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ABSTRACT 

There is an .increasing concern about scarcity of 

the world's remaining natural energy resources and, in 

particular, the future supply of oil and natural gas. 

This paper summarizes recent estimates of energy reser- 

ves and economic supply models for exhaustible resources. 

The basic economic theory of resource exhaustion 

is reviewed, aiad recent estimates of both discovered 

and undiscovered energy resources are presented and 

compared- Domestic and world-wide reserve 

estimates are presented for crude oil and natural gas 

liquids, natural gas, coal, and uranium. Economic 

models projecting supply of these energy forms, given 

reserve estimates and other pertinent information, are 

discussed. Finally, a set of recent models which pro- 

ject world oil prices are summarized and their published 

results compared. The impact of energy conservation 

efforts on energy supply is also briefly discussed. 
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I. INTRODUCTION 

Production of domestic natural gas reached a'peak 

of 22.5 trillion cubic feet in 1971, and had declined 

to about 20.1 trillion cubic feet in 1975. Production 

of domestic crude oil peaked in 1970 at 3.52 billion 

barrels, and it had declined to approximately 3.05 bil- 

lion barrels by 1975. Because of dwindling'reserves 

and more costly exploration and extraction, there is 

little chance for oil and gas production to resume 

their 3% and 5 1/2% respective annual growth rates of 

the 19601s, even with successful development of North 

Slope and off-shore Atlantic resources. 

Concern over our scarce resources and their es- 

calating costs has' raised the question: Just how much 

oil and gas is still in the ground-both domestically' 

and world-wide? Equally important is the question as 

to what the future price path of oil and gas will be. 

As fuel prices continue to rise, shale oil and synthe- 

tic fuels from coal become more attractive. Competition 

from these fuels will at some point in time act as a 

brake on the prices of conventional gaseous and liquid 

fuels as will the availability of other backstop energy 

supply technologies - those with high capital costs, 
but an unlimited resource base.* Future price trajec- 

*The concept of a backstop technology was introduced by 
W. Nordhaus in Reference 34. 



tories for gaseous, liquid; solid, and electric energy 

forms are important from the standpoint of energy 

conservation because they will be a major determinant 

of modifications and additions to energy using capital 

stock. 

Section I1 presents the theory of exhaustible 

resources and its .implications for future energy sup- 

ply. In Section I11 we look at alternative definitions 

of energy reserves and summarize various U.S. resource 

estimates that have been made by others. In addition 

to estimates for oil and natural gas, estimates for 

coal and uranium are presented because of their impact 

on the future price of electricity and synthetic fuels. 

Reserve estimates help determine when domestic oil and 

gas resource exhaustion might become a problem. P~iipor- 

tant world energy parameters are presented in Section IV, 

including pruduc ~f an levclc, proved rcsorvoc, and 

ultimate resources for oil, gas, coal and uranium. Sec- 

tion V summarizes the methodologies which utilize re- 

serve data to project future supply (price and quantity) 

of various fuel forms and which can be used to examine 

the sensitivity 01 these rctiulls Lo uncsrt.n.in parameters, 

given the theoretical framework presented in Section 11. 

The effect of resource exhaustion on patterns of ex- 

traction and production of fuel is discussed. Cost 

estimates and possible introduction dates for shale oil, 



s y n t h e t i c s  based upon coa1,and o t h e r  backstop 

t echno log ie s  a r e  in t roduced .  F i n a l l y ,  Sec t ion  V I  

summarizes a  l a r g e  set  o f  models developed subsequent  

t o  t h e  1973 o i l  embargo which a r e  based on t h e  t heo ry  

of r e sou rce  exhaus t ion  d i scussed  i n  Sec t ion  11. These 

models p r o j e c t  f u t u r e  world o i l  p r i c e s  under a  range 

of  a l t e r n a t i v e  behav io ra l  p a t t e r n s  and economic con- 

d i t i o n s .  A t  p r e s e n t ,  a  d i s t i l l a t . i o n  of  t h e i r  ou tpu t  

w i th  t h e  u s e r ' s  f a v o r i t e  s e t . o f  i n p u t  parameters  i s  

probably t h e  b e s t  e s t i m a t e  one can make of t h e  p r i c e  

p a t h  of  world o i l  f o r  t h e  nex t  q u a r t e r  cen tu ry .  
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11. The Theory of Resource Exhaustion 

A.' Theory 

The theoretical foundation for projecting price 

paths o'f exhaustible resources was published by Harold 

Hotelling in April 1931. l8  hi's classic article sets 

forth a fundamental principle of resource economics 

that has been rediscovered or confirmed by all sub- 

sequent investigations: that the marginal profit 

(or value) of a resource in the ground increases ex- 

ponentially over time at a rate equal to the rate 

of interest. In his Presidential Address to the Ameri- 

can Economic Association, Robert Solow presented an 

excellent review. of the literature of the economics of 

resource extraction, including Hotelling's principle. 38 

Solow said, 

"A resource deposit draws its market value, 
ultimately, from the prospect of extraction 
and sale. In the meanwhile, its owner, like 
the owner of every capital asset, is asking: 
.What have you done far me lately? The only, 
way'that a resource deposit in the ground 
and left in the ground can produce a current 
return for its owner is by appreciating in 
value. .Asset markets can be in equilibrium 
only when. all assets in a given risk class 
earn the same rate of return as the interest 
ra.Le lor Lha.L L'isk class . S i ~ i c e  i.estluxue 'de* 
posits have the peculiar property that they 
yield no dividend so long as they stay in 
the ground, in equilibrium the value of a re- 
source deposit must be growing at a rate 
equal to the rate of interest. Since the 
value of a deposit is also the present value 
of future sales from it, after deduction of 



extraction costs, resource owners must expect 
the net price of the ore to be increasing 
exponentially at a rate equal to the rate 
of interest. 

If the mining industry is competitive, net 
price stands for market price minus marginal 
extraction cost for a ton of ore. If the 
industry operates under constant costs, that 
is just market price net of unit extraction 
costs, or the profit margin. If the indus- 
try is more or less monopolistic, as is fre- 
quently the case in extractive industry, it 
is the marginal profit--marginal revenue 
less marginal cost--that has to be growing, 
and expected to grow proportionally like 
the rate of interest..." 

"...According to the fundamental principle 
[that marginal profit rises at the rate of 
interest], if we observe the market for an 
exhaustible resource near equilibrium, we 
should see the net price-or marginal profit- 
rising exponentially. That is not quite 
the same thing as seeing the market price 
to users of the resource rising exponen- 
tially. The price to consumers is the net 
price plus extraction costs, or the obvious 
analogy for monopoly. The market price can 
fall or stay constant while the net price 
is rising if extraction costs are falling 
through time, and if thc nct price or ccar- 
city rent is not too large a proporkion of 
the market price. That is presumably what 
has been happening in the market for 
most exhaustible resources in the past. 
(It is odd that there are not some econo- 
metric studies designed to find out just 
this. Maybe econometricians don't fol- 
low the iliction returns.) Eventually, 
as the extraction cost falls and the net 
price rises, the scarcity rent must come 
to dominate the movement sf market price, 
so the market price will eventually rise, 
although that may take a very long time 
to happen. Whatever the pattern, the 
market price and the rate of extraction 
are connected by the demand curve I u r  the 
resource. So, ultimately, when the 
market price rises, the current rate of 
production must fall along the demand 



curve.  Sooner o r . l a t e r ,  t h e  market p r i c e  . 

w i l l  g e t  h igh  enough t o  choke off  t h e  
demand e n t i r e l y .  A t  t h a t  moment p roduc t ion  
f a l l s  t o  zero.  I f  f lows and s t o c k s  have 
been b e a u t i f u l l y  coord ina ted  through t h e  
o p e r a t i o n s  o f  f u t u r e  markets o r  a  p lan-  
n ing  board,  t h e  l a s t  t o n  p roduced .wi l1  a l s o  
he t h e  l a s t  t o n  i n  t h e  ground. The re- 
source  w i l l  be exhausted a t  khe i n s t a n t  
t h a t  it has  p r i c e d  i t s e l f  o u t  of  t h e  mar- 
k e t .  The Age of  O i l  o r  Zinc o r  Whatever 
I t  Is w i l l  have come t o  an end. (There 
i s . a  l i m i t i n g  c a . e ,  of  cou r se ,  i n  which 
demand goes a sympto t i ca l ly  t o  ze ro  a s  t h e  
p r i c e  rises t o  i n f i n i t y ,  and t h e  r e sou rce  i s  
exhausted on ly  a sympto t i ca l ly .  But it 
i s  n e i t h e r  b e l i e v a b l e  nor  i m p o r t a n t . ) "  

The above d e s c r i p t i o n  a p p l i e s  t o  a compe t i t i ve  mar- 

k e t .  Solow goes on t o  p o i n t  o u t  t h a t  under o l i g o p o l i s -  

t i c  o r  monopol i s t i c  market c o n d i t i o n s  t h e  same p r i n c i p l e  

a p p l i e s  except  t h a t  t h e  r a t e  of  exhaus t ion  i s  decreased.  

(Monopolists  and c o n s e r v a t i o n i s t s  have something i n  com- 

mon.) He f u r t h e r  d i s c u s s e s  t h e  e f f e c t s  o f  s u b s t i t u t i o n  

and backstop t echno log ie s  (complete substitution above 

a  given p r i c e )  and problems t h a t  can a r i s e  i n  t h e  s h o r t  

run  based on t h e  l a g s  i n  c r e a t i o n  of t h e  means o f  pro- 

ducing o r  u s ing  t h e  s u b s t i t u t e  o r  t h e  backstop.  F i n a l l y  

he d i s c u s s e s  t h e  "proper"  d i scoun t  r a t e  and recognizes  . 

t h a t  t h e  use  of t h e  p r i v a t e  s e c t o r  market r a t e  w i l l  l ead  

t o  a  f a s t e r .  r a t e  of e x t r a c t i o n  than  t h e  assumed lower 

s o c i a l  r a t e  o f  d i s coun t .  

There a r e  major l i m i t a t i o n s  t o  t h i s  t heo ry  o f .  . 

e x h a u s t i b l e  resources . ,  however..  The main. r e s t r i c t i v e  

assumptions a r e  p e r f e c t  knowledge and c e r t a i n t y  about  

t h e  f u t u r e ,  and a  knawn, f i n i t e  s t o c k  of t h e  r e sou rce .  

