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Industria l g row th and  quality  of life in a  m odern  
society depend upon hum an-, energy, and m ateria l-re- 
sourees. C rude oil is an  im portan t non-renew able energy 
and m ateria l resource. T he supply of crude oil influen­
ces the econom ic, political and  social fabric o f nations. 
In this au th o r 's  op in ion , if the present industrialized 
society is to becom e a sustainab le  society, it m ust plan 
and execute a  strategy for a transition  to  o th er form s 
of energy and m aterial recycling. In  o rder to  provide 
the longest possible transition  period for the develop­
ment of new energy technology and  the reorientation  
o f social, political, and econom ic values, the global 
production and  consum ption,<of oil should be op tim iz­
ed. V arious strategies for the p roduction  and  con­
sum ption o f oil are suggested in relation  to  the social, 
economic, and political fram ew ork o f th e  U.S. T h is 
inv o kes  critical decisions for people, G overnm ent, 
media, industry , and  educational institu tions.

I lie fact that average oil recovery from  petrolem  
reservoirs is about 33% necessitates greater em phasis 
h e m  ■ placed on  enhanced oil recovery technology. A l­
i k  ig h  other forms of energy such as coal, nuclear, 
o ! r. colhe(rjiial. etc , will p lay a role in ex tend ing  
this transition period, the au th o r has em phasized the 
potential of enhanced  oil recovery processes to increase 
the total yield from petroleum  reservoirs. In view of 
economic, environm ental, and  technological lim itations

associated  w ith the developm ent of o th er form s of 
energy, the enhanced oil recovery processes offer the 
m ost prom ising approach  for m eeting the oil needs 
of the w orld in the com ing decades. T he priorities 
for various uses of oil m ust be defined for conserva­
tion.

Based on the au th o r 's  involvem ent in th is area 
over the past decade, a b lue-prin t is offered fo r the 
optim um  production  and consum ption  o f oil including 
desired changes in the G overnm ent energy policy, 
research and  developm ent planning, m anagem ent 
philosophy, an d  the a ttitude o f people tow ards energy 
and m aterial resources.

A R E A S  T O  BE E X P L O R E D  A N D  D A T A  T O  HE 
U T IL IZ E D

» E nergy  'I ’tw sum ptym  and S tandard , of (Living::
F igure I shows per cap ita  energy consum ption  . in 

the U.S. and  the world. In general, energy consum p­
tion is p roportional to  the standard  o f living. H ow ­
ever. there are  exceptions. Some countries consum e 
m ore energy ihan o thers for the same standard  of 
living.

U.S. Energy Sources and  Energy U se s :

F igure 2 show s U.S. energy sources as of 1973. 
T he m ajor change that has taken place is tha t in 1973, 
im ported  oil constitu ted  28% of the total am ount of 
oil used in the U .S.; w hereas, in 1978. about 50%
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of the to tal oil consum ed was im ported , fig u re  3 
show s U.S. energy uses. It is obvious lha t oil provides 
a  m ajo r energy need of o u r  society. T h is  raises the 
question  o f world and dom estic  supply o f crude oil.

(HI Production, Consumption, and Reserves 
of the World and the U .S .:

A nalysis and  critical review  of d a ta  reported  in 
lite ra tu re  show that the annual p roduction  rate o f 
crude oil in the w orld  is ab o u t 22 b illion  barrels (bbl). 
T h is  corresponds to  ab o u t 60 m illion  bb) per day 
w orld p roduction . T he w orld consum ption  of oil is 
about 54 m illion b b l/d a y . T he recent shutdow n of 
o il p roduction  in Iran  w iped o u t this surplus.

T he annual consum ption  o f c rude  oil is about 7
billion barrels in the U.S. co rrespond ing  to  abou t 20 
m illion b b l/d ay . T hus, the U.S. hav ing  6%  of the
w orld popu la tion , consum es 3 3 'i  o f the w orld 's oil
p roduction . A bou t 50%  o f its c ru d e  oil is im ported . 
W ith the cu rren t O P E C  price, the cost o f im ported  oil 
is ab o u t 145 m illion do llars per day.
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Figure 4  show s (he oil reserves and production  in 
various parts  o f the world. T he w orld oil reserve as 
of Jan u a ry  l ,  I978 is estim ated to  be 64I.6  billion 
barrels. A t the present rate o f w orld consum ption, 
th is reserve w ould last only 29 years. T he U.S. oil 
reserve as o f Jan u a ry  I, I978 is estim ated to  be 28.5 
b illion  barrels. W ith its annual consum ption of 7 
billion barre ls, this w ould be equivalent to  four years 
supply.

'T h ree  basic questions regarding the oil outlook 
for the com ing decades m ust be a s k e d :

* A t w hat ra te  will oil consum ption  by the world 
an d  the U.S. increase o r decrease?

* W hat increase in  oil reserves m ight occur due to  
new oil field discoveries?

* W hat increase in reserves could  occur due to 
em ploym ent o f enhanced oil recovery technology?

