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THE PROSPECTS OF LATIN AMERICA’S PETROLEUM IN THE ENERGY CRISIS

ENERGY INTAKE AND ECONOMIC ACTIVITY

Energy in the physical world isfliterally speaking,the underpinning 
of change. And in the practical world of civilized man various sources 
of energy are the underpinnings of civilized life, which consist of 
various forms of change - in plowing the land, in irrigating and cul­
tivating it; in producing fertilizers and pestidides; in operating 
shovels, mining and drilling equipment to produce coal, petroleum, miner­
als ; in transporting materials, products, and persons ; in operating ma­
chine tools and the various devices invented by man; in driving motors, 
electrical generators, generating radio waves, operating electronic 
computers; etc., etc. All of these expressions of civilized life would 
come to a stop without adequate and economic sources of energy. The 
essence of economic activity is change, and so is energy.

The degree of economic development and the consumption of energy 
of nations are closely related. The physical counterpart of the con­
cept of GNP is the total annual consumption of energy. The first measures 
the economic activity, say in dollars per year, and the second measures 
the total energy required to drive the economy, say in equivalent tons 
of oil per year.

When the nations of the world are ranked by GNP per capita, the 
Latin American (L.A.) nations are found to occivjy an intermediate posi­
tion between the twenty-odd most industrialized nations and the truly 
underdeveloped nations, (See Appendix 1). Moreover, the bulk of the 
L.A. nations are already right behind the most industrialized nations.

A rather strong statistical correlation exists between GNP per capi­
ta and total consumption of energy per capita. The first quantity appears 
to increase somewhat faster than linearly with the second quantity. That 
is, a doubling of the GNP per capita implies somewhat less than doubling 
the energy consumption per capita.

To obtain a measure of the total energy intake of a nation all forms 
of energy must be converted to a common unit. From the point of view of
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p h y s ic s ,  th ere  are two fundam ental form s o f  en ergy : k in e t i c  energy and

p o t e n t ia l  en ergy . The f i r s t  one i s  equal t o  ( .1 /2)rrtû- where m i s  the 
mass o f  the o b je c t  moving and V i s  i t s  v e l o c i t y .  The o b je c t  cou ld  be a 

sm all fundamental p a r t i c l e  as an e le c t r o n ,  f o r  in s ta n ce , o r  any o th er  

o b je c t .  Heat i s  a form  o f  k in e t i c  energy -  the aggregate  o f  the k in e t i c  

energy o f  the  atoms in  th e body where heat i s  s tu d ie d . P o te n t ia l  energy 

has t o  do w ith  the e x is te n c e  o f  in te r n a l o r  e x te rn a l fo r c e s  in  a system , 

which l e f t  a lon e would d r iv e  i t  t o  some o th e r  c o n f ig u r a t io n . Hence, 

change i s  o f  the essen ce  -  in  both, o f  th ese  fundam ental form s o f  energy - 

whether through v e l o c i t i e s  o f  o b je c t s ,  o r  a c tu a l o r  v i r t u a l  c o n fig u r a t io n  

changes in  a system . For s t a t i s t i c a l  p u rp oses , the energy o f  fu e ls  is  

c o n v e n tio n a lly  expressed  in  kg o f  o i l  e q u iv a le n t . A lso  e le c t r ic ,  energy 
and m echanical work can be con verted  to  kg o f  o i l  e q u iv a len t because o f  

the eq u iv a len ce  o f  heat and mechanical, en ergy . Some b a s ic  con v ers ion  

fa c t o r s  used in  the c a lc u la t io n  o f  t o t a l  energy are summarized in  Appen­

d ic e s  2 and 3. A co m p lica tin g  f a c t o r  i s  the v a riou s  e f f i c i e n c i e s  o f  

the energy con v ers ion  p ro ce sse s  which are u t i l i z e d .  The t o t a l  u s e fu l 

energy -obtained w ith  a g iven  t o t a l  i n i t i a l  fu e l  input v a r ie s  w ith  the. 

r e la t iv e  use o f  the va riou s  energy p r o c e s s e s . T h ere fore  a s o c ie t y  cou ld  

ob ta in  g re a te r  u s e fu l  energy from a g iven  fu e l  input by s t r u c tu r a l  

changes. But we do n ot en ter  in to  t h is  q u estion  h e re , although  i t  i s  

im p orta n t.
The c o r r e la t io n  between consum ption o f  t o t a l  energy per ca p ita  and 