,... 7 ,,,., 



The major tenant of the theory - that the value of a 
resource deposit in the gound must be growing at 

a rate equal to the discount rate - can be called 
into question if one recognizes that there is 

considerable risk and uncertainty in the discovery 

and exploitation of additional stocks. Although 

the theory of resource cxtraction is not part..icul..arl.y 

useful in modelling future price paths, it does 

shed light on the determinants of resource extrac- 

tion in the real world. 

B. Implications 

Based on this framework, with reasonable assurnp- 

tions concerning reserves, technology, cartel behavior 

and costs, it should be possible to develop likely 

world price trajectories for oil. Long run supply price 

possibilities are shown in Figure II.1 where the price 

ultimately rises to the price of a substitute technology 

Pg at time tn when resources recoverable at that price 

are exhausted. 

Developing a good estimate of this trajectory 

depends upon a reliable estimate of the subslzitute 

price Pg and the time of resource exhaustion tg. The 

parameter t depends upon estimates of production over 
b 

time and the quantity of ultimate recoverable resource 



PATH A - 
/ 

I 
1977 

T I M E  t B 

Figure 11.1. Oil price t ra jec tor ies .  



at price PB. Any programs which produce better infor- 

mation on these two parameters serve to make the pro- 

jection of price paths more accurate. 

It is important to note that political decisions 

may serve to limit access to available resources, thus 

bringing tB closer. This could occur if countries with 

large reserves and low ability to absorb oil revenues 

at home - ~audi Arabia being the prime example - choose 
not to produce their maximum potential. This possibility 

has been discussed at various times by Saudi spokesmen. 

Even if calculations demonstrate that a greater present 

value could be achieved through oil production accompanied 

by investments abroad, the Saudi's may feel that such 

investments could be expropriated (just as they expro- 

priated oil company properties) and prefer to keep 

' their oil in the ground for safety. 

In terms of changing energy ut.ilization technologies, 

the.critica1 parameter is the rate and period over which 

transition is made to PB- If this change is rapid (1-3 

years) compared to the time it takes to reoptimize con- 

sumption patterns (decades), severe economic disruption 

could resl~l t, Thus, it is very important LhaL e'vuey 

effort 'be made to make the transition smoothly (path A) 

rather than succumb to policies postponing even gradual 

price increases which would lead ultimately to shortages, 

rapid price increase, and a transition more like path B. 



Th.e d0rnesti.c natural ga,s situation is an example 

which might be characterized by price path BI with 

rapid changes and economic dislocations. If controls 

are maintained too long, a likely result might be a 

temporary (several years) period of higher than equi- 

librium prices resulting from the lag in bringing 

additional natural gas or substitute technologies on 

line. Insofar as some technology alternatives are 

precluded for environmental or safety reasons, the 

problem may be accentuated. 

Thus, a key need for conservation planning and 

the implementation of new energy utilization technolo- 

gies is the clarification of the key parameters tB 

and PB, followed by the development of plans to make 

this transition - including transition to fuels other 

than oil - as smooth as possible. 
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I 

111. ESTIMATES OF U.S. ENERGY RESERVES 

A. Discovered Reserves 

1. O i l  and G a s .  The t r a d i t i o n a l  measure of  

d i scovered ,  re.coverable o i l  and gas  energy r e s e r v e s  

has  been t h e  concept  o f  proved r e s e r v e s ,  which are 

t h o s e  r e sou rces  e s t ima ted  t o  be  recover-  
a b l e  from proved r e s e r v o i r s  o r  d e p o s i t s  
under t h e  economic and o p e r a t i n g  condi-  
t i o n s  e x i s t i n g  a t  t h e  t i m e  of  t h e  es- 
t i m a t e .  

The key p o i n t s  i n  t h i s  d e f i n i t i o n  a r e  t h e  i n c l u s i o n  

of on ly  t h o s e  d i scovered  r e s o u r c e s  which a r e  r ecove rab le ,  

and t h e  assumption of c u r r e n t  e x t r a c t i o n  technology 

and economic c o n d i t i o n s .  The d a t a  a r e  p a r t i c u l a r l y  

u s e f u l  i f  one i s  i n t e r e s t e d  i n  s h o r t  , t e r m  l e v e l s  o f ,  

and geographica l  s h i f t s  i n ,  p roduc t ion .  1 t . s h o u l d  be 

emphasized t h a t  t h i s  concept  p rov ides  no b a s i s  f o r  

e s t i m a t i n g  t h e  t o t a l  amount t h a t  i s  i n  t h e  ground. I t  
. - 

should be noted t h a t  t h i s  d e f i n i t i o n  imp l i e s  t h a t  in -  

c r eased  f u e l  p r i c e s  o r  improved (lower c o s t )  e x t r a c t i o n  
. % .  

technology w i l l  i n c r e a s e  t h e  q u a n t i t y  of proved r e s e r v e s  

a l r e a d y  d i scovered .  

Es t imates  of  proved o i l  and gas  r e s e r v e s  are made 

annua l ly  by i n d u s t r i a l  trade groups. Canadian and 

United S t a t e s  daLa a r e  p re sen ted  i n  a j o i n t  p u b l i c a t i o n  

of  t h e  American Gas Assoc i a t i on  (AGA) ,  American Pe t ro-  

leum I n s t i t u t e  ( A P I ) ,  andCanadianpe t ro leum Assoc ia t i on  

(.CPA).* P r e c i s e  d e f i n . i t i o n s  o f  r e s e r v e s  are l i s t e d  

&see Reference 1, pp. 14-15, 102-104. 



as well as historical data on production and reserves 

by state. A second definition of crude oil reserves 

is also utilized in this volume, indicated additional 
* .  

reserves which are 
those additional recoveries in . , 

known reservoirs (in excess of the 
proved reserves) which engineering 
knowledge and judgement indicate 
will be economically available 

. by app.1. <..cation of ' improved recovery 
techniques'such as fluid injection 
(secondary recovery techniques). 

Again, this concept provides no basis for estimating 

the total amount of crude oil that can be produced in 

future years. Note that the definition of indCcated 

additional ressrves does not include additional oil 

production from discovered sources based upon higher 

oil prices. Historical U.S. estimates for oil and 

gas proved reserves are presented in Table 111.1. - - 
The relationship between proved reserves and 

annual production* has heen fairly stable over thc last 

two decades. For crude oil the ratio of reserves 

(barrel's) to production (barrels per year) has been 

within the range of 9.3 to 12.8 years. In 1975 it 

was 11.3 years of supply. For natural gas the ratio 

W A S  i n  the low 20's in thc l,lt.ter 1950'5, daclirlirly 

steadily thereafter to ah 11.6 years' supply in 1975. 
. . 

To increase this ratio will require increased direction 

of investment funds to exploration by the natural gas 

industry. 
& 

*I975 production was 2.886 x 10' bbl  crude oil, 0.701 x 3 . . lo9 bbl. NGL, and 19.. 719 x 1012 ft natural gas. 



T a b l e  111.1 

P r o v e d  U.S. R e s e r v e s  o f  O i l  a n d  G a s  (1945-75) 

Date of 
E s t i m a t i o n  
( D e c .  3 1 )  

C r  d e  O i l ,  8 1 0  bbl  

N a t u r a l '  
G a s  L i q u i d s ,  
1 0 9  bbi  

N a t u r a l  

T o t a l  

228 .2  

2 3 7 . 1  

250.0  

2 6 6 . 1  

2 7 8 . 8  

290.7  

2 7 5 . 1  

2 8 7 . 3  

* I n d i c a t e d  a d d i t i o n a l  c r u d e  o i l  reserves as  o f  12-31-75 w e r e  
5 .02 x l o 9  bbl .  

**As o f  J u n e  3 0 .  

S o u r c e s :  " R e s e r v e s  of C r u d e  O i l ,  N a t u r a l  Gas L i q u i d s ,  a n d  N a t u r a l  
Gas i n  Lhe U n i t e d  S t a t e s  a n d  C a n a d a  a n d  U n i t e d  S t a t e s  
P r o d u c t i v e  C a p a c i t y , "  AGA, API ,  a n d  CPA; T a b l e s  I ,  111, 
X I I I - 1 ;  May 1 9 7 6 .  

"The G a s  S u p p l i e s  o f  I n t e r s t a t e  N a t u r a l  G a s  P i p e l i n e  
Companies  - 1 9 7 5 , "  F e d e r a l  Power Commiss ion ,  T a b l e  2 ;  
J a n u a r y  1 9 7 7 .  



One a d d i t i o n a l  d e f i n i t i o n  of  r e s e r v e s  of n a t u r a l  

gas  i s  of importance.  This  i s  d e d i c a t e d  r e s e r v e s .  

The volume of  remaining r ecove rab le ,  
s a l a b l e  gas  r e s e r v e s  committed t o ,  
c o n t r o l l e d  by, o r  possessed by t h e  
p i p e l i n e  company. 

These a r e  r e s e r v e s  ded ica t ed  t o  i n t e r s t a t e  s a l e s  and 

under r e g u l a t i o n  of  t h e  Fede ra l  Power Commission. E s -  

t i m a t e s  a r e  p re sen ted  i n  EPC Annual Repor t s12  and t h e s e  - - -. 
f i g u r e s  are l i s t e d  i n  t h e  i n t e r s t a t e  n a t u r a l  gas  column 

of Table  111.1. The res-erve/production r a t i o  f o r  i n t e r -  

s t a t e  gas  has  d e c l i n e d  from 20 .2  y e a r s  i n  1963 t o  9 .3  

y e a r s  i n  1974. 
7$ 

Actua l  r e s e r v e s  (known only  t o  t h e  producers )  

may d i f f e r  from r e s e r v e  g u a n t i t i e s  r e p o r t e d  by t h e  

same producers  t o  t h e  t r a d e  a s s o c i a t i o n s  due t o  i n s t i -  

t u t i o n a l  and market f a c t o r s .  

2 .  Coal.  Es t imates  o f  U.S. c o a l  reserves are 
., -".."*.- .-... 

prepared  by t h e  U.S. Geologica l  Survey wi th  t h e  most 

r e c e n t  d a t a  con ta ined  i n  "Coal Resources of t h e  United 

S t a t e s ,  January  1, 1974. " 4 3  Emphasis i s  p l aced  on es- 

t i m a t i n g  t h e  amount of c o a l  i n  t h e  ground and n o t ,  

as wi th  o i l  and g a s ,  on ly  t h a t  po r t i on :wh ich  i s  recoveir- 
--. 

a b l e .  A number of d e f i n i t i o n s  a r e  used t o  d e s c r i b e  

remaining c o a l  r e s e r v e s . *  The most impor tan t  one wi th  

*See Reference 43, pp. 105-106. 



regard to discovered. reserves is remaining identified 

resources, 

those resources estimated to remain 
in the ground based on: assured coal- 
bed correlations, specific observa- 
tions, and reasonable geologic pro- 
jection. 

