technology could find
significant new resources.

By way of summary, Slide 30 shows that the Soviet Union and the
United States can easily take care of their own energy needs. They

" have not bui]t their economies on Arab 0i1. The Soviet Union has extensive

0il and gas reserves and may want to become an exporter of 0il. They do-
not need western technology for development.

The U.S. has extenSive fossil fuel reserves, but needs to develop
techno]ogy for coal and shale. If this is done the U.S. could become
an exporter of energy, or-it may prefer limiting productlon to lessen
the impact on the enviornment caused by mining.

Western Europe is 1n a cr1t1ca1 situation w1th the price of oil up
by a factor of four. The Europeans could develop their coal and should,
I think, deve]op in s1tu ‘methods for recovering the coal. They will
also probably participate 1n world-wide efforts to deve]op additional
0il resources. Reactors, part1cular1y,breeder reactors, are promising

" for Europe.

Japan is in the most critﬁcel'situation. ‘Her economy will clearly
suffer a setback from increased oil-prices. ".In one sense history seems

to be repeating itself inJJapan'quuest for-resourceSJfrom’outsideeher

island. Now,'however,'she has’the capital: for development, although-
much of that capital needs to be. used 1nterna11y in improving living

~ conditions. The utlimate answer for Japan may be Herman Kahn's idea of

a trade area. This system would provide a11 nations in the area a share

in a. secure system of ‘economic growth

0vera11 the sever1ty of the pr1ce increase of 011 is not yet clear,‘
but in my Judgment at least a sIowdown in the genera] world economy will
occur, ‘
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" The Oil Import Question by the Cabinet Task Force on Oil import Control, -

" Febrftary 1973, page 273.
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~ TYPICAL COST — MIDDLE EAST CRUDE
1955-1970, Per Barrel
~ Direct cost for producﬁdn $ .08
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~ Royalty | | .23 |
Tax 70
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 Posted price Middle East crude $1.80 1.80
o .Transportatlon to U.S. | | _45
e -""'Dellvered cost Middie East crude o $2’.»25 N
- Us. produced oil price $3.25
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~ MIDDLE EAST EXPORTS BY DESTINATION 1960 & 1970

~Japan

Other E. Hemisphere

e L ? W. Europe

L] L] L]
[N X *
N TY RGO

9

W. Hemisphere

1960 . 1970

Issawi, C., *'Oil, The Middle East & The World,” Washington Papers, 1972,
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3 »:ff;Oil& Gas Jouma! October 29, 1973.

" Petroleum Press Servics, from the Washington Papers, volume, “Oil,
- The Middle East snd the World,” by Charles Issawi. |

"

OPEC coumav RECEIPTS
(Total Dollars in Milliom) |
Country 1970 1971 1972 1973
 Kuwait 897 1,400 1,657 - 2,130
}_’Saud. Arabis - 1,200 2,149 3,07 4915
U lran Sae 1,076 1,944 2380 3,885 -
lraq L 513 840 575 1,865
"Abu Dhabi 231 431 551 1,035
. Qatar 122 198 255 360
Other Mideast 150 193 233
" Total Midust 4,189 7,154 8,747 13,790
Libya 1,295 1,766 1598 2,210
 Algeria o - 35 700 1,095
. Nigeria . - 915 1,174 1,950
~~ 'Venezwela .~ . = 1,702 1,948 2,800
| Total Recctpt | - 11,887 = 14,167 21,845




~ OPEC COUNTRIES FOREIGN EXCHANGE RESERVES
~ Millions of doltars

'-.‘fjf‘:Country 6/71 ‘;6/72"6/73 ,7/73

8/ 73

9/ 73

»._V'r'A..f-'-"Kuwalt e 110 265 4aa1 515
 Saudia Arabla 793 1777 2965 3505

T _.¢»180_ 633 931 941

" draq - 263 505 998 913
AbuDhabi o - = - -
g iantar = == —

413

4200

880
928

727
1000

© Total Mideast 1346 3180 5335 5874
,._lfL.bya.- . 2239 3049 2607 2512

. Algeria 200 150 156 222

© Venezuela 617 831 1116 1098
»3-5;'_;__.,,,dones.a . 102 313 701 720

6421
2369
256

1038

770

2324
303
911

. Total 4504 7523 9915 10426 10863

. *.‘f.,lntarn‘ationél Fihancial Statistii:s,r Vol. XXVI, No. 11, International Monetary Fund.