GNP p er ca p ita  i s  e a s i ly  dem onstrated by the s t a t i s t i c a l  d a ta . This data 

re v e a ls  th a t t o  m erely ca tch  up w ith  th e group o f  the  more in d u s t r ia l is e d  
n a tion s  (T able 1) L atin  America (T able  2) would re q u ire  energy in takes 

g re a te r  by fa c t o r s  o f  approxim ately  2 to  3. A d e ta ile d  exam ination o f  
th e  s itu a t io n  f o r  the v a riou s L .A . n a tion s  in d ic a te s  th a t the r a t io  b e ­

tween GNP p er ca p ita  and kg o f  o i l  eq u iv a le n t  p er ca p ita  ranges between
0 .3 4  and 7 .33  in  $ /k g  o f  o i l  e q u iv a le n t . T h ere fore  the econom ic output 

a ch ieved  from a g iven  in take o f  energy v a r ie s  g r e a t ly .
3

/
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' Table 1
1971 PER CAPITA ENERGY CONSUMPTION OF INDUSTRIAL NATIONS

GNP O il e q .
Country p e r  ca p ita  L1 k g /c á p itá

USA 4,760 7,189

Canada 3,700 5,962

C zech oslovak ia 2,230 4,229

Dem. Rep. Ger 2,490 4,033

Belgium 2,720 3,910

Sweden 4,040 3,893

UK 2,270 3 ,521

Denmark 3,190 3,406

Fed. Rep. Ger. 2,930 3,339

Norway 2,860 3 ,318

N etherland 2,430 3,241

USSR 1,790 2 ,899

F inland 2,390 2 ,771

France 3,100 2 ,511

S w itzerlan d 3,320 2,285

Japan 1 ,920 2,084

I t a ly 1,760 1,715

1 /
— World Bank A tla s  1972 
2y

U .N . S t a t i s t i c a l  Yearbook 1972
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Table 2

LATIN AMERICA 1971 PER CAPITA ENERGY CONSUMPTION

Oil equivalent 
Country per capita L/ kg/capita

T rin id a d  and Tobago 860 2 ,536
Venezuela 980 1,612
Surinam 530 1,427
Panama 730 1,357
A rgentina 1,160 1,135
C h ile 720 970
Jamaica 670 856
M exico 670 813
Cuba 530 737
Guyana 370 637
Uruguay 820 613
French Guiana 940 600
Colombia 340 408
Peru 450 397
B r a z il 420 320
B r it is h  Honduras 590 310
C osta R ica 560 285
N icaragua 430 249
Ecuador 290 202
Dominican R epu b lic 350 169

Guatemala 360 160
Honduras 280 150
B o liv ia 180 143
El S alvador 300 143

Paraguay 260 91
H a iti 110 15

1/
World Bank A tla s  1972

2 /
U .N . S t a t i s t i c a l  Yearbook 1 9 7 2 , but con verted t o  o i l
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The energy sou rces  p r e s e n t ly  u t i l i z e d  in  L atin  America c o n s is t  main­

ly  o f :  renew able v e g e ta b le  f u e l s ,  anim al w ork, f o s s i l  f u e l s ,  and hydro­

e l e c t r i c  p o t e n t ia l  en erg y , and, t o  a m inor e x te n t , s o la r  and geotherm al 

en ergy . N uclear energy has n ot y e t  been used f o r  com m ercial purposes in  

L atin  A m erica, a lthough th e re  are s e v e r a l experim en ta l r e a c t o r s .  Of the 

above r e s o u r c e s , on a w orldw ide b a s i s ,  the f o s s i l  fu e ls  are 

d e p le ta b le  w ith in  ra th e r  sh o rt  tim e spans (a  few decades t o  a few c e n tu r ie s )  

a t th e  p r o je c t e d  tren d s o f  u t i l i z a t i o n .  P etroleum , in  p a r t i c u la r ,  stands 

as the f i r s t  o f  the m ajor f o s s i l  fu e ls  w ith  a fo re se e n  w orldw ide exhaus­
t io n  w ith in  s e v e r a l decades.