Detailed resource estimates are compiled by state, type 

of coal, heating value, method of mining, and overburden. 

Summary information as of January 1, 1974 is presented 

in Table 111.2. 

The Department of the Interior generally assumes 

that 50% of this coal would be recoverable if mined; so 

these estimates should be halved to'provide comparability 

with the reserve estimates presented for oil and gas. 

The portion of total coal resources that can be ex- 

tracted economically and legally as of January 1, 1974, 

is estimated at 4.9 x lo1* BTU. This implies that only 

about 20% of current resources are recoverable at pre- 

sent prices and with existing technology. With 1973 

production at 15 x 1015 BTU, the reserve/production ratio 

for coal in 1973 was approximately 327 years.* 

3. Uranium. The U.S. Energy Research and Develop- 

ment Administration annually compiles the most complete 

data on U.S. uranium reserves. 45 A comprehensive national . 
I 

uranium resource evaluation has also been initiated by 

ERDA, and the most current estimates of uranium reserves 

are presented in their preliminary report of June 1976. 
46 

*See Reference 43, pp. 105-106 



Table '111.2 

Remaining I d e n t i f i e d  Coal Resources,  1-1-74 
(109 s h o r t  t o n s )  

Bituminous 

Subbituminous 

L i g n i t e  

Anthracite/ 
Semian th rac i t e  

TOTAL 

Source: U.S. Geological  Survey., Coal Resources of t h e  United 
S t a t e s ,  January 1, 1974. 



Because discovered ore exists in various grades 

of varying thickness at differing depths, reserve 

estimates are further categorized in terms of their 

"forward" cost of production. Forward costs are de- 

fined as those operational and capital costs not yet 

incurred in ore production at the time an estimate is 

made. They do not include profit or costs already 

incurred.* Estimates of recoverable reserves in 

known deposits are,listed in Table 111.3. Reserve/pro- 

duction ratios for 1975 are also presented. 

B. Undiscove~ed Resources 

To estimate the total amount of undiscovered energy 

resources that might be economically recoverable is not 

an easy task. Discovery and extraction will be depen-, 

dent upon finding rates, future prices, technological 

change, governmental poli.cies, and other factors. A 

variety of estimates have been made for oil, gas, coal 

and i ~ r a n  i l lm.  

It is useful at this point to introduce the re- 

source classification scheme developed by the U.S. 

Department of the Interioz** In it they ascribe two 

' 'gT6eA"Urixm1 Resource' Group of the Committee on Nuclear 
and Alternative Energy Systems estimates the proper 
ratio between minimum selling prlce and forward cost 
at 1.5 to 2.0. 

**This scheme has gone through a process of evolution in 
recent years. Early forms are presented in ~eference-' ., 
42, pp. 11-12, and Reference 43, pp. 3, 105-106. The 
one documented here is described in Reference 44, 
pp. 8-9. 



Table 111.3 

Maximum Forward 
Cost. 1975 S 

Uranium Ore Reserves, .1-1-76 
(thousand tons U308) 

Total Reserves 

270 

430 

640 

Reserve/Production 
Ratio, years 

Source: U.S. Energy Research and Development Administration, 
National Uranium Resource Evaluation, Preliminary 
Report GJO-111 (76), June 1976. 



primary dimensions to their resource estimates; (1) the 

certainty with which deposits are known to exist; and 

( 2 )  their degree of economic recoverability. Estimates 

can be classified, at least hypothetically, within 

the box diagram framework of Figure 111.1. 

Economic resources are 

those, both identified and undiscovered, 
which are estimated to be economically 
recoverable. 

Subeconomic resources are 

identified and undiscovered resources that 
are not presently recoverable because of 
technological and economic factors, but 
which may be recoverable in the future. 

In the case of gas and oil, measured reserves are 

equivalent to the industry's proved reserves. For oil, 

indicated reserves are equivalent to the industry's 

indicated additional reserves. Both categories gain 

increments from the subeconomic demonstrated resources 

if resource prices rise. 

1. Oil. Many estimates have been made of how much 

recoverable oil is still in the ground. These are 

characterized by widely varying estimates of different 

investigators. Moreover, the periodic estimates of 

the U.S. Geological Survey have dramatically decreased 

with each succeeding estimate in the 1970's. However, 

succeeding USGS estimates represent an increasing de- 

gree of sophistication in technique and data sources. 
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i 
Estimates th.at have been made in th.e last two dec- 

ades fall into three'basic categories:* 

1. Performance or behavioristic methods 
extrapolate data drawn from historical ex- 
perience-discovery rates, cumultive pro- 
duction or productive capacity curves, and 
then fit past data to mathematical functions 
called logistic or growth curves which are 
projected into the future. Such techniques 
are not valid in frontier basins where 
little history exists or areas that are 
not a geological and economic replica of 
the historical model. They are most ap- 
plicable to the later stages of exploration 
in a mature area. Examples of these models 
are : K Hubbert's growth curve projec- 
tions; P 9 t  21 C .L. Moore's rate of discovery 
curves; 32 and C.R. Pelto's rate of dis- 
covery curves. 36 

2. Volumetric yield methods have been ap- 
plied in a number of ways. They range from 
worldwide average yields per cubic mile 
of sedimentary rock or per square mile of 
surface area applied uniformly over a sedi- 
mentary rock area to sophisticated analyses 
which compare geologically analagous asins. 

4k Examples of these methods are Weeks, Zapp, 49 

and Hendricks. 17 

3. Finally, combined methods have been em- 
ployed which draw upon geological and statis- 
tical models. Large amounts of data are 
required as well as complicated mathematical 
and computer methods. Thais is the approach 
taken for e most recent Geological Survey 
estimates. fB 
Figure III..2 compares estimates of recoverable 

oil resources in the United States.** All of the es- 

timates include at least the Continental Shelves to 

200 meters water depth, and qualifications are noted 

*Taken from Reference 44,p. 18. 

**From Reference 44, pp. 24, 45-46. 



F i g u r e  I I I . 2 .  U.S. undiscovered r e c o v e r a b l e  r e s o u r c e s  
of Liquid hydrocarbons onshore  and o f f s h o r e .  

4 50 - 

400 - 
A . A S  K A  
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300  - 
L O W E R  A8 

250 
232 

- 

A L A S K A  A N D  L O W E R  48 

USGS USGS Hubbert 
1965 1975 1974 
( 3 )  ( 5 )  ( 8 )  

+UNDISCOVERED 01 L *  

( 1 )  T h e o b d d  and o t h a r s ,  U.S. Geol. Su-rvep C i r c  650, 1'372. I n c l u d e s  w a t e r  d e p t h  t o  2 ,500  m (8 ,200  f t ) . ,  
(2 )  U.S. (201. Survey News R e l e a s e ,  March 26, 1974. 12c ludes  wa te r  d e p t h  t o  200 m (660 f t ) .  
13) Hendr icks ,  U.S. S e o l .  Survey C i r c .  522, 1965.  Adjllsted through 1974. I n c l u d e s  w a t e r  d e p t h  t o  200 m (660 f t ) .  
( 4 )  N a t ' l .  Academy @f S c i e n c e s ,  "Minerzl  Resources and t h e  Environment ,"  1975.  (See N a t i o n a l  F.esearch C o u n c i l ) .  

. Water d e p t h  n o t  i n d i c a t e d .  
(5 )  U.S. Ceo l .  Survey "Mean", O i l  and Gas Branch Resource A p p r a i s a l  Group, 1975.  I n c l u d e s  w a t e r  d e p t h  t o  200 m (660 E t ) .  
i 6 j  Mobil O i l  Corp. .  Expected Value:  S l i e n c e ,  12 J u l y  1974. (See G i l l e t r e ) .  I n c l u d e s  w a t e r  d e p t h  t o  1,830 m (6 ,000  f t ) .  
i 7 j  Weeks, L.G., Geotimes,  July-Aug., 19611. Adjusted th rough  1974 .  Water d e p t h  n o t  i n d i c a t e d .  
(8 )  Hcbber t ,  S e n a t e  Committee Repor t ,  1974. Zncludes wa te r  d e p t h  t o  209 m (660 f t ) .  
(9 )  Am. Assoc. Petroleum G e o l o g i s t s  Men. 15,  l971 .  Also N a t i o n a l  Pe t ro leum C o u n c i l ,  "Fu ture  pe t ro leum p r o v i n c e s  of 

t h e  United S t a t e s , "  1970. S0rr.e a r e a s  a r e  excluded from t h i s  e s t i m a t e .  I n c l u d e s  w a t e r  d e p t h  t o  2,500 m (8 ,200  f t ) .  
[ lO)Nat iona l  Pe t ro leum Counc i l ,  "U.S. Energy o u t l o o k  -- o i l  and g a s  a v a i l a b i l i t y , "  1973. I n c l u d e s  w a t e r  d e p t h  

t o  2 ,500  m (8,2E0 f t ) .  

7 

Range 
50- 127 
Mean 
82 

- - - - -  - 



in the footnotes. The discussion which follows con- 

centrates on the overall range of the estimates. 

Detailed descriptions and comparisons of the estimation 

techniques can be found inthe references cited. / 
I 

U.S.G.S. estimates have become increasingly pes- 

simistic in the 1970's. Their 1975 high estimate (5% 

probability that at least this amount will be found) 

and low estimate (95% probability that at least this 

amount will be found) bracket those of other investi- 

gators. As shown by Table 111.4 their estimates for 

recoverable (identified plus undiscovered) crude oil. 

and NGL represent a resource/production ratio of 34 to 

58 years at 1974 production levels. Their estimates 

for subeconomic crude oil recovery represent a further 

extension of resources of 44 to 66 years. The total 

potential resource/production ratio for liquid hydro- 

carbons thus ranges from.78 to 124 years,.as of the 

end of 1974. It is important to note that the "recover- 

able" estimates may be conaerv&t.ive in that they reflect 

prices and costs which existed prior to 1974 and no 

resources at water depths greater than 200 meters. On 

the other hand, the subeconomic estimate may be overly 

optimistic in that subeconomic recovery is assumed to 

ultimately reach 60% of the oil-in-place, a large in- 

crease above the current national average of approximately 

32%. Figure 111.3 shows the 1975 USGS estimates in terms 



U.S. RESOURCES OF CRUDE OIL AND 
NATURAL GAS LIQUIDS,  1 -  1 -75  
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of their resource classification system. 