W ith the present w orld situation  and the current 
state o f science and technology, it does not appear

Figure 4

tha t the dem and for oil will decrease in the com ing 
years. F u ture discoveries of oil will m ost likely occur 
in hostile environm ents (e.g . greater ocean depths) 
T he  cost o f production  and tran spo rta tion  of this oil 
w i'l be m uch higher. A m ore prom ising ap p roach  is 
to im prove the to ta l yield from a reservoir (average 
oil recovery w ith cu rren t p roduction  technology being 
3 3 'I). T he tertiary  oil recovery processes and  their 
future developm ent can increase the average oil re ­
covery from 33%  to  6 0 'T , a lm ost doubling the ouput 
o f oil.

Successful em ploym ent o f tertiary  oil recovery 
processes is, how ever, not strictly  a technological p ro ­
blem . but involves politics, pricing, and  public opinion, 
as well as geopolitical conditions. Figure 5 illustrates 
the U.S. crude oil "b a rre l' as o f Jan u ary . I974, indi­
cating  the enhanced  oil recovery potential.

A Strategy for Enhanced Oil Recovery from 
Reservoirs :

In general, people are  not w ell-inform ed about 
the p roduction  aspects ol oil. Figure 6  schem atically 
shows a 3-dim ensional view of a petroleum  reservoir
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Oil. jias. and brine are found 10 coexist in the pores 
between sand particles and m inerals. O il flows 
through sandstone o r lim estone rocks. Such o il-bear­
ing /<.lies could  be 10 to  100 leei thick and eouid he 
located several thousand  feet below the ground. T he 
pit duel ion of oil can  be divided in to  three stages: 
p rim ary, secondary, and  teriiary. In p rim ary produc­
tion, I lie oil is pushed out by natu ral pressure of 
en trapped  gas w ithin the reservoir. W hen oil p roduc­
tion declines, w ater is injected into the reservoir to 
push oil tow ard production  wells. T h is constitu tes 
secondary recovery . W hen no oil com es out at the 
end of the secondary stage, tertiary  techniques can he 
em ployed to recover add itional oil.

F o r secondary and tertia ry  oil recovery processes 
the live-spot pattern  o f wells can  be used W ater o r 
surfactan t so lu tion  is injected in the cen tra l well, and 
the oil is pushed tow ard the production  wells (Figure 
M. I'lie au th o r has show n by laboratory  experim en ts

D I S P L A C E M E N T  O F  O IL  IN  P E T R O L E U M  R E S E R V O iR S  

BY W A T E R  O R  C H E M IC A L  F L O O D IN G  I F I V E - S P O T  P A T T E R N )

H gure A

that i n ' ,  m ore oil can  be recovered by injecting w ater 
contain ing a specific salt concentration  (depending u p ­
on the crude oil).

For tertiary oil recovery there arc  tw o m ajor 
groups ol processes: therm al processes and chem i­
cal flooding processes. T he au tho r has show n by 
laboratory  experim ents that alm ost 95',; of to tal oil 
can he lecovered from sandstone if the process is 
applied at earlie r stages.; T he total yield of oil is 
g reater if the tertiary  process is app lied  im m ediately 
a fter prim ary production , bypassing secondary stage

INdicy D ecisions by G overnm ent and  Industry  :

* The gap  betw een the price of dom estic  and  im ­
ported  oil is questionable  an d  controversial I he 
price o f oil should be such that it d iscourages 
w aste, but still provides for the basic needs of 
citizens.

* O il com panies spent $ 14 billion in 1976 for ex­
ploration  and p roduction  of oil. G overnm ent and 
financial analysts estim ate that the com panies 
should spend $ 20-26 b illio n /y ea r lo r exploration  
and  production  of oil through the early  I980"s. 
G overnm ent m ust provide g reater incentives for 
increased exp lo ra tion , production  and  enhanced 
oil recovery technology.

* I he successful app lica tion  of tertiary oil recovery
processes is not on*y a  technological problem , 
but also involves G overnm ent oil policy, regula­
tory con tro l, an d  oil industry ’s m anagem ent phi'o- 
sophy. i

* Oil production  is a com plex, high-risk business, 
requiring large cap ita l investm ent. T echnologi­
cally , it em braces various disciplines. However, 
econom ics is o f param oun t im portance. R eason­
able profit is a prerequisite  to any business. Never­
theless. the oil indm try  m ust not he allow ed to 
invest its profits in acqu iring  o ther industries not 
related to energy production . E m phasis on tech­
nological innovation m ust con tinue lo r o ther p ro ­
cesses to prixluce oil such as synthetic crude from 
ci al. shale oil. o r vegetation.

* I he ex p lo ra tio n  and p roduction  of oi! brings into 
focus the im portance of academ ic institu tions as 
the breeding ground of new know ledge. M uch 
m ore research involvem ent by academ ic institu ­
tions in this area  should be supported  by G overn­
ment and  industry. T h is will also  shorten the lag 
tim e for transferring  research  in to  application .