T o ta l energy consum ption and p rod u ction  o f  the va riou s  L atin  Ameri­

can c o u n tr ie s ,  ranked in  d e cre a s in g  o rd er  o f  t o t a l  energy consum ption, 

are shown in  Table 3 f o r  the 1969 d a ta . I t  i s  t o  be n oted  th a t about 

2 /3  o f  the L .A . n a tion s  have a d e f i c i t  o f  t o t a l  en erg y , th a t  i s  they 

have t o  im port some o f  the  energy they  n eed , and about 1 /3  have a su rp lu s . 

But most o f  the  m ajor L .A . n a t io n s , w ith  the e x ce p tio n  o f  B r a z i l ,  have 

a su rp lu s  o f  t o t a l  en ergy . That i s  M ex ico , A rg en tin a , V en ezu ela , Colom­

b i a ,  C h ile  and Peru have a n et t o t a l  energy su rp lu s o r  are  about in  
b a la n c e .

The la r g e s t  a b so lu te  d e f i c i t  o f  t o t a l  energy correspon ds t o  B r a z il  

(1 7 .5  m i l l io n  ton  o i l  e q u iv a le n t ) ,  fo llo w e d  by Cuba (6 .2  m il l io n  ton  o i l  

e q u iv a le n t ) ,  (T able  4 ) .  The im port dependence w ith  r e s p e c t  t o  t o t a l  en er­

gy i s  w e l l  below  80 p ercen t f o r  B o l iv ia ,  C olom bia, T rin id ad  and Tobago, 
V en ezu ela , M exico , A rgen tin a , P eru , C h ile ,  and B r a z i l ,  but f o r  the o th e rs  

i t  i s  above 80 p e r c e n t . Of the la r g e s t  L .A . n a t io n s , B r a z il  i s  the on ly  

one w ith  an im port dependence h ig h e r  than 50 p ercen t (a c t u a l ly  57 p e r c e n t ) .

The L .A . p a tte rn  o f  r e la t iv e  consum ption between the v a r io u s  energy 

re so u rce s  v a r ie s  s y s te m a t ic a lly  w ith  th e  GNP p er  ca p ita  o f  each cou n try , 

(T ab le  5 ) .  Up t o  about $400 p er  c a p ita  the m ajor c o n tr ib u to r  t o  the en er­
gy supply are a g r ic u lt u r a l  r e s id u e s ,  fo l lo w e d  in  im portance by o i l .  Above 

about $400 p er  c a p ita  the m ajor c o n tr ib u to r  becomes p etro leu m , fo llo w e d

LATIN AMERICA’ S ENERGY SUPPLY PATTERN
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LATIN AMERICA 1969 ENERGY DATA U 

Energy data  in  m il l io n  ton s o f  o i l  e q u iv a le n t  Ij
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Country Consumption J / P rod u ction

B r a z il 49.67 36.12
M exico 43.10 51.40
A rgentina 27.00 27.22
Venezuela 14.73 230.54

Colombia 12.59 20.22

Cuba 10.93 4 .46

C h ile 8 .18 11 .61

Peru 7 .83 8 .54

T rin id a d  and Tobago 3 .64 11.33

Ecuador 1.72 2 .47

Uruguay 2 .11 0 .42

Jamaica 2.08 0 .48

Guatemala 1 .60 0 .97

Rep. Dominicana 1 .58 1 .06

B o liv ia 1 .46 3 .1 4

H a iti 1 .23 1 .11

E l Salvador 1 .12 0 .75

Panama 1 .0 4 0 .30

Surinam 0.92 0 .43

C osta  R ica 0 .89 0 .56

N i  ca ragua 0.86 0 .51

Honduras 0 .83 0 .53

Guyana 0.80 0 .32

Paraguay 0 .64 0 .46

La In d u s tr ia  d e l P e tr ó le o  en America L a tin a , ECLA, 1973
2y

O il c a l o r i f i c  va lu e assumed: 10,700  k c a l/k g

3/ In c lu d in g  l o c a l l y  used energy from a g r ic u lt u r a l  r e s id u e s .
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1971 NET OUTSIDE ENERGY DEPENDENCE 