2. ~atural Gas. Figure TII.4 shows comparative 

estimates of recoverable gas resources in the United 

States.* The lowest estimate is that of the USGS 

(19751, with a 95% probability that at least that 

amount will be found. The USGS high estimate is below 

that of the American Association of Petroleum Geologists 

(1971) , the National Petroleum Council (1973) , and 

the Potential Gas Committee (1973). ~stimates of USGS 

are discussed below, those being the most recent 

and embodying the most comprehensive methodology. 

At the 1974 production level, the USGS estimates 

for recoverable (identified plus undiscovered) natural 

gas represent a resource/production ratio of 36 to 51 

years, as shown in   able 111.4. Figures for sub- 

economic recovery provide a further extension of 6 to 

9 years. The total potential resource/production ratio 

for natural gas thus ranges from 42 to 60 years, as of 

the end of 1974. 

As with liquid hydrocarbons, the "recoverable" 

estimates may be conservative in that they reflect 

prices and costs which existed prior to 1974 and no re- 

sources at water depths over 200 meters. Subeconomic 

resource estimates for natural gas assume that recovery 

can be .increased from the present average bf 80% of 

*From Reference 44, p. 47. 



Table 111.4 

.Years to Oil and Gas Exhaustion 
at 1974 Levels of Production 

Oil & NGL Gas - 

Proved (Measured) 11 11 

Indicated 1 10 

Inferred 

Undiscovered 

Subtotal 

Subeconomic 

Identified 

Undiscovered 

Subtotal 

TOTAL 78-124 years 42-60 years 



21 00 
M a x  . 

A L A S K A  

ALASKA A N D  LOWER 4 8  

(1 )  Theobald and o t h e r s ,  U.S. Geol. Survey C i r c .  650, 1972. I n c l u d e s  w a t e r . d e p t h  t o  2 ,500  m (8.200 f t ) .  
(2 )  U.S. Geol. Survey News Re lease .  !;arch 26, 1 9 i 4 .  ~ n c l u d e s  w a t e r  d e p t h  t o  200 m (660 f t ) .  
(3 )  Hendr icks .  U.S. Geol .  Survey C i r c .  5 2 2 ,  1965. Adjus ted  t h r o u g h  1974.  I n c l u d e s  w a t e r , d e p t h  t o  . , 

200 m (660 f t ) .  . . I  

( 4 )  P o t e n t i a l  Gas Committee. " P o t e n t i a l  su?p ly  of  n a t u r a l  g a s  i n  t h e  United S t a t e s , "  1973.  I n c l u d e s  
w a t e r  d e p t h  t o  460 m (1,500 f t ) .  

(5)  N a t ' l .  Academy of  S c i e n c e s ,  "> l ine ra l  Resources  and t h e  Environment," 'l975:(See N a t i o n a l  & s e a r c h  
C o u n c i l ) .  V a t e r  d e p t h  n o t  i n d i c a t e d .  

( 6 )  U.S. Geol. Survey  "Mean", O i l  and Gas Sranch Resource A p p r a i s a l  Group, 1975 .  I n c l u d e s  w a t e r  d e p t h  
t o  200 m (660 f t ) .  

( 7 )  Mohil O i l  Corp., Expected V a l u e : ' S c i e n c e ,  1 2  J u l y  1974. (See G i l l e t t e ) .  I n c l u d e s  w a t e r  d e p t h  t o  
1,830 m (6,000 f t ) .  

(0) Hubbe t i ,  S e n a ~ e  Cuuuniccee Reporc, 1974. l i l c l u d k ~  w a t e r  d e p t h  t o  200 m (660 f t ) .  
( 9 )  Am. Assoc. Pe t ro leum G e o l o g i s t s  ?lern. 15 .  1971.  Also  N a t i o n a l  Pe t ro leum Counc i l .  " F u t u r e  p e t r o l e u m  

p r o v i n c e s  o f  t h e  Uni ted  S t a t e s , "  1970. Some a r e a s  a r e  exc luded  from t h i s  e s t i m a t e .  I n c l u d e s  w a t e r  
d e p t h  t o  2,500 m (8 ,200  f t ) .  

( 1 0 ) N a t i o n a l  Petrol.eum Counci1, '"U.S. energy  o u t l o o k  -- o i l  and g a s  a v a i l a b i l i t y , "  1973.  I n c l u d e s  w a t e r  
d e p t h  t o  2.500 m (8.200 f t ) .  

F igure  111.4.  U.S. undiscovered r ecove rab l e  r e sou rce s  
of n a t u r a l  gas onshore and offshore.  



the gas-in-place to 90%, and this may be overly 

optimistic. In any case, estimates of recoverable 

gas at pre-1974 prices and technology give 1974 re- 

source/production ratios that are comparable to those 

for liquid hydrocarbons. Figure 111.5 shows the 1975 

USGS estimates in terms of their resource classifica- 

tion system. 

3. Coal. Estimates of undiscovered coal re- 

sources are shown in Table 111.5. 43 These, again,' 

represent estimates of remaining coal in seams of 

at least certain minimum thicknesses depending upon 

the type of coal. Not all of this coal can be recover- 

ed. When mining takes place, some coal is left in 

pillars, between augur holes, in reservations for oil 

and gas wells and under populated areas, interstate 

highways, etc. Historically, recovery has been esti- 

mated to average 50%, although it may be as great as 

90% in some strip mines. In any case, it is apparent 

that the amount of undiscovered coal is probably as 

great as our known resource base, and there is no pos- 

sibility of exhausting that base within the next century. 

4. Uranium., .-- Estimates of total remaining uranium 

resources* are listed in Table 111.6. Potential re- 

sources, those that are incompletely defined or undis- 

colered, are iurther broken down into probable, possible 

*From Reference 46, p. 5. . 



Figure  111.5. U.S. r e sou rce s  of n a t u r a l  gas ,  1-1-75. 
(1012 f t3)  
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Table 111.5 

Remaining Identified and 
Undiscovered Coal Resources, 1/1/74 

9 (10 short tons) 

. . .  
Remaining Identified ~esources 1731 

Hypothetica 1. Resources ,1850 

Additional Resources in Deeper 
Basins 388 

Total 3969 

Table 111.6 

United States Uranium Resources, 1-1-76 

(tons U308) 

I 1 Defined 

$/lb. U O8 
Cutoff sost Reserves 

$15 430,000 

$30 640,000 

By product* 1..40,000 1- 

Incompletely Defined or Undiscovered 
Potential Resources 

- - 

Probable Possible Speculative 

Total: 780,000 1,060,000 1,270,000 590,000 

*Estimated by-product of phosphate and 
copper production, 1976-2000. 



and speculative categories.* If all'of the potential 

resources plus by-product production estimated in this 

table were added to the current reserve base, the re- 

source/production ratio would increase from 52 to 290 

years, at the 1975 level of production. This can be 

misleading, given the projected growth of nuclear 

electric capacity, but it is probably safe to assume 

that U.S. uranium resources will last longer than oil 

and gas, although not as long as our coal resources. 

* A x  earlier estimate of remaining uranium resources up 
to a cutoff cost of $100/lb. is presented by the 
Electric Power Research Institute in Reference 9. 
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IV. ESTIMATES OF WORLD ENERGY RESERVES 

Estimates of proved reserves are a useful point 

of departure for an examination of the world oil sup- 

ply situation. As defined in Section I11 of this 

paper, proved reserves represent resources estimated 

to be recoverable from Jcnown reservoirs under tech- 

nical and economic conditions prevailing at the time 

of the estimates. Estimates of proved reserves for 

major world geographical regions are summarized in 

Table IV.l. * 

The outstanding feature of the table is the 

dominance of the Middle East as the respository of 

most of the world's oil-55.5% of proved reserves. The 

next most important major area is the U.S.S.R. at 12.1%. 

The U.S. has 5.6% of the total. 

/ The quantity of reserves does not necessarily cor- 
/ 

respbnd to production. Due Lo  the large undeveloped 
' /  

reserves in the/ ?fiddle East, the output of that i-egion ' / represented only 35.9% of the world's oil production in 
/ 

*Data on world-wide reserves and production of oil and 
gas a , re  presented annually in the International Petro- 
leum Encylopedia, Reference 24. For current, monthly, , 
product.ion figurec one can cvnsult trade journals and 
a biweekly publication of the U.S. Central Intelligence 
Agency entitled "International Oil Developments, 
Statistical Summary," Reference 40. Other useful 
references are the "Directory of International Energy 

, Statistics," Reference 3, and "World Energy Supplies 
\! 1950-1974, " Reference 50. 

1.. 



Table I V . 1  

. . World "Published Proved" Oil Reserves 
at End 1975 

Billion ' Share of Billion 
.Tonnes Total Barrels 

U.S.A. 5.1 5.6% 38.9 

Canada 1.1 1.2% 8.2 

Total North America 6.2 6.8% 47.1 

Latin America 5.0 5.5% 35.4 

Total ,Western Hemisphere 11.2 12.3% 82.5 

Western Europe 3.4 3.8% 25.6 

Middle East 50'. 1 55.5% 368.3 

' Africa, 8.7 9.6% .65.1 

U.S.S.R. 11.0 12.1% .80.4 

Eastern Europe 0.4 0.5% 3.0 

china 2.7 3 . 0 %  20.0 

Other Eastern Hemisphere 2.9 3.2% 21.2 

Total Eastern .Hemisphere 79.2 87.7% 583.6 

World 90.4 100.0% 666.1 

World (Excl. u.s'.s.R. 
E. Europe & China) 76.3 84.4% 562.7 

- 
Notes 
1. Proved reserves are generally taken to be the volume of oil 

remaining in the ground which geological and engineering 
information indicate with reasonable certainty to be re- 
coverable in the future from known reservoirs undar oxisting 
economic and operating conditions. Probable and possible 
reserves are not included. 

2. The recovery' factor, i.e. the relationship between proved 
reserves and total oil in place, varies according to local 
coxiditions and can vary in time with economic and technologi- 
cal changes. 