422
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'WORLD OIL SUPPLY AND DEMAND 1970

Q,Censumpﬁon
Production /o :

Western Europe i USSR etc.

"'-]Mlddle East

4 "‘South Asua
. Q South East Asia

West
Afnca

; outh America : *E. ‘&-’»S‘..Africa ' N

Australasia

Source: Issawi, C., “Oil, The Middle East & The World,” Washington Papers, 1972,

N
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" CONSUMPTION — PRODUCTION — MEXICO 1970

. (Millions metric tons coal equivalent)

S ; consumPﬂO“

| Donieétic
- production

Iimports

Exports |

ool

C@? =

= _Hydto/nuclea'r«’- i

"'-Source Umted Natlons World Energy Supplles 1961 1970 SenesJ No 15 |

TOTAL

362
220

20
19

621

362
23.1
16
1.9

62. 8

1.6

N




. ENERGY RESOURCES — MEXICO — 1970

.. {Millions metric tons coal equivalent)

s Domestie:prod.

Reserves/production

ol 1972 551
‘Gas 971 '395'_71

: lnferred 3284

TOTAL 128

371
231
16

61.8 |

155

o 16.6
Proven: 121
Inferred: 2300

e _sburce's:"’f 1\; DeGolyer & MacNaughton Twentlety Century Petroleum Statlstics, 1973.
2. UN.Sutistical Yearbook, 1972, .

12
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SOVIET OIL INDUSTRY _ ] o
- 800 —p———r————r———T——T— 17— 10,000

400 8,000

300~ 6,000

| reserves 10% tons

200} 4,000

0

2,000

0l production and export 108 metric tons

o —— S R RN NI N T SR
1960 62 64 66 68 70 72 24
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SOVIET EXPORTS OF CRUDE OIL AND PETROLEUM PRODUCTS

20

151

" Total exports

-~ Exports to deveioped western countrie/

 United States $ — billions =~

o L 1 | 1 !
1966 1967 - 1968 1969 1970 1971




: . - v ~ .
L : : . . * (
} s .

ENERGY FLOW PATTERNS IN THE U.S.A-1970 = o .

Total Consumption = 67.5 X 105 BTU

Hydroelectric -85 7y gg,'g%’ti,%‘n , . Conversion fosses .3 Rejected
Nuclear 24~ 147 ‘ energy -
Nuclear *~ f ' ' 3.2 30.5

T T T T A AR Tp s T T Residential'&
5 .::' oy s ’;- X P ..-' RN Ve 08 it -'_:!,;lcoq';n‘?er(:la'

‘sa] Industrial 3 Useful
avid 9.9 energy
-7 Nonenergy .
phyd . 4

.7

Tl’Et!?asticm '
=] pow.,s .

Note: All values X 105 Btu (2.12 X 10'® Btu = 10° bbl/day oil)

16




Energy (10'5 BTU)

- u.s. ENERGY SUPPLY AND DEMAND

’NPC Case 1 Progectton |

120
wol

| T 1
demand

- supply

‘60",-==“'

cm— _ - Coal

40

Gas

oil

"! - - J ' 4 Hydro

- New technology — 4\ Reduced

Increased

1

[l ]_l_l

L

]

L.

1975 1980 1985

17




. Total fossil fuels

- sAbout 0.50/MCF (gas’);"sd.oombl (oil); 10 mills/KWHe

. BUp t6 1.00/MCF (gas); $5.00/bbt (oil); 12 mills/KWHe

12,400

- UNlTEDSTATES FOSSIL ENERGY RESOURCES ]
U.S. energy use in 1970 = 71X 10'° BTU. "
: Present = Increase Increase
‘Current technology | Current technology New technology
Current prices® Higher prices® Higher prices® ,
‘ ; Proved recoverable ‘Includes undis- includes undis- - Approximate -
- Resources. © - _ resources ‘ _covered resources covered resources Total
~coal 6,200 - 9,300 15,500
Petroleum & natural o
. gas liquids ' 300 2,600 290 3,200
il shale . - - 1,900 1,900
_Naturat gas v 290 2,100 500 2,900
' Heavy oils & tar sands N.E. _N.E. 420 42
- 6800

23,900

18




Water plant

e

.