OF LATIN AMERICA'S ENERGY DEFICIT COUNTRIES

Table 4

D e f i c i t  in  
m il l io n  ton s % o f

Country o i l  e q u iv a lën t 1J consum ption

Panama 2 .00  100

Dominican R ep u b lic  0 .70  99

Guatemala 0 .83  98

Cuba 6 .2 1  97

N icaragua 0 .48  95

Honduras 0 .2 1  95

Uruguay 1 .68  94

Jamaica 1 .6 1  94

E l S alvador 0 .48  93

Surinam 0 .50  87

Ecuador 1 .07  84

C osta R ica  0 .43  84

B r a z il  17 .48  57

C h ile  3 .85  40

Peru 2 .20  39

A rgentina  2 .6 1  10

M exico 3 .52  9

V enezuela , C olom bia, 0 0
B o l iv ia ,  T rin idad  
and Tobago

D erived from U .N. S t a t i s t i c a l  Yearbook 1972
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Table 5

ENERGY CONTRIBUTIONS TO LATIN AMERICA’ S 1969 ENERGY DEMAND

% Energy C on tr ib u tion  ]j

Country
GNP/cap 
(1970) (Gas + O il) Petroleum Hydro Coal

A g r ie . 
r e s i d .

Venezuela 980 (47 + 40) 87 6 2 5

A rgentina 1160 (17 + 72) 89 1 3 7

T & T 860 (38 + 55) 93 0 0 7

Mexico 670 (24 + 46) 70 5 10 15

C h ile 720 (6 + 51) 57 15 16 12

Jamaica 670 (0 t  77) 77 2 0 21

Panama 730 (0 + 71) 71 10 0 19

Guyana 370 (0 t  60) 60 0 0 40

Cuba 530 (0  + 59) 59 1 1 39

Peru 450 (2 + 57) 59 14 2 25

B r a z il 420 (1  + 44) 45 20 5 30

C osta R ica 560 (0 + 37) 37 28 0 35

Colonfoia 340 (8 + 36) 44 15 13 28

N icaragua 430 (0 + 41) 41 10 0 49

Guatemala 360 (0 t  39) 39 4 0 57

Dominican Rep. 350 (0 + 33) 33 1 0 66

E l S alvador 300 (0 + 33) 33 13 0 54

Ecuador 290 (0 + 39) 39 4 0 57

Honduras 280 (0 + 36) 36 8 0 56

Paraguay 260 (0 + 29) 29 7 0 64

B o liv ia 180 (0 + 32) 32 13 0 55

H a iti 110 (0 + 9 ) 9 0 0 91

D erived from : La In d u s tr ia  d e l  P e tró le o  en America L a tin a , ECLA, 1973, p . 11.
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by e it h e r  a g r ic u lt u r a l  re s id u e s  o r  h y d ro . M oreover, Venezuela i s  the 

on ly  L .A. cou n try  f o r  which n a tu ra l gas i s  the m ajor c o n t r ib u t o r ,  o i l  

fo l lo w in g  in  second  p la c e .  The c o n tr ib u t io n  o f  petroleum  in cr e a se s  mar­

k ed ly  w ith  the G N P/capita. Only a few co u n tr ie s  (M ex ico , C h ile ,  Colom­

b ia )  have a f a i r l y  d iv e r s i f i e d  p a tte rn  o f  energy supply  between the v a r i ­

ous energy s o u r c e s , a lthough petroleum  eomes f i r s t  even in  th ose  c o u n t r ie s , 

O v e r a ll ,  in  L atin  America o i l  p rov id e s  65%, n a tu ra l gas 16%, hydro 
14%, and s o l id  fu e ls  5% o f  the com m ercial e n e rg y , th a t i s  a g r ic u lt u r a l  

re s id u e s  ex clu d ed . Of the m ajor re g io n s  o f  the w o r ld , L atin  America 

depends t o  the g re a te s t  e x ten t on petroleum  (8 0 .8 % ), as shown by the 

data in  Table 6 , which f o l lo w s .

Table 6

Comparative Use o f  Commercial O il  and N atural Gas Energy, 1969 j /

Region % o f  r e g io n  demand

L atin  America 80.8

North America 72 .9

A s ia , A fr i c a ,  O ceania 57 .7

Western Europe 54 .2
E astern Europe and Other C ou n tries  36 .6

y La In d u str ia  d e l  P e tr ó le o  en America L a tin a , ECLA, 1973.