3. For the U:S.A. and Canada the data include oil whjch it is 
estimated can be recovered from proved natural gas reserves. 

4. The data'exclude the oil content of shales and tar sands. 
Source: BP Statistical Review of the World Oil Industry, 1975. 



19,5. The leading Middle East countries were Saudi 

Arabia at 12.7% and Iran with 9.9%. The two other 

largest producing areas were the U.S.S.R. wi.th 17.9%, 

and the U.S.'at 17.4%. Additional production details 

are presented in Table IV.2. 

The high production and low reserves of the U.S.A. 

reflect its position as a relatively mature-perhaps even 

declining-oil producing area which has been in production 

for a.long time. The Middle East, on the other hand, 

has yet to reach its peak production..   his is probably 

also true of the U.S.S.R. and other oil producing re- 

gions, but in most of these areas the data on oil re- 

serves are less reliable than for the U.S. and the 

Middle East. 

How adequate will these reserves be f0.r future 

demand? World oil consumption grew at 5.9% per year 

between 1965 and 1975. At this rate, half of the 

world's remaining proved reserves.would be consumed 

by 1987 (assuming thcrc were no pulitical constraints 

on the availability of these resources):. 
. . 

Of course, no one expects that there will be no 

further additions to world oil reserves. Additional 

oil is being found in places such as the North American 

Arctic, the North.Sea, and Mexico. The real question 

is-how much oil might ultimately 'be discovered? . 

Many geologists have made kst'imates of the world ' s 
ultimate recoverable resources of.,oil; A chronological 



T a b l e  IV.2 

Wor1.d O i l  P r o d u c t i o n  1975 and 1974 

Thousand B a r r e l s  D a i l y  

Country  Area 1975 1974 

U.S.A. --Crude O i l  
--Matvra 1 Gas L i q u i d s  

T o t a l  
Canada 

T o t a l  Nor th  America 

L a t i n  America 
A r g e n t i n a  

B r a z i l  
Colombia 

Ecuador 
Mexico 

T r i n i d a d  " 
Venezuela 

O t h e r  L a t i n  America 
T o t a l  L a t i n  America 

Total  Western  Hemisphere 16 ,170 17 i465  

Wes Lern Europc 
A u s t r i a  .- 

Prance 
I t a l y  

Norway 
Turkey 

U n i t e d  Kingdom 
West Germany 

Yugos lav ia  
O t h e r  Western  Gurope 
T o t a l  Western  Europe 



Table IV. 2 '(Con't) 

Thousand Barrels Daily 

Country Area 1975 1974 

Middle East 
Abu Dhabi 1,400 1,410 

Dubai 255 240 
Iran 5., 395 6,065 
Iraq 2,230 1,975 

Kuwait 1,840 2,275 
Neutral Zone 500 540 

Oman 340 290 
Qatar 435 520 

Saudi Arabia 6,970 8,350 
Shar j ah 40 3 0' 

Other Middle East 235 190 
Total Middle East 19,640 21,885 

Africa 
Algeria 
Egypt 
Gabon 
Libya 

Nigeria 
Other North Africa 
Other West Africa 

Total Africa 

South Asia 190 180 

South East Asia - 
Brunei 190 200 

Indonesia 1,315 1,395 
Other South East Asia 90 -. 80 
Total South East Asia 1,595 - 1,675 

Japan 10 
,-.Australasia 415 

U.S.S.R. 9,740 
/ Eastern Europe 400 

China 1,305 
Total Eastern Hemisphere 38,925 

World 35,095 58,170 

World (excl. U.S.S.R., 
E. Europe & China) 43,650 47,615 

Note-Egypt(UAR)includes onshore Gulf of Suez and Sinai pro- 
duction. 

$=~ess than 5 thousand barrels daily. 

Source: BP SCatisLical Review of the World Oil Industry, 1975. 



summary of these estimates appears in Table IV.3.* From 

this table we can see a convergence of recent estimates 

in the area of 2000  billion barrels. There is a sub- 

stantial range on either side of this estimate, but 

this seems like a useful median estimate. 

Production of world oil through 1975 was 341 

billion barrels. If we assume 2000  billion barrels as 

the ultimate recoverable resource base, this leaves 

1659 billion barrels to be produced. If we assume 

the continuation of 5.9% growth in oil consumption, 

half of ultimate resources would be consumed by 1996. 

At present levels of consumption half of the estimated 

remaining resourc.es would be consumed by the year 2016.  

Obviously this analysis is greatly oversimplified, 

but it serves to indicate the timescales 'and magnitudes 

associated with the world oil. ,supply problem. Further 

analysis is needed to.examine the efLects of thc fol- 

lowing factors: 

a) U l t i m a t ~  recoverable reserves may be 
either higher or lower than the figure 

'>(-)SP.S. used 11eie for illustrative pur, . 

*The U.S. Geological Survey has estimated oil and yas 
world resources, Reference 41, on an u d e r  of m~gni- 
tude basis, but they do not present a quantitative 
estimate for the world as a whole. ~stimates for 
all potential energy sources (including conventional 
fuels plus thorium, oil shale, tar sands, hydraulic 
and other renewable resources) are gathered a i d  
presented every six years by the World Energy Con- 
ference Survey of Energy Resources. Reference 47 
is their latest publication. 



Table IV. 3 

Recent ~stimates of World Ultimate 
Resources of Crude Oil from Conventional 

Sources 

1967 Ryman (ESSO) 2090 

1968 Shell 1800 

Weeks 

Hubbert 

Moody (Mobil) 

Warman (BP) 

Weeks 

Geiger and Moody 

Source: Geiger and Moody "Petroleum Resources: How Much 
Oil Where?" Technology Review, March/April, 1975. 

. . 



b) Many oil producing countries which 
are unable to 'use all of the revenues 
from oil production may limit output, 
thus making these growth rates impos- 
sible even if the resource base is 
available to support it. 

c) Price increases may greatly slow the 
rate of consumption growth, thus leading 
to a leveling of oil consumption fol- 
lowed by a gradual decline, rather than 
a sharper peak and decline. 

d) Even if the ultimate resource base 
is there, it may not be discovered fast 
enough to support the rates of production 
implied by high growth rates, given the 
fact that minimum reserve/production 
ratios must be maintained. This consi- 
deration is bolstered by the fact that 
the preponderance of existing reserves 
are the result of very few discoveries. 
With no areas in sight that have the 
potential of the large Middle East fields, 
future reserve additions may have to come 
from many small discoveries. Consequently, 
even if the resources are there it may 
take more time to find the same volume 
of reserves than it has in the past. 

e) Other fuels may become more attractive 
For a substantial set of end uses. Al- 
'LhdUCJh this is unlilcely in isolation, 
the possibility increases when combined 
with oil and gas price increases and 
indications that supply may be inter- 
ruptible as in 1973. 

Some of these considerations have been examined 

in detail in the recent report of the Workshop on 

~1terruLivc Energy Strd Legics. T h c  Workshop 

found that the process by which ultimate resources are 

added to actual reserves is difficult to predict with 

confidence and may serve to limit oil production and 

consumption before the half-life of the total resource 

base is approached. 



Historical experience shows that the greatest 

contribution to total reserves have come from a very 

small number of oil fields. Most of the thousands 

of fields which have been developed-while making use- 

ful contributions-have been insignificant compared 

to the key giant fields. This isillustrated in Table 

The implication of this finding is that continued 

growth in oil consumption will require continued major 

discoveries if the ultimate resources are to be made 

usable. With current world consumption at the 20 bil- 

lion barrel/year mark this requires discovery of two 

ten billi.on barrel fields per year or the equivalent 

in smaller ones if we are to stay even. In th.e last 

ten years, the only fields of thi,s size o r  larger whi..ch 

have been discovered have been on the Alaskan North 

Slope, in the North Sea, and in Mexico. Most of the 

additions to reserves in the last forty-five years have 

i r i  fact come i n  fields which were already discovered 
.- - . -  - 

in the Middle East. This is shown in Figure IV.l 

which bqckdates additions to reserves to the year 

in wh.ich th.e relevant field was discovered. Additi.ona1 

discussion of the process of adding to reserves and 

accounting for them may be found in reference 51, 

For purposes of analysis, WAES adopted estimates 

of 10 billion and 20 billion barrels per year of ad- 

ditions to gross reseryes, the former regarded as 



Table IV. 4 

Approximate Size of World Oil Fields 

Number of Estimated % 
fields dis- of WOCA re- 
covered %. serves 

A. All fields 

B. Fields greater than 0.5 
billion bbl. recoverable 
reserves 240 

C. Fields greater than 10.0 
billion bbl. recoverable 
reserves 

D. 4 largest fields: 

Ghawar (Saudi Arabia) 

Greater Burgan (Kuwait) 

Bolivar Coastal 
(Venezuela) 

Safaniya-Khaf j i 
(Saudi Arabia/Neutral 
Zone) 



F i g u r e  I V . l .  O i l  d i s c o v e r y  r a t e  i n  WOCA from 1930 
( f i v e - y e a r  a v e r a g e  o b t a i n e d  by b a c k d a t i n g  d i scov-  
e r i e s  t o  y e a r  of f i e l d  d i s c o v e r y ) .  Source:  EXXON 
P r e s s  B r i e f i n g ,  World Energy Out look ,  December 7 ,  
1975. 



pessimistic and the latter as optimistic. These in- 

clude additions to reserves in existing fields made 

possible by enhanced recovery techniques. It is 

significant that these additions to reserves figures 

probably will not be bolstered by continuing additions 

in the Middle East. 

Another key limitation on turning resources into 

reserves and production is the possible imposition by 

Arabia Peninsula nations (Saudi Arabia, Kuwait, Qatar, 

and the United Arab Emirates) of production levels. 

This might arise because these countries cannot use 

increased revenues internally for development and 

would prefer holding oil in the ground to foreign 

investments; or it may arise in order to obtair~ poli- 

tical concessions. T h ~ e e  possible lcvels of Arahian 

Peninisula limits were considered: 13 rnbd (current 

level); 20 mbd; and 25 mbd. 

When these production potentials are combined with 

various demand projections (incorporating price and 

policy induced conservation and fuel switching effects) 

the supply/demand balances for oil in WOCA (wor'ld 

outsidc cnmrnunist a.reas) emerge as shown in Figures 

IV.2 and IV.3. 

The top line for each production curve reflects 

the potential production limited only by the level 

of additions to reserves. The lower levels reflect 



Limit at 33 

Non-OPEC Production 

10 

0 - 

Figure IV.2. WOCA oil production for C-1. 

