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Industrial growth and quality of life in a modern
socicty depend upon human-. energy, and material-re-
scurces, Crude oil is an imporant non-renewable cnergy
and material resource. The supply of crude oil influen-
ces the economic, political and social fabric of nations.
In this author’s opinion, if the present industrialized
society is to become a sustainable society, it must plan
and execule a strategy for a transition to other forms
of ¢nergy and material recycling. In order to provide
the lopgest possible transition period for the develop-
ment of new energy technology and the reorientation
of social, political, and economic values, the global
producnon and consumption.of oil should be optimiz-
ed. Various strategies for the production apd con-
sumption of oil are suggested in relation 1o the social,
cconcmic. and political {tamework of (he U.S. . This
mvaelves critical decisions for people,  Government,
media, industry, and  educational institutions.

the fact that average oil recovery from petrolem
rescrvorrs is about 339 necessitates greater emphasis
beine placed on enhanced oil recovery technology. Al-
the ach other forms of energy such as coal, nuclear,
sl scothermal. ete, will play a role in extending
thie transition period. the author has emphasized the
petential of enhanced oil recovery _processes to increase
the total yield from petroleum reservoirs.  In view of
ceonomic, environmental, and technological limitations
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associated with the development of other forms  of
cnergy. the enhanced oil recovery provesses offer the
most promising approach for meeting the oil needs
of the world in the coming decades. The prioritits
for various uses of oil must be defined for conserva-
tion.

Based on the author’s involvement in this area
over the past decade, a blue-print is offered for the
optimum production and consumption of oil including
desired changes in the Government cenergy policy.
rescarch and dcvelopment  planning, management
philosophy, and the attitude of people towards energy
and material resources.

AREAS TO BE EXPLORED AND DATA 10 BE
UTHAZED

Energy ‘Copsuaption_and Standard, of diving

Figure 1| shows per capita enesgy consumption sin
the U.S. and the world. In general, energy consump-
tion is proportional to the standard of living. How-
ever, there arc exceptions. Some countries consume
more cnergy than others for the same standard of
living.

U.S. Encrgy Sources and Energy Uses:

Figure 2 shows U.S. energy sources as of 1973

The majir change that has taken place is that in 1973,

imported oil constituted 28%¢ of the total amount of
oil used in the US.; whereas, in 1978, about 509
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HYDRO » NUCLEAR of the total oil consumed was imported. Figure 3
« GEOTHERMAL  shows U.S. encrgy uses. It is obvious that oil provides
3% a major znergy need of our sociely. This raises the
question of world and domestic supply of crude oil.

0Hf Production, Comsumption, and Reserves
of the World and the U.S.:

Analysis and critical review of data reported in
literature show that the annual production rate of

NATURAL
GAS

32%

crude oil in the world is about 22 biflion barrels (bbi).
This corresponds to about 60 million bbl per day
world production. The world consumption of oil is
about 54 million bbl/day. ‘The recent shutdown of

PORTED . =Sl e A !
a 8;?_ oil production in Iran wiped out this surplus.

The annual consumption of crude oil is about 7
billion barrels in the U.S. corresponding to aboul 20
million bbl/day. Thus, the U.S. having 6°¢ of the
world population, consumes 33% of the world's oil
U.S. ENERGY SOURCES production. About 50% of its crude oil is imported.

1973 With the current OPEC price. the cost of imported oil
Figure % is about 145 million dollars per day.
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Figure 4 shows the oil reserves and production in
various parts of the world. The world oil reserve as
of January 1, 1978 is cstimated to be 641.6 billior
barrels. At the present rate of world consumption,
this reserve would last only 29 years. The US. oil
reserve as of January I, 1978 is estimated to be 28.5
billion barrels. With its annual consumption of 7
bitlion barrels. this would be equivalent to four years
supply.

 Three basic questions regarding the oil outiook
for the coming decades must be asked:

* At what rate will oil consumption by the world

and the U.S. increase or decrease?

What increase in oil reserves might occur due to
new oil field discoveries?

What increase in reserves could occur due to
employment of enhanced oil recovery technology?