About h a l f  o f  the L .A . c o u n tr ie s ,  in c lu d in g  most o f  the m ajor L.A. 

n a t io n s , have petroleum  p ro d u c t io n . But on ly  V enezuela , E cuador, T rin id a d  

and Tobago, C olom bia, and B o l iv ia  have a n et su rp lu s  f o r  e x p o r t . The 

th ree  most im portant L .A . petroleum  p rod u cers  are in  o rd er  o f  d ecrea s in g  

rank: V en ezu ela , M ex ico , and A rgen tin a , fo llo w e d  by E cuador, C olom bia, 
B r a z i l ,  and T rin idad  and Tobago. But i t  shou ld  be noted  th a t  V en ezu e la 's  

o i l  p rod u ction  accou n ts f o r  about 71 p e rce n t o f  the t o t a l .  L atin  America 

fo l lo w s  a f t e r  th e M iddle East and A fr ic a  in  b e in g  a net p ro v id e r  o f  o i l  

f o r  o th e r  w orld  r e g io n s . By fa r  the h ig h e s t  n et im porter re g io n  o f  o i l  

i s  Europe, fo llo w e d  fa r  behind by North America and A sia .
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Background

Petroleum  occu rs  n a tu r a lly  and w id e ly  in  c e r ta in  sedim entary b a s in s  

and g e o s y n c l in e s . I t  form s in  sedim entary r o c k s , w herein o rg a n ic  mat­

t e r  b u ried  w ith  the sedim ents becomes petroleum  in  the cou rse  o f  g e o lo g ic  

tim e under th e  a c t io n  o f  p r e s s u r e , tem peratu re, and p h y s ic a l-c h e m ic a l 

p r o c e s s e s . Not a l l  sedim entary accum ulations are fa v ou ra b le  f o r  p e t r o ­

leum. Those w ith  a r e g io n a l  maximum th ick n e ss  o f  le s s  than about 2 ,000  

f t .  and th ose  to o  s e v e r e ly  deform ed are t o  be ex c lu d ed . M oreover, p e t r o ­
leum can be wasted away from a b asin  o r  g e o sy n c lin e  by w ater flo w  and e r o s io n .

The b a s ic  requ irem ents f o r  th e e x is te n c e  o f  petroleum  accum ulations 
a re : sou rce  r o c k s , r e s e r v o ir  r o c k s , adequate petroleum  m igra tion  and

accum ulation  c o n d it io n s . Not a l l  o f  the determ inant fa c t o r s  can be a s ­

ce r ta in e d  be foreh an d . And, what i s  more im p ortan t, not a l l  the re le v a n t  

fa c t o r s  are known even today  a f t e r  more than a cen tu ry  o f  petroleum  ex ­

p lo r a t io n  and developm ent. But what can be lea rn ed  about the manner o f  

o ccu rren ce  o f  petroleum  more than j u s t i f i e s  the undertak ing o f  g e o lo g ic  

and g e o p h y s ica l surveys f o r  s e le c t in g  the p la ce s  where t o  d r i l l .

Petroleum  d e p o s its  vary g r e a t ly  in  s iz e  o f  the  accu m u la tion , q u a lity  

o f  th e p etro leu m , p ro p o r t io n s  o f  o i l  and g a s , and g e o lo g ic  fa c t o r s  con ­

t r o l l i n g  each accu m u lation . The h is t o r y  o f  petroleum  e x p lo r a t io n  con ­
s i s t s  o f  p e r io d s  o f  expansion  fo l lo w in g  some p rev iou s  model o f  o c c u r ­
r e n c e , what i s  c a l le d  a p la y , fo llo w e d  by p e r io d s  o f  f r u s t r a t in g  la ck  o f  
s u c c e s s ,  and then the in tr o d u c t io n  o f  a new s u c c e s s fu l  m odel. Because 

o f  t h is  i t  i s  extrem ely  d i f f i c u l t  t o  p r e d ic t  the u ltim ate  re c o v e ra b le  

amounts o f  o i l  from the ea rth . Each o v e r a l l  p r e d ic t io n  sp r in g s  fo r th  

from p a st e x p e r ie n c e s , and dares t o  tre a d  in to  new h y p oth es is  on ly  cau­

t io u s ly  .
The e x p lo r a t io n  p roceed s  from re co n n a issa n ce , t o  r e g io n a l ,  t o  d e ta ile d  

p h a se s . In the r e g io n a l a p p ra isa l some o f  the main fa c t o r s  taken in t o  con ­

s id e r a t io n  a re : area o f  sedim entary b a s in  o r  g e o s y n c lin e , maximum th ick n e ss

o f  th e  sedim entary colum n, type  o f  sed im en ts, e x is te n c e  o f  s t r u c tu r a l  and

PETROLEUM
I
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s t r a t ig r a p h ie  t r a p s ,  and i d e n t i f i c a t i o n  o f  fa v o u ra b le  m igra tion  and en - 

, trapmqnt. c o n d it io n s  f o r  petro leu m . The d e t a i le d  e x p lo r a t io n  aims a t  the 

ra th e r  a ccu ra te  l o c a t io n  o f  w ild c a t  w e lls  on lo c a t io n s  judged  the most 

fa v ou ra b le  f o r  the d is co v e r y  o f  an o i l  o r  gas d e p o s it .