Figure IV.3. WOCA oil production for D-8. 



successively lower levels of political limitations 

by Arabian Peninsula producers. Where demand 

diverges from production, the WAES case assumptions 

are not longer internally consistent. In real world 

terms, the implications of this divergence would be 

lower economic growth, higher oil prices, fuel switching, 

or some combi.nat.i.on of these, 

These projections have implications similar to 

those of the recently released CIA report on world 

oil.52 This report places greater emphasis on the 

prospective emergence of the Soviet Union and China 

as oil importers, thus adding to imbalances on the 

world oil market. This report is also less optimistic 

than WAES concerning the potential for conservation. 

The character of these two views of the future of the 

world oil market can be seen in Table I V . . ~ .  

As with oil, estimates of proved reserves are a 

useful point of departure for analysis of the world 

gas situation. The analysis continues by comparing 

demarid y~owth with ul t ims tc !  ~ e ~ u v e r a l = r l c  rc.sm~xccs. 

Current remaining proved natural gas reserves are 

shown in Table IV. 6. 

In the 1965-1975 period, natural gas consumption 

in the world rose at an average rate of 5.5 per cent 

per year. At this rate of growth half of the presently 

- 48 - 



T a b l e  I V . 5  

1 9 8 5  O i l  B a l a n c e  

F o r  Non-Communist World  

MB/D 
CIA - WAES-C 

WOCA O i l  Demand 68.3-72.6 6 3  

Non-OPEC WOCA O i l  S u p p l y  23.9-26.9 24 

cdmecon a n d  C h i n a  N e t  
S u p p l y  -3.5 - -4.5 0  

R e q u i r e d  OPEC O u t p u t  46 .7-5 i .2  39 

OPEC O u t s i d e  A r a b i a n  
P e n i n s u l a  21.0-22.4 20 

A r a b i a n  P e n i n s u l a  25.7-28.8 13/20/25 

A r a b i a n  P e n i n s u l a  O u t s i d e  
S a u d i  A r a b i a  6.0-6.5 5  

S a u d i  A r a b i a n  P r o d u c t i o n  19 .7-22 .3  1 4  

WAES-D 

N o t e :  Numbers may n o t  a d d  d u e  t o  r o u n d i n g .  



Table  I V .  6 

Proved World Natural  G a s  Reserves 

( 1 0 1 2  cf) 

A f r i c a  

Western Hemisphere 

Europe excep t  U.S.S.R. 

Middle E a s t  

U.S.S.R., Other  A s i a  and Oceania 

WORLD TOTAL 

Source:  I n s t i t u t e  o f  G a s  Technol~uqv 
A Survey o f  U.S. and ~ o t a i -  world Produc t ion ,  
Proved Reserves. and Remainina Recoverable - -  - - - 4 

Resources of  F o s s i l  F u e l s  and Uranium, 1977 



known proved reserves would be consumed by 1992. 

There -is a good deal of variance in the ultimate 

recoverable resource,figures for natural gas. One 

median figure is 10200 tcf, of which 850 have been 

produced. At the 5.5% growth rate, this means that 

half of the ultimate resource will be consumed.by the 

year 2011. On the other hand, at the 1975 level of 

consumption half of the estimated remaining resources 

would be consumed by the year 2030. 

The distribution of these remaining gas reserves 

is shown in Table IV.7. As is shown in the table, 

Middle East gas reserves, while substantial, are not 

as dominant.in a world perspective as Middle East 

oil reserves. . In fact, it seems that the U.S.S.R. 

and China wiil be substantial sources of additional 

gas-perhaps for export-in the.years to come. 

Clearly the problem with natural gas on a world . 

.- 
scale is not theresource bas'e in the same sense as 

for oil. Resources are m6re than  adequate f o r  anti- 

cipated demand. However, the resource is not'located 

where it is needed - in Western Europe; the Unlted 
States, and Japan. Furthermore, the necessary trans- 

portation and h,andling equipment - principally LNG 

tankers, liquefaction and gasification, and long 

distance pipelines - are very expensive and require 

long lead times for construction. Consumer resistance 



i .  Table  IV.7 

- Est imated  Remaining Recoverable 
Na tu ra l  Gas;Midrange 

(1012 c f )  - 

North and C e n t r a l  America 

South  America 

Europe except '  U.S.S.R. 

A£ r i c a  

Middle E a s t  

u . s . s ' I R .  and o t h e r  Asia  

Oceania 

TOTAL 

- .- 
Source:  I n s f , l  t u t e  uf Gas Technology 

A Survey of U.S. and ~ o t a i - w o r l d  Produc t ion ,  
Proved Reserves,''' and ~ e m a i n i n s  Recoverable 
Resources o f  ~ o s s i l  F u e l s  and-uranium. 1977. 



to high LNG prices and social objections to LNG 

tanker docking and gas handling facilities are likely 

to be limiting factors on gas consumption long before 

resource availability is. 

C. Coal 

Current production of coal in the world is highly 

concentrated in a few areas. These include the U.S., 

the U.S.S.R., China, and a few key countries in Europe 

(especially Poland, West Germany, and Britain). Pro- 

duction is summarized in Table IV.8, and figures are 

in line with reserve and resource estimates shown 

in Table IV.9. 

Based on the average heat content of 22.6 x 10 6 

J/kg reported by.the World Energy Conference, estimated 

proved reserves are the equivalent of 2200 billion bar- 

rels of oil. Assuming 50% -. - recovery, the total resource 

base indicated for estimated coal resources is equiva- 

lent t.n 20,000 billion barre1~-about tcn times the es- 

timated resource base of oil. Thus, coal availability 

is not likely to be affected by resource limitations 

for the forseeable future. 

, D. 11rani.i.ln Resources 

Uranium resources are very unevenly distributed 

around the world. Most of the world's known supply is 

concentrated in just four countries - the U.S., Canada, 



Table IV.8 
World Coal Production, All Ranks 

(Kilotonne) 

Percent of 
Nation Brown Coal 

World 
o r  Area Anthracite Bituminous and Lignite Peat** 

Houille Total Production 
Pays ou Anthracite Birumineux Totrrbe Total % d e  la 

brune et R egion 
Lignite production 

mondiale 

USSR 79,000 404,000 154,000 57,000 694,000 
United States 8,830 495,300 ' 5,800 509,430 
China, P.R. of 20,000 390,000* U 410,000 
Canada 14,600 3,000 17.600 

Europe 
Western 27.800 132,300 111,100 320 271.520 

3,140 8,650 , Southern 46,270 58,260 
Nor4hern 3,760 143,550 90 5,020 152,420 . 
Eastern 200 187,700 447,730 50 635,680 - - .- 

Total 34,900 472,200 605,190 5,390 1,117,680 

India 69,120 3,700 72,820 
Australia 48,920 23,390 72,310 
South Africa 1,680 56,810 58,520 
Japan 1,040 32,940 , 130 34.1 10 
North Korea 21,800 6,170* U 27,970 
South Korea 12,400 12,400 
Turkey 4,180 5,820 10,000 
Rest of Asia 3,000 8,1502 450 1 1,600 
Rest of Oceania 1,920 160 2,080 
Rest of Africa 430 4,970 5.400 
Latin ~ m e r i c a  7 10,970 - - 10,980 

Total 183,030 2,020,280 801,640 62,390- 3,067,400 

*Include some lignite for P. R. of China, P. R. of Korea, Mongolia and Pakistan. 
**Includes peat used for.fue1 only. 

S o u r c ~ :  Wnr1.d Energy Conference, 
g Resources, 1974 

Table IV. 9 

World Coal Reserves, All Ranks 
(Mr#a~ouues) 

Reserves 
Country or Total Riserves 
Continent Resources 
Puys 011 Reuuuur cej 

Recoverable 
cot~t ine t~t  

Total torales 
reiupeiables totales 

USSR 
China, P.R. of 
Rest of  Asia 
United States 
Canada 
Latin America 
Europc 
Africa 
Oceania 

World Total 

Source: World Energy Conference, 
Survey of Energy Resources, 1974 



.- !. 

Australia,, qnd South. Africa. This is dramatically 

shown by the figures in Table IV.lO. Little is known 

about uranium supplies in the communist areas and pros- 

pecting has been geographically limited. For compari- 

son, current production in the world excluding 

Communist countries is 21,000 tonnes (1972). 
I 

Although possible future growth rates of nuclear 

power are highly speculative, at an arbitary 10% 

per year growth, half of the reasonably assured free 

world resources would be consumed by 1984. Half of 

the total uranium resources would be used by 1996. 

This is probably an unduly pessimistic assessment. 

First, uranium exploration has been limited because .--- of 

depressed uranium prices until very recently. Second, 

the use of Uranium in large quantities is of recent 

origin; hence the historical effort directed to find- 

ing it has not been of the same magnitude as effort 

directed to finding fossil fuels. Third, breeder 

reaotora would slretch out these resources by more 

than three orders of magnitude. 



Table TV.10 

World Uranium Resources 

Nation 
Pays 

Reasonably 
Assured 

Resources 
up to S26/KgU 

(tonnes) 
Ressources 

raisonnable- 
menr assurt!rs 

jusqu 'd 
S 2 6 k g U  
(ronnes) 

Total 
Uranium 

Resources 
(tonnes) 

Ressources 
torales en 
uranilrm 
(ronnes) ' 

United States 329 267 2 0 4 1  156 

Canada 185 799 716 984 
Sweden - 308 381 

South' Africa 202 000 298 004 
Australia 120 949 160 049 

France 34 850 85 000 

Niger 40 000 80 800 

India - 61  862 
Colombia - 5 1 000 
Argentina 12 665 38 590 
Gabon 20 400 30 240 
Rest o f  Europe 21 834 '13 863 

Rest o f  World 16 710 - .7 78 023 

Tntal 984 474 4 023 948 
-- , . -., . 

Source: World Energy Conference, 
Survey of Energy Resources, 1974 



V. ENERGY SUPPLY AND PRICE PROJECTIONS 

A. Projection Based on ERDA Forecast and U.S. Re- 
source Estimates - 

A key question in regard to domestic.energy supply 

is, When will the U.S. run out of its oil and gas? The 

answer depends, of course, upon future demand as well 

as upon the quantity of known and undiscovered hydro- 

carbons that can be economically supplied. Given a 

future path of demand over time, one can make rough 

calculations by using published est.imates of remaining 

resources. 