With the present world situation and the current
State of science and technology, it does noy appear
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that the demand for oil will decrease in the coming
years. Future discoveries of oil will most likely occur
in hostile environments (e.g. greater ocean depths)
The cost of production and transpostation of this oil
will be much higher. A more promising approach s
1y improve the total yield from a reservoir (average
oil recovery with current production technology being
33%¢). The tertiary oil recovery processes aind their
future development can  increase the average oil re-
covery from 33% to 607/, almost doubling the ouput
of oil.

Successful employment of tertiary oil recovery
processes is, however, not strictly a technological pro-
blem. but involves politics, pricing, and public vpinion,
as well as geopolitical conditions. igure 5 illustrates
the US. crude oil "barrel” as of January., 1974, indi-
cating the enhanced oil recovery potential.

A Strategy for Enshanced Oil Recovery from
Reservoirs : 7

In general, people are not  well-informed about
the production aspects of oill.  Figure 6 schematically
shows a 3-dimenswonal view of g petroleum reservolr.
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Qil. pas, and bripe are found (o coexist in the poies
between  sand  particles and  muinerals,  Oil flows
through sandstone or limestone rocks.  Such oil-bear-
ing senes could be 10 to 100 feet thick and coud bhe
lovied several thousand feet below the ground. The
muduction of vil can be divided into three stages:
primary, sccondary, and tertiary. In primary produc-
thon, the oil is pushed out by natural pressure of
entrapped gas within the reservoir, When oil produc-
tion declines, water is injected  into the reservoir (o
push oil toward production  wells.  This constitutes
secondany recovery . When no ol comes out at the
end of the secondary stage, tertiary techniques can be
cmployed to recoves additional oil.

For secondary and tertiary oil recovery processes
the five-spot pattern of wells can be used Water or
suifactant solwiion is injecied in the central well, and
the oil is pushed toward the production wells (Figure
6Y. The author has shown by labaratory experiments

DISPLACEMENT OF OIL IN FETROLEUM RESERVORS
BY WATER OR CHEMICAL. FLOODING (FIVE -SPOT PATTERN)

that 1A mare oil can be recovered by injecting walter
containing i specific salt concentration (depending up-
on the crude oail).

For tertiary  oil recovery  there are two major
groups ol processes:  thermal processes and chemi-
cal Hooding  processes.  The author  has shown by
fuboratery experiments that almost 954
sandstone if the
stapes.  The ol

of total il
can he gecevered from PrOCess s
anplied at earlier yield of ol is
greater if the tertiary process is applied immediately
after primary production, bypassing secondary stage.

Policy Decisions by Government and Industry :
*  The pap beiween the price of domestic and im-
ported oil is questionable and controversiat.  Fhe
price of vl should be suck that it discourages
waste, but still provides for the basic nceds of
vitizens,

Qil companies speni $ 14 billion in 1976 Tor ex-
ploration and production of vil. Governmeot and
finuncial analysts estimate that the companics
should spend $ 20-26 billiun/year for cxploration
and production of «il through  the caily 19807,
Goevernment mast provide  greater incentives for
increased exploration.  production and enbanced
vif recovery technology.

the successful application ol tertiary il recovery
precesses 1s not only a techaotogical  problem,
but alse involves Government oil policy, regula-
tory control, and oil industry’s management philo-
srhy. '

Qil production s a complex, high-risk  husiness.
requiting large capital investment.  Technologi-
colly, it embraces various disciplines.  However,
ceoncmics is of paramount importance.  Reason-
able profit is a prerequisite to any busin:ss. Never-
thdless. the oil industry must not be aflowed 10
invest ity profits in acquiring other industrics not
related 1o energy production. Emphasis on tech-
nological innovation must continue for other pro-
vesses o produce oil such as synthetic crude from
ceal. shale oil. or vegetatiow.

I'he exploration and production of oi! brings into
feeus the importance of academic institutions as
the breeding ground of new knewledge. Much
more fesearch involvement by academic institu-
tions in this area should be supported by Govera-
ment and industry. This will also shorten the lag
lime for transferring research into application.