* I he m anagem ent m ust im plem ent a policy of 
m axim izing oil o u tp u t from  a reservoir by apply-
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ing te rtia ry  m ethods in place o f secondary  even 
i f 'i t  requ ires a  large investm ent o f cap ita l sooner.

A  S tra tegy  fo r  C onservation  o f Oil

T h e  ta s k  o f  m inim izing oil consum ption  requires 
inpu t an d  co opera tion  o f  G overnm en t, m edia, people, 
industry , and  educa tiona l institu tions. G overnm en ts 
aftti If ied ia  shou ld  ta k e  leadersh ip  in fostering  aw are­
ness ahnong people a b o u t the  lim ited supply  o f energy 
and  M ateria l resources. T he  G o v ern m en t’s energy 
policy should:

* g ive the h ighest p rio rity  |p  those uses o f o j| Which 
m eet basic h u m an  needs. , .

* p rovide econom ic  incentives to  people and  indus­
try for conservation  of energy

* cu rb  w aste o f energy  by im posing econom ic d is­
incentives.

* prov ide  econom ic incentives to  industry  fo r deve­
lopm ent o f a lte rna te  energy  sources.

* reduce the fund ing  level o f new er highw ays in 
fav o r o f  m ass transit facilities.

O th e r segm ents of society can con tribu te  signi­
ficantly tow ard  the goal of oil conservation  as follows :

* T he media, should inform  and educate people as 
to .th e  national and  in ternational consequences of 
the dw indling oil supply.

* T lie jn d u s try  m ust strive for innova.tion to con­
serve the energy and  m aterial resources.

* T he au to  industry m ust produce safer, lighter, 
and m ore efficient curs to conserve hum an-, 
energy- and  m ateria l-resourccs.

* C arefu l assessm ent o f the environm ental im pact 
and conservation  o f energy and  m aterial resources 
in icchnological processes m ust he conducted.

* E ducational institu tions m ust redesign their cu r­
ricula to  develop a new generation  of people w ho
are cnergy-conscious.

* M ore efforts should be d irected  by investigators
in academ ic institu tions tow ard problem s related
to the finite energy arid m ateria l resources. •

* T h e  developm ent o f new com m unities using bold 
and  innovative architectural designs. R esiden tia l 
hom es, schools, parks, offices, and industrial 
a reas should be w ithin a five-mile radius so us to 
be w ithin bicycyling o r w alking distance. These

/co u ld  be surrounded by farm s and geologically 
balanced natu ra l environm ents. The grow th of 
new com m unities m ust be w ell-co-ordinated joint 
ventures o f G overnm ent, industry , academ ic insti­
tu tions, and  people.

* In view of the dep leting  reserves o f oil and  m a te ­
rial resources, the society m ust reorient its  social, 
econom ic, political, and  eth ical values.

R E L E V A N C E  T O  T H E  G R O W T H  P O L IC Y  
D E B A T E

The follow ing are* the m ajor po in ts relevant to 
the content o f th :s papier.

* 'n d u stria l grow th vs. lim ited supply of oil.

* G overnm ent energy policy and  tite oil conserva­
tion and  p ro d u c tio n " m easures.

* C o rpo ra te  decisions and  m anagem ent philosophy 
on short-term  profits .vs.- I.ong-iefm gains in to tal 
oil yield .from reservoirs. ‘-

* R coricn 'u tion  o f ..our social, econom ic, political, 
and  e.lhipal values.

* G eopolitical im pact o f lim ited oil supply and 
technological developm cn! o f both developed and 
developing nations.

IM P L IC A T IO N S  IN  PO L IC Y  A N D  A C T IO N

T he following are the m ajor im plications o f this 
paper for future policies and actions by various sectors 
of society.

* .R e sh a p in g  the future direction pi econom ic, ut- 
.duslriu l. com m unity planning," educational, ^ayd
political activities.

4 D evelopm ent of energy and m ateria l conscious 
societies.

* Em ergence of new m anagem ent philosophy with 
em phasis on o p tim i/a tion  of energy and  m aterial 
resources.

* E stablishm ent o f in ternational institu tions, e.g., 
an international oil bank sim ilar to  W orld Bank 
'o  provide short-term  loans of oil ;<> nations under 
em ergency situations in the fram ew ork of fairness 
and hum an grow th.

* M axim ization of the transition  period for develop­
m ent of o ther sources of energy and a shift from  
orl-hused technology.

* R vevaluuiion o f social, econom ic, political and 
c lh ic ii values. W hat m ay be considered u neces­
sity by an individual, a society, or a count rv m<tv 
be looked upon as a luxury by ano ther in our 
d ispara te  and  im perfect world.

* Im plem entation  of strategies outlined  in’ this pajw f 
wi tild contribu te  tow ard  $;n orderly  transition  of 
iilc-siyle. political, econom ic, and social values 
w ithout tra tim a  of dom estic or in ternational in­
stability, ' Xx
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