To illustrate this approach we will assume the 

base case CF-2) forecast levels of domestic oil and gas pro- 

duction in an internal ERDA planning document,53 and we will 

ask whether or not thereare sufficient resources to satis- 

fy this projection. Table V.1 shows annual and cumula- 

tive production estimates for oil and gas through the 

year 2000. For crude oil and natural gas liquids, 

cumulative production from 1975 through 2000 plus proved 
- - 

reserves equal to a twelve year reserve/production ratio 

in 2000 would equal about 162 billion barrels. This 

is within the USGS 1 9 7 5  estimate of from 129 to 217 

billion barrels recoverable at pre-embargo economic con- 

ditions. Based upon these estimates it is probable that 

domestic resource scarcity will add on economic rent to 

rising costs of production and declining u . S .  oil pro- 



Table V. 1 

Historical and Projected U.S. 
Production of Oil and Gas 

Crude Oil & NGL, 10' k b l  Natural Gas, 1012 ft3 
annual cumulative annual cumulative 

production production production production 

*Based on I~gependent Petroleum ~ssociation of ~merica 
esti~uates. 

**ERDA-APAE internal planning estimate, from Reference 53. 



duction by the year 2000. For natural gas, cumulative 

production plus proved reserves equal to a fifteen 

year reserve/production ratio in 2000 would equal about 

781 trillion cubic feet. This is also within the USGS 

1975 estimate of from 761 to 1093 trillion cubic feet 

recoverable at pre-embargo economic conditions. Again, 

it is probable that ultimate resource scarcity will 

generate an economic rent to be added to rising costs 

and thus impact upon production and prices by the year 

2000, although under the F-2 demand assumptions and 

supply production estimates scarcity rents would be 

smaller on natural gas than on crude oil. 

In view of the USGS estimates for subeconomic oil 

and gas resources, it is very probable that the major 

factor determining production in the year 2000 would 

be the market price of oil and gas which will presumably 

be that of substitute energy forms. In short, the U.S. 

will not run out of oil and gas, but the cost of do- 

mestic oil and gas may be vely liigl~. This aonclusion 

is strongly backed up by Harry W. Richardson: "the 

real problem is one of rising costs of energy rather 

than of physical exhaustion of supplies, "37 and by 

William Nordhaus: "The clear evidence is that the 

future will not be limited by sheer availability of 

important materials; rather, any drag on economic growth 

will arise from increase in costs. 11 35 



B. Projections from Economic Investments Models 

The question of what determines the rate of re- 

source extraction has also been analyzed by economic 

investment models of producer behavior. The model 

of Cox and Wright is a particuarly useful one because 

it incorporates parameters that are directly related 

Lo current federal and state policies and legislation. 7 

It assumes that crude petroleum producers maximize the 

present value of after-tax cash flow, subject to the 

constraints of a constant elasticity of substitution 

(CESJ production function.and an accounting identity. 

By explicitly modelling investment for acquisition 
. -. 

of proved reserves the authors are able to statistically 

test the significance of special federal tax provisions 

for this. industry, state market-demand prorationing, 

and the federal oil. import quota. It is n o t  particularly 

useful for simulation of future production levels, how- 

ever. 

The National Petroleum Cnuncil has employed economic 

investment models to simulate future oil and natural 

gas supplies.33 Their 1973 study Begins with histor- 

icaliy based investment and operating cost functions. 

Factors considered include the cost of adding secondary 

and text.iary recovery, drilling cosls ,  future well depths, 

cost escalation exclusive of inflation, and depletion 

of proved reserves. It is a short term supply model - up 



to fifteen years. Pre-embargo applications indicated, 

large supply.responses to price increases. The con- 

clusion that can be reached from their analysis is 

th.at market 'prices for oil and gas will have a large 

impact on domest2c production in the short term (ten to 

fifteen years) . 
The FEA's Project Independence projections were 

made in 1974. The methodology used by both the 

oil and gas task forces is a modification of.that used 

by NPC. Essentially, assumptions were made on leasing 

policies and schedules, drilling rates, finding rates, 

-and percentage of gas produced from new reserves.. This 

was done for each NPC region separately. These projec- . 

tions were modified in FEA's "1976 Nationa1,Energy Out- 

look" to reflect lower FEA and USGS resource estimates, 

an advanced Federal leasing schedule, and other factors. 13 

Price elasticities of supply from this study are shown 

in Table V.2. They are somewhat below the NPC esti- 
- -. - . . , . 

mates aild f a l l y e  between 0.4 and 0.8. 

Figures V.l and V.2 present a variety of dome2tic 
. . 

oil and gas supply estimates. As can be seen, tliTfu- 
-. 

ture of nationalsupply is not at all certgin.  sent 
/i- -_ 

estimates have tended to be lower. For example,:,the 
. 

Ford estimates are based on the then current USGS re- 
d- 

source estimates that have since been revised sharply 
- 

downward. 



Table V.2 

* 
FEA Supply Elasticities for U.S. Oil and Gas 

Petroleum Liquids 1985 P r c g  1985 Imported % Change % Change 
(business-as-usual) duction, 1C bpd Oil Price, 1975$/bbl in Quantity in Price 

Natural Gas . 1985 Pro- 1985 Ave. City % '  Change % Change 
(refsrence scenario) duct ion, Tzf Gate 'Price,lg75$/~~f in Quantity in Price 

20.4 
10% 16% 

22.5 $Ia7'> $2.07 , ' 

* 
Source: F B I ,  1936 National Energy Outlook. 
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F i g u r e  V. 1. Domestic o i l  s u p p l y  p r o j  e c t i o n s .  
Source: F u t u r e  O i l  Supply t o  t h e  N o r t h e a s t  
Uni ted S t a t e s ,  BNL Repor t  50557, p. 30. 

Key: 

FEA (B) : B u s i n e s s  a s  Usual  (1976)13 

FEA (P) : P e s s i m i s t i c  (1976) l3 

FORD: Fnrd Founda t ion  Energy P o l i c y  P r o j  c c t  (1374) 

Hubber t  : (1971) 20 

Hudson & J o r g e n s o n :  (1974) 2 2  

NPC : N a t i o n a l  Pe t ro leum Counc i l  (1972) 23 
t 

SHELL: S h e l l  O i l  Co. (1974) 

SNOW: David G ,  Snow (1974) 

SRI : S t a n d a r d  Resea rch  I n s t i t u t e  (1972) 



F i g u r e  V.. 2. N a t u r a l  gas supply  p r o j e c t i o n s .  
Source: Future Natural  Gas  S~.jpply tn  t h ~  
N o r t h e a s t ,  BNL Report  50558, p. 24. 

Key: 

M-P1, P2 : MacAvoy & Pindyck (1973) 31 

H- J : ~ u d s o n  & Jorgenson  ( 1 9 7 4 1 ~ ~ .  

P I  BAU, ACC: P r o j e c t  Independence (1974)12 

NPC I - I V  : N a t i o n a l  Petroleum Counci l  (1973) 3  3  

16T h , B , C  : Institute of Cae Terhnnl .ngy ( 1 . 9 7 4 ) ~ ~  

NGS I - I V  : F e d e r a l  Power Commission (1972)14 



Di.scussions of th'ese supply projections 4re.presented 

in References 6 and 27. .Also, a comprehensive 'survey of 

energy supply models developed before 1973 is contained 

in a March 1973 report of Decision Sciences Corporation. 29 

C. Projections from Long Term Supply Curves 

Even if price elasticities of supply are fai,rly 

elastic, they will decrease over the longer term as the 

domestic resource base approaches exhaustion. This is 

evident in the supply curves used in the Stanford Re- 

search Institute Energy Model. 39 Figure V. 3 shows the 
. . 

long run marginal cost curves used in the model whi.ch 

are a function of cumulative production from July 1, 1975. 

Marginal costs for natural gas and crude oil eventually 

increase dramatically, whereas those for coal, shale oil 

and nuclear fuel do not. Although these supply functions 

are very useful- in parametric model studies, they must 

be used with care in forecasting the future price paths 

of oil and qas because of the many assumptions thaL aw. 

embedded in them. These assumptions include: 

@Constant 1975 technology, 

@Constant relative prices for the factors 
of production, 

@~xclusion of l e a s e  bonus paymcnts and o,LIier 
economic rent, 

@A given set of public regulations. and policies. 

Given the present state-of-the-art in modelling and 

forecasting, it is desirable tu make a range of long term 
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Figure  V . 3 .  Resource marginal  c o s t  curves .  
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Westsrn ~ e ~ i o n a l  Energy Development Study: 
 economic.^, Volume 11-SRI Energy Model Data 
Base, h'cavember 1976. 



supply . projections . based upon sets of alternative as- 

sumptions. The uncertainty about the future level of 

many important parameters,is too large to permit esti- 

mation of. single supply functions. Projection techniques 

should include estimates of the future.costs of discovery 

and extraction, the ultimate resource base, market clear- 

ing prices and other relevant policy parameters such as 

federal leasing policy and regulations. 

D. Projections for Synthetic Fuels 

In addition to supply projections for domestk oil 

and gas, information about substitute energy forms be- 

comes important. When and at what cost will production 

of synthetic liquid and gaseous fuels be commercially 

feasible? This question is important even if foreign 

oil and gas is available to the U.S. well into the 21st 

Century because the availability of synthetic technology 

can provide an upper bound on the actual market prices 

ul: c rude  uil d ~ l d  ~latural gas. 

ERDA expects successful development and 

construction of commercial size synthetic plants (gas 

and liquids from coal, liquids from shale) .before the 

year 2000. This is within the time framework over which. 

our domestic oil and gas resources are expected to last; 

so attention will be focused on the expected cost of syn- 

thetic fuels, assuming successful development of the 

technology. 



SRI cost estimates are shown in Figure V.4 along 

with the coal cost upon which they are baked. 39 They 

include only production costs, omitting marketing and 

distribution expenses. Syncrude from coal estimates 

are 6.7 to 8.4 times the cost of coal on a BTU basis. 

High BTU gas from coal estimates range from 9.8 times 

the cost of coal with the Lurgi process down to 5.6 

times the cost of coal with advanced technology. These 

costs bracket those for syncrude from coal, and all are 

estimated to be less than the cost of producing syn- 

crude from shale - 11.3 times the cost of coal on a 
BTU basis. 