As the e x p lo r a t io n  p roceed s  one must m odify  e a r l i e r  p ic tu r e s  w ith  

the new in form a tion  o b ta in e d , r e a s s e s s  the s i t u a t io n ,  p lan  th e  next 

move, and do t h is  re p e a te d ly  u n t i l  the  o p e ra to r  d e c id e s  t o  q u it  o r  f i ­

n a l ly  su cce e d s . The c o m p le x it ie s  o f  t h is  game can be a p p re c ia te d  by the 

many in sta n ces  when an o p e ra to r  q u its  an area  t o  be fo llo w e d  by someone 

e ls e  w ith  a d i f f e r e n t  con cep t who s u c c e e d s .

M icroeconom ics o f  th e  petroleum  in d u s tr y . C on ven tion al f in a n c ia l  

statem ents are o f  l im ite d  va lu e  f o r  a s s e s s in g  th e problem s o f  the p e t r o ­

leum in d u stry  as a w h o le , o r  the f in a n c ia l  p o stu re  o f  in d iv id u a l com­
p a n ie s . This i s  m ainly because such statem ents do n ot e x p l i c i t l y  d i s ­

c lo s e  some very  im portant i s s u e s . Those statem ents which are p u b lish ed  

are prepared  m ostly  f o r  income ta x  and s to ck h o ld e r  p u rp o se s , in  the man­

n er th a t i s  usual f o r  b u s in ess  c o r p o r a t io n s . U ndoubtedly, petroleum  

companies can t r a c e  very  w e ll  t h e i r  own f in a n c ia l  o p e r a t io n s , but because 

o f  co m p e tit iv e  co n s id e r a t io n s  th ey  may be u n w illin g  t o  d is c lo s e  in  f u l l  

t h e ir  f in a n c ia l  and re se rv e  p o s i t i o n s .
The m ajor fa c t o r s  th at need t o  be taken in to  co n s id e r a t io n  t o  p ro p e r ly  

understand the f in a n c ia l  is su e s  a re : s t a t i s t i c a l  r is k  o f  petroleum

e x p lo r a t io n , d is c r e t io n a r y  d e c is io n s  about the d is t r ib u t io n  o f  r e in v e s te d  
earn in gs among the d i f f e r e n t  phases o f  e x p lo r a t io n  and developm ent, de­

p le t io n  a llo w a n ce , and expen sin g  versu s c a p i t a l i z a t io n  c h o ic e s .

I t  i s  p rop er  t o  ask s e v e r a l  q u e s t io n s . How c r i t i c a l  i s  the ta x  en­

vironm ent f o r  the f in a n c ia l  and o p e ra tin g  p o l i c i e s  o f  the  in d u stry?
P ast e x p erien ce  in d ic a te s  th a t  charges f o r  d e p r e c ia t io n , d e p le t io n ,  and 
o th e r  re tire m e n ts  re p re se n t a s iz a b le  p ercen tage  o f  g ross  incom e. Should 
th e bu lk  o f  c a p i t a l  f o r  expansion  con tin u e  t o  be p rov id ed  from r e in v e s ­

ted  q a rn in g s , o r  shou ld  the in d u stry  r e s o r t  more t o  o u ts id e  fin a n c in g ?

How does the in d u stry  use th e  d i f f e r e n t  s ta tu to r y  c h o ic e s  con cern in g  

the expensing  o r  c a p i t a l i z in g  o f  c e r ta in  item s o f  c o s t ?  Which i s  the



1 2

mechanism u sed , on the a vera ge , t o  e s ta b l is h  the d e p le t io n  a llow an ce? 