I'he management must implement a policy of
maximizing oil output from a reservoir by apply-




ing tectiary methods in place of secondary cven
if 'it requires a large investment of capital sooner.

A §i_r§tegy for Conservation of Oil

The #ask of minimizing oil consumption requires
input and cooperation of Government, media, people,
industry, and educational institutions. Governments
aitd ‘Hiedia should take leadership in fostering awarc-
ness among people about the limited supply of cncrgy
and l’ﬁaienal resources. The Government’'s energy
policy ‘thould:

* give the highest priority 10 those uses of oil which
meet basic human needs. .

*  provide economic incentives ‘o people and indus-
try for conservation of encrgy

* curb waste of cuergy by imposing economic dis-
incentives.

*  provide economic incentives to industry for deve-
lopment of alternate cnergy sources.

* reduce the funding level of newer highways in

favor of mass transit facilivies.

Other scgments of sociely can contribule signi-
ficantly toward the goal of oil conservation as follows:
*  The media should inform and educate people as
1c the national and inter mmoqal consequences of
the dwmdlm& ail supply
* TFhg Lindustry must strive fc'u"w innovation to con-
serve the energy and materinl resources.
* The auto industry must produce safer,
and more efficicnt curs 10 conserve
energy- and material-resources.

lighter.
human-.

Carcful assessment of the environmental impact
and conservation of energy and material resources
in echnological processes must be conducted.

* Educational institutions must redesign their <ur-
ficula to develop a new generation of people who
are cnergy-conscious.

* More efforis should be directzd by investigators
in academic institutions toward probleins related
to the finite energy and magerial resoyrees. -

»

.The development of new cemmunitics using bold
and innovative architectural designs.  Residential
homes. schools, parks. offices. and
areas shouid be within a five-mile radius so as to
be within bicycyling or watking distance.  These
'could be surrounded by farms and  ¢cologically
! balanced natural epvironments.  The growth of
new communities must be well-co-ordipated joint
ventures of Government. industry, aunjvmn.. insti-
tutions, and people.

industrial .
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* In view of the depleting reserves of oil and mate-
rial resources, the society must recrient its social,
economic, political, and ethical values,

RELEVANCE TO THE (JROW fH.POLICY
DEBATE

The follnwm,, are’ lhc mu;or ’
the coment of this paper.

points refevant 1o

* ndustrial growth vs. limiteu supply oi onl

* (mvunmt.m energy po1.u.y and tie o1l conserva-
tion and production” measures..

*  Corporate decisions and managcnwnl philosophy
on shori-térm profits vs. longsietin gains in total
oil yield .from reservoirs. - . :

political,

* . Reorientation. of oui social. c¢conomic.

and ethigal values. .. .
.4rr t

* Geopullical  impact of limited oil supply and

technelogical development of both developed and

developing nations.

IMPLICATIONS IN POLICY AND ACTION

The following are the major implications of this
paper far future policies and actions by various sectors
of ::Ocicly.

~Reshaping the future direction of economic, m-
.dustrial, ccmmunity planning, cdumuonal apd
v
pnhuull activities.
= Deveiopmen of eaergy and maleria)
sovictics.

CONSCIQUS

Emergence of new  management philosuphy  with
emphasis on optimization of cnergy and maierial
FENOMFCeS,

*  Estublishment of interaational institutions, e.g.,
an international oil bank similar 10 World Bank
to provide short-term loans of oil o pations under
emergency situations in the framework of foirmess
and human growth.

* Maximization of the transition period for develop.
ment of other sonrces of ciaergy and a shoft from
oit-hased technology.

L]

Reevaluation of sociai, ceonomic, political  and
cthicni valves.  What may be considered o neces-
sity by an individual, a society. or a country mav
be Jooked ypon as a luxury by another  in our
disparate and imperfect - world. -
¥ lmplemmluuon of stragegies outlined in'this p.meé
woilld contribute gwaed wn orderly transition of
Aife-siyle. putineal, ecpnomic. and social  values
without trapma of dnmum o interaational  in-
~mhvh|y
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