. . 
The set of ERDA cost estimates53 for the year 

1985.are shown in Figure V.5. The projected costs of 

high BTU qas (5.6 times the cost of coal) and syncrude 

from shale are much lowcr. Furthermore, the ERDA estimate 

includes the cost of refining whereas the SRI estimate 

does not. 

All of these estimates are very uncertain because 

commercial technology has not yet been proven. A more 

comprchcnsive analysis of projected changes in the r H -  

lative prices of all fuel forms will be the subject of 

a future issue paper. 

Synthetic fuel and oil shale are characterized by 

considerable environmental and socioeconomic effects. 
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For this reason they may be limited to a role of par- 

tial substitution. Like the direct use of coal, they 

contribute to the C02 problem which will loom larger 

until a definitive answer is found. Finally, synfuel 

and oil shale advocates have a long history of cost 

, underestimation. These considerations must be incor- 

porated in an analysis of the mutual level of backstop 

costs. for these fuels. The potential price of synthetic 

fuels and the role they may play as fuel substitutes 

is crucial to conservation planning. A continuing 

effort should be directed to obtaining information 

on likely costs of synfuels and other new technology 

candidates. 

E. Effects of Enersy Conservation on Supply Projections 

National policy is currently shifting toward a 

greater emphasis on energy corise~vatiun. Given the 

response that has occurred since the oil embargo and 

the large remaining potential for reducing energy con- 

sumption, this will lead to substantial decreases 

in growth rates for oil and gas demand from historic levels. 

The greater the impact of conr;crvati.uri, tlltl 1oiig.o~ o u r  

. domestic kesburces will last and, probably, the lower 

their future price paths. 

If final consumers of .energy choose their stock. of 

energy using capital equipment on the basis of future 



as well as current energy prices, estimates of the future 

price paths of oil and gas are crucial for capital stock 

decisions - decisions which will determine future energy 

consumption over an extended period of time. Greater 

success in achieving energy conservation will reduce 

the rate of price increase faced by these decision 

makers. The extent to which price expectations play 

a role in today's capital stock decisions is an important 

one which deserves more attention. 

Another important conservation action that will ex- 

tend our domestic resource base will be successful 

technology for using renewable resources, such as solar 

d'irect heating and cooling. Although there is wide- 

spread expectation that oil and gas prices will con- 

tinue to increase over the foreseeable future, it 

is important to note that there are certain factors 

within an energy conservation framework which will 

work against or at least limit such increases. 
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VI. MODELS PROJECTING WORLD OIL PRICES 

A. The Role of Models 

Many models of resource extraction are in existence. 

Some of these are models of the quantity of resource dis- 

covered as a function of previous discoveries and search 

costs; others treat resource extraction as a function 

of previous resource findings and extraction cost; and 

still others treat resource extraction in response to 

energy price. 

Another class of models has attempted to examine 

the future' price of resources given various supply and 

demand assumptions. A subset of such models have been 

directed to examining the effect of the OPEC oil cartel -. 
on world oil prices. These are discussed-below.. These 

supply and demand models can be classified as static 

or dynamic and as simulation or optimization. All of 

them are long run equilibrium and all but one assume 

that there is a producers' cartel. All of the models 

address one or more of the following issues: 

1. How rational are the OPEC price policies and 

can the prices be maintained? 

2. Is OPEC inherently stable and how do various 

pricing rules affect stability? 

3. Can the future course of world oil prices be 

projected with any confidence? 



B. General  Conclusions  of t h e  Models 

A b r i e f  s t a t emen t  of  t h e  g e n e r a l  p r i c e  conc lus ions  

of  each model i s  s t a t e d  below. The p r i c e s  used i n  most 

of  t h e s e  models are t h o s e  of  l a t e  1973 and 1974. Thus, 

$7.00 o r  $9.00 p e r  b a r r e l  of  o i l  i s  about  t h e  same i n  

r e a l  t e r m s  as $13.00 p e r  b a r r e l  c u r r e n t l y .  Most models 

i n d i c a t e  t h a t  ove r  a  wide range of c o n d i t i o n s  t h e  op t imal  

o r  p r e f e r r e d  s t r a t e g y  f o r  OPEC p r i c i n g  i s  t o  main ta in  

o r  s l i g h t l y  decrease real prices f u r  tile 11exL LiILael' l  

o r  twenty y e a r s .  Most assume f a i r l y  low backstop 

technology c o s t s  (50% h ighe r  t han  c u r r e n t  p r i c e s ) .  Higher 

backstop technology c o s t s  would change t h e  conc lus ions  

and sugges t  c o n s t a n t  o r  r i s i n g  p r i c e s .  

S t a t i c  Models. The Kennedy shows t h a t  

OPEC revenue i s  maximized a t  p r i c e s  between $3.50 and 

$7.00 p e r  b b l  (1973 p r i c e s )  w i th  low supply e l a s t i c i t y  

and u n i t a r y  e l a s t i c i t y  of  demand. With h i g h e r  non-OPEC 

supply and/or demand e l a s t i c i t i e s ,  OPEC's maximum n e t  

revenue i s  lower a t  h i g h e r  o i l  p r i c e s .  

The Levy model2* assumes Saudi Arabia ,  Kuwait, and 

Abu Dhabi a c t  a s  r e s i d u a l  s u p p l i e r s .  The conc lus ion  is 

t h a t  i f  demand growth is  below h i s t o r i c a l  levels,  h i g h e s t  

r e t u r n s  t o  r e s i d u a l  s u p p l i e r s  come a t  p r i c e s  below 

c u r r e n t  l e v e l s .  A t  h i s t o r i c a l  r a t e s  of  demand growth, 

h i g h e s t  r e t u r n s  would come from c u r r e n t  p r i c e  l e v e l s .  



The FEA model (PIES). l1 has two versions: 

1. One version assumes all OPEC members restri,ct 

output proportionately. This results in a 

tremendous surplus capacity if price is-to be 

held at $9 per bbl (1973 prices). 

2. A second version allows six members to be re- 

venue maximizers while the remaining countries 

would be residual suppliers. The surplus capa- 

city of the residual suppliers must be 52% to 

maintain $9.00 per bbl oil. 

Dynamic Models. Prices in dynamic models always 

climb to the level of the'backstop technology. This 

usually happens between 2000 and 2025. The price-move-. 

ments discussed below',for each model hold over the next 

couple of decades. For most of the models, the near 

term (20 year). price response assumes the existence of 

backstop technologies at cdsts about 50% higher than 

cartel prices. One might interpret the models as saying 

th.at stable cartel price solutions will occur at prices 

somewh.at below backstop technologies and that the less 

OPEC acts monolithically, the higher the'demand elas- 

ticity, and the higher the non-OPEC supply elasticity, 

the lower will be the price at which the cartel can 

maintain stability. Not surprisingly, one might vake 

the above statements on the.basis of 1ogi.c without 

recourse to models; but it is comforting that the 

models support these conclusions over a wide range of 

policy options and parametric variations. 
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The Blitzer et a t .  model4 has two versions. In 

one version, assuming amonolithic OPEC, the authors 

present a small number from "thbusands" of parametric 

runs. ~hese runs as .well as the results from the second 

version which treats Saudi Arabia, Kuwait, and Abu 

Dhabi as residual suppliers indicate that the strategy 

yielding greatest stability and returns to the residual 

suppliers is output maximization at constant or declin- 

ing prices. 

The Kalymon also has two versions,. each 

of which has sub-versions. The first of these is an 

optimization version for a monolithic OPEC and three 

alternative sets of residual suppliers. In all runs 

the optimal solution calls for an immediate price de- 

crease followed by a slow continous price increase to 

the backstop price. In all cases prices would drop. 

Prom $10 to $7-8.50 and then slowly riac to the back- 

stop price of $15 between 2027 (monolithic OPEC) and 

2053 (Saudi Arabia/Kuwait/ Abu Dhabi/Neutral Zone). 

In the second version - a simulation at initial prices 
of $7.00, $8.50 and $10,00, with a monolithic OPEC - 

Saudi Arabia would be indiffcrcnt but Iran and the 

other members would prefer $10. Therefore, $10 would 

probably hold. With Saudi Arabia or Saudi Arabia/Iran 

as residual producers, the stable price level would 

probably be at $8.50 although $7.00 would also maximize 

revenue. 
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Gately and ~~lel' have produced a model that 

incorporates price expectations in the actions of oil 

suppliers. The model assumes a monolithic OPEC and 

has two versions: 

1. a dynamic simulation model of specified price 

policies and .pricing strategies and; . 

2.. an optimization model-that considers all 

pricelpaths and selects an optimum for given 

criteria. 

The authors conclude that 

"one rule of thumb pricing strategy thqt is 
likely to serve OPEC very well for the for- 
seeable future, both in terms of yielding 
high profits and avoiding the dangers of 
greatly underutilized capacity, is a strategy. 
that is relatively cautious about further 
price increases." 

and 

"certain other, more aggressive pricing 
strategies, will also'yield good results 
for OPEC :" 

A model by Cremer and weitzman8 models profit maximi- 

zation for a monopolist CArab Persion Gulf and North 

African States) faced with supply responses to price for 

non-OPEC suppliers and world demand response to price. 

Thcro is no backstop tcchnnlngy. Increasing costs as 

a function of cumul'ative according to the 

Hubbert and Nordhaus a.na.1ysi.s are assumed. The authors 

conclude : 



". . . t h a t  th.e r e c e n t  i n c r e a s e  i n  th,e p r i c e  of  
o i l  was a once and f o r  a l l  phenomena due t o  
t h e  format ion  of  the c a r t e l  and t h a t  p r i c e s .  
should remain approximately  c o n s t a n t  du r ing  
t h e  nex t  twenty y e a r s . "  

A f t e r  t h a t  p e r i o d ,  however, p r i c e s  rise r a p d i l y  

due t o  d e p l e t i o n  of  r e sou rces .  

The Nordhaus assumes a compe t i t i ve  world 

and clrclmincs t h e  f u t u r e  of a l l  f u e l s  iiicludiriy synthe  

t i c  (hydrogen) backstops .  H i s  r e s u l t s  suppor t  t h e  

Hotelling-Solow t h e o r y  of p r i c e  t r a j e c t o r i e s  f o r  

e x h a u s t i b l e  r e sou rces .  An i n t e r e s t i n g  conc lus ion  

from t h e  Nordhaus model i s t h a t  t h e  U.S. w i l l  be  a 

major c o a l  e x p o r t e r  a f t e r  t h e  middle o f  t h e  n e x t  

century-.  
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