Which has been the predom inant f in a n c ia l  p o l i c y  o f  the in d u stry  -  e ith e r  
t o  maximize cu rren t p r o f i t s ,  t o  maximize re tu rn  on n et w orth , t o  maxi­

mize p resen t va lu e o f  fu tu re  e a rn in g s , t o  m inim ize the fe d e r a l  ta x  b i l l ,  

o r  t o  maximize ta x  d e d u c t io n s , f o r  in sta n ce?

C om p lex ities  o f  th e  petroleum  in d u s try .

(1 )  In com parison t o  most o th e r  in d u s t r ia l  u n d erta k in g s , petroleum  

e x p lo r a t io n  i s  a very  r is k y  b u s in e s s . In f a c t ,  i t  i s  in  th e nature o f  

a game r e q u ir in g  judgment o f  s t a t i s t i c a l  r i s k s .

(2 )  Because o f  the nature o f  petroleum  e x p lo r a t io n  and developm ent, 

an a p p re c ia b le  lea d  tim e i s  re q u ire d  between a d e c is io n  t o  search  f o r  
new resei-’ves and the a c tu a l b r in g in g  in  o f  p ro d u ctio n  from  the f i e l d s  

e v e n tu a lly  d is c o v e r e d . This lea d  tim e i s  a t p resen t on the o rd er  o f  a 

minimum o f  th re e  t o  f i v e  y e a r s .

(3 )  In many co u n tr ie s  th e petroleum  in d u s tr y ’ s tax  environm ent i s  

q u ite  u n iqu e , and s ig n i f i c a n t ly  c o n d it io n s  i t s  f in a n c ia l  and op e ra tin g  

p o l i c i e s .  A s p e c ia l  ta x  treatm ent has been g iven  t o  the in d u s try , as 

w e ll  as t o  o th e r  in d u s tr ie s  th a t e x p lo i t  w astin g  a s s e t s .

The d e p le t io n  a llo w a n ce , as a p p lie d  f o r  in sta n ce  in  th e U nited S ta te s , 

i s  an in t e r lo c k in g  s e t  o f  r u le s ,  which cannot be e a s i ly  comprehended by 

mere v e rb a l d is c u s s io n s . I t  in v o lv e s  c o s t  d e p le t io n  and percen tage  de­

p le t io n  w ith in  the con te x t  o f  v a r io u s  a lte r n a t iv e  c h o ic e s  and w ith l im it s  
which a ct  as c u t o f f  p o i n t s . A fu r th e r  co m p lica tio n  i s  th a t the d e p le t io n  
c a lc u la t io n  has t o  be handled se p a ra te ly  f o r  each o i l  p r o p e r ty . A ggregate 

d a ta , t h e r e fo r e ,  can g iv e  a t b e s t  on ly  a fu zzy  average o f  what a c tu a lly  

happens -  th a t i s , how the d e p le t io n  i s  handled in  the v a r io u s  p r o p e r t ie s  

h e ld  by a p a r t ic u la r  company.

A side from the d e p le t io n  a llo w a n ce , th ere  i s  a fu r th e r  p r e f e r e n t ia l  
treatm ent in  the manner o f  c h o ic e s ,  a t the  d is c r e t io n  o f  each company, 
as whether t o  expense o r  c a p i t a l i z e  c e r ta in  ex p e n d itu re s . These c h o ic e s  
b ea r  upon the flo w  o f  funds and the ta x  b i l l ,  and they  in t e r a c t  w ith  the 
d e p le t io n  a llow an ce c a l c u la t i o n s .

(M-) Another im portant is su e  in  the f in a n c ia l  o p e ra t io n  o f  a petroleum

i _________________________________
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company i s  the r e a l lo c a t io n  o f  r e in v e s te d  earn in gs among the d i f f e r e n t  

fa c e t s  o f  e x p lo r a t io n  and developm ent. A company may in cr e a s e  i t s  p e t r o ­

leum re se rv e s  by buying proven  a cre a g e , i t  may ch oose  t o  le a s e  new la n d s , 

o r  i t  may u t i l i z e  o r  develop  secondary  re c o v e ry  tech n iq u es  on i t s  own 

land o r  ca rry  out v a r io u s  g e o lo g ic a l  and g e o p h y s ica l surveys in  lands 
under i t s  c o n t r o l .  Some o f  th e  e x p lo r a t io n  p ro s p e c ts  may be d r i l l e d ,  

and may tu rn  ou t t o  be dry h o l e s . Others may r e s u l t  in  d is c o v e r y  w e lls  

which may be implemented by developm ent e f f o r t . The many d is c r e t io n a r y  

c h o ic e s  in t e r a c t  w ith  each o th e r . They have d i f f e r e n t  lea d  t im es .