L
.

x\

o

6384A

GLC-7210-




B .UNlTED STATES NON FOSSIL ENERGY RESOURCES (L]
- us energy use in 1970 7 X 1015 BTU
Present - blncreésév o Increase
Current technology | Current te;:hndlogy New technology
Current prices®. Higher prices? Higher prices®
ERE Proved recoverable Includes undis- Includes undis- Approximate
Resource - resources.. .. . | - - covered resources covered resources Total
- Uranium 150 5700 - 5,900
.~ Thorium S - 9,600 9,600
‘Geothermal | . 10 . . 7 500 - 5,000 500 - 5,000
-~ Solar (Southwestern U.S.) = ~0.5 kw/m? '

*About $8/1b U,0,, 10 mills/kwhr.

- ®Up to $50/1b U, 0,, 13 mills/kwhr.

20




— - = Export &

: E' storage
y 3.17

‘ js zz :

o

( - -

COMMON MARKET ENERGY FLOW—1970

Total Internal Cdnst:mption 20.06 X 10'5 BTU (6 of Original)

Electrical

Nuclear o.0s generation 4.2,

Conversion losses 2 48 Rejected energy ¢ o7

3
(
: . .28
Hydroelectric 2
& geothermal 1.91
0.40 ’
0.34 : :
Domestic
Naastural : (residential
g _ & commercial)
2.09 0.02 -8.82
ﬁtg):: tgl 2.569
Lo 4.82 1.28 I Industrial Useful energy
- 7.88
fmpors 5032 - 5.09
0.80 Eﬁgort Nonenergy uses .89
Petroleum . 147
0. 48
3.49 Transportation
1.30 2.8 2.681

Note all units 10'® Btu (2.12 X 10'5 Btu = 108 bbl/day oil

Note: Original data converted
to BTU's assuming
1 ton coal = 25 X 10 BTU

(Ref: Energy Policy Division, Commission DES Communates Europeenes)

21
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PRIMARY ENERGY’REQUIREMENTSIN OECD EUROPE (1960 to 198b)

2000

L)

1 Coal

1500

quivalent

1000

Million tons oil e

500

£
5
=
- A '
5

‘ 960 1965 1970 1980
‘OIL The Present Situation and Future Prospects,
A Report by the OECD Qil Committee, Paris, 1973.

*
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OECD EUROPEAN AREA ENERGY SITUATION — 1970

-Million metric tons coal equuvalent

o = “Total energy Total energy ~ Percentage
- Country consumed - produced " imported
~ W.Germany 3174 1743 450

“United ngdom 299.1 163.7 45.3
France . ~193.0 59.3 69.3
Italy : 1441 26.4 j 81.7
Netherlands 66.2 | 49.0 26.0
Belgium-Luxemburg - 59.6 11.6 80.6
Sweden . - 50.7 5.2 89.7
Spain’ . 499 16.0 68.0
Denmark 28.8 - 99.9
Austria " 253 10.7 ~ 58.0
Switzerland - 214 3.9 - 814
Finland 19.6 1.2 - 94.0
Norway 187 7.6 . 59,2
. Greece 3 1.2 29 744

© lreland 8.8 2.5 . 718

- Portugal | 6.6 | 1.0 85.0
lceland 9 2 79.1

U.N. Statistical Yearbook 1972




OECD EUROPEAN AREA COAL SITUATION
. Million metric tons

| L | - Production
- Country | Coal reserves 1961 1970 % of total
. W. Germany 132,000 1740 1442 = 455
- United Kingdon 15500 1935  144.6 48.3
~ France 2,830 541 39.0 20.2
oy , 524 15 1.0 69
- Netherlands , 2,394 - 12.6 4.3 6.5
Belgium-Luxemburg 1,796 215 11.4 19.0
Sweden | 920 2 - -
Spain. - » 3,610 148 122 244
Denmark . | 50 8 - -
~ Austria | 146 2.9 1.8 7.2
Swutzerland - - - -
. Finland | ST - - -
 Norway S 1.6 a4 5 2.5
Greece . 15675 - .8 25 = 226
- lreland: = 48 2.2 2.4 27.0
~ Portugal | 52 5 3 4.1
Iceland - - - -

- _U.N. Statistical Papers, Series J, No. 15, World Energy Supplies.
U.N. Statistical Yearbook — 1972,
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; "JAPANESE ENERGY FLOW—1970 [C
Total consumptlon =135 X 10"’ Btu
. . Electrical _ o | _ }
Nuclea_r oosé - generationsess . . Conversion losses 1008 Rejected energy a7

g 0.245
: 0.031 :

Hydroelectﬂc ;

ore. :

LNG & natural gas // Residential &

0.003 - e | IR S - 0,024\, commercial 1655
im orts ~ v
fo 5 !l 0.082 —_ 0032 /
‘ ' om ‘ ;' | : “
» Coalozza : 0B - \ lndustnal 5.494
B ’ . 7.7 Irt—.{ ,""”I"”' 160825 7 X
;",gf .', o oo w \ <& Nonenergy
-~ Ha S ’ \ uses 3.oaz
retroleumeory .o Transportation
— —{importssass

Note all values 10'% Btu (2.12 X 10'5 Btu = 10° bbl/day oil
(Ref: National Research Institute; Tokyo, Japan)

-«

1.042

Useful energy 8.709

\-v

0. 341

XSRS
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- PRIMARY ENERGY REQUIREMENTS IN JAPAN (1960 to 1980)

700

600 |-

500 |-

400

300 - Total

~ Millions tons oil equivalent

200 |
100 §
. =
o -
=1 B f:‘::’;s.i k X 34
5 I W S
1960 1965 1970 1980

OlL The Present Situation and Future Prospects,
A Report by the OECD Qil Committee, Paris, 1973.

-
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OIL SUPPLY ROUTES TO JAPAN
. Kharg
- plsland
» K X Karachi
N Calcutta g/ \
Rangoon ' “
g% .
6' A

Bombay /

9 Kra> ,ﬂﬁ,

\\\\
-~ w

R 4 ~ Strait of “'x-
N ~ Malacca
' Strait of  cqon
- Strait of
Sunda | ombok

Cape of Good Hopd

S )
-"' % Smgapore
;Borneo ? .,
.-‘ Q-\ . B
New Gumea
. [} »
o
a

Australia

()

New Zeaiand .

“Preliminary Survey Report — Kra Canal Complex,
TAMS & RRNA September 1, 1973.
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JAPANESE NATIONAL PROGRAM FOR OIL

in 1967 Japan adopted a ten-year plan to obtain 30% of oil needs
: through Japnese compames

: Estabhshed an "Oil Development Corporatlon
Revenue from a tanff on oil imports.
- Now have 25 projects
1. Oil Exploration
SR Near Japan ,
South China Sea
- Sumatra
Indoneasia
- Thailand
Australia
2. °Refining .
- , Financed one refinery in Saudi Arabia
~ 3. Pipeline
e Negotiate with USSR for plpelme
4, quuef!ed natural gas
Contract for gas from Alaska

5. Tar Sands
Want to negotiate for Canadian tar sands

M, Sakisaka, “Energy Domond, Resources, and the Environment — Prospects for the
Japaness Economy”’
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WESTERN PACIFIC BASIN ENERGY RESOURCES
| ~Million metric tons

B . Coal | | ol |
© Country.  Reserves 1971 production Reserves 1971 production
4 China . 1,011,700 - 390 (est.) - |
. Australia 111,600 683 . 241 - 119
~ Japan 20981 . 336 = 3 . 8
- Indonesia . 285 2 1,459 - 438
New Zealand 1216 21 4 A
- South Korea 1,190 128 - =
N Vietam 1000 0 - _ _
S. Vietnam. . . |
"Burma . 286 = -~ 5 8
~ Thailand ’ 235 . 4 - -
- Philippines . 88 - | - -
Malaysia - - 110 33
- Cambodia . - = - =
‘Taiwan = - - =

- ™970

U.N, Statistical Yearbook — 1972
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SUMMARY OF POSITIONS — 1971 - e NCH

(Energy figtires in million metric tons of coal équiVaIent)

SR B Energy Apo}sition Builtecondmy

Area .~ . Consumption % of World % Imported  on Arab oil Reserves
SovietUnion 11122 183  -124 no  Oil&gas

. UnitedStates 23276 321 128 no Coal &
| SO I e - oil shale

 WestermEurope 13845 19.1 57.8 yes Coal

Japan - 3419 47 855 ~ yes  None'
Total 51662 712

World 'Consumption: 17259.8
* Reserves are listed but exploitation not considered credible by Japanese.
Source: Energy Statistics Only — U.N. Statistical Yearbook — 1972

30




\Esj : - Distribution List:
G. Werth (65)

Oak Ridge National Lab (2)

<R TID (5)

NOTICE

-~ . : . v *“This report was prepared as an account of work sponsored by
. .. the United States Government. Neither the United States nor
= : ) T - . the United States Atomic Energy Commission, nor any of their

employees, nor any of their contractors, subcontractors, or their
“ . employees, makes any warranty, express or implied, or assumes
1 . any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, appuratus, product or process. .
disclosed, or represents that its use would not infringe privately-
owned rights.” E
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