(5 )  Consumption o f  petroleu m  p rod u cts  i s  v ery  s e n s it iv e  t o  and 

c l o s e ly  p a r a l le l s  th e  b u s in ess  c y c l e . Thus the petroleum  in d u stry  must 

adapt i t s  r a te  o f  o p e ra t io n  t o  a c y c le  co n d it io n e d  by the o v e r a l l  dyna­

m ics o f  the econom y, which i s  u n re la ted  t o  the s t a t i s t i c a l  f lu c tu a t io n s  

o f  newly d is co v e r e d  petroleum  re se rv e s  and t o  the lea d  tim e between ex ­

p lo r a t io n  and p r o d u c t io n .

In some co u n tr ie s  a unique ta x  environm ent has perm itted  the in d u s­

t r y  t o  r id e  th e ups and downs o f  the b u s in ess  c y c l e ,  y e t  p ro v id in g  funds 

f o r  expansion  w ith  adequate a n t ic ip a t io n .  On the o th e r  hand, i f  the 

volume o f  r e in v e s te d  funds were t o  vary in v e r s e ly  w ith  th e b u sin ess  c y c le  

then th e f in a n c ia l  and o p e r a t in g  p o s i t io n  o f  th e  in d u stry  might be thrown 
out o f  k e l t e r  by  th e  b u s in ess  c y c le .  D esp ite  the f a c t  th a t  the la s t  
b u s in ess  f lu c tu a t io n s  o f  the  economy have been r e l a t i v e l y  sm all and t h e ir  

p e r io d  has sh orten ed  t o  two t o  th re e  y e a r s , p a s t  h is t o r y  in d ic a te s  th a t 

th e  c y c le  has a p e r io d  o f  about f i v e  y e a r s , which i s  about the same as 

the lea d  tim e o f  petroleum  e x p lo r a t io n  w ith  r e s p e c t  t o  developm ent.

That i s , in  a p e r io d  o f  r e c e s s io n  the petroleum  in d u stry  might f in d  i t ­

s e l f  w ith  reduced fu n ds. This would f o r c e  a r e d u c t io n  in  the e x p lo r a t io n  

e f f o r t ,  which would be r e f l e c t e d  about f i v e  y ea rs  la t e r  in  reduced  produc 
t io n  'a t the tim e o f  another r e c e s s io n .
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On thé A p p ra isa l o f  Petroleum  R esources

The Concepts o f  R esources and R eserv es. The span o f  the v a riou s  r e ­

sou rce  and re se rv e  terms f o r  o i l  are shown in  F ig . 1 . The s itu a t io n  f o r  

gas i s  s im ila r .

F ir s t  we have the i n i t i a l  o i l  in  p la ce  (O IP ), th a t i s  the amount 

p r io r  t o  any e x p lo i t a t io n  which i s  t o  be found in  u n d iscov ered  and d i s ­

cov ered  f i e l d s .  O b v iou s ly , the OIP i s  d i f f i c u l t  t o  e s t im a te . As t o  the 

u n d iscov ered  (unknown) f i e l d s ,  an estim ate  has t o  be made based  on the 

d is co v e r e d  (known) f i e l d s .  This would be a l l  r ig h t  i f  the unknown f i e l d s  

were o f  s im ila r  c h a r a c t e r is t i c s  t o  the known f i e l d s ,  o r  i f  b oth  would 
form a rea son a b le  s t a t i s t i c a l  p o p u la t io n . However, a c tu a l e x p lo r a t io n  

shows th a t o fte n  a c e r ta in  d is c o v e r y  a l t e r s  the con cep t o f  the petroleum  

accum ulations t o  be found in  a g iven  a rea . P r o je c t io n s  from an o ld  

model become o b s o le t e .  The l o g i c a l  d i f f i c u l t y  i s  hard t o  overcom e. P er­

haps the b e s t  we can hope w ith  r e s p e c t  t o  the OIP va lu e i s  t o  s e t  low er 

bounds f o r  i t ,  and t o  r a is e  th e low er bound whenever w ider know­

led g e  about the petroleum  g e o lo g y  o f  the  re g io n  con s id ered  j u s t i f i e s  i t .

Second comes th e con cept o f  r e c o v e r a b le  r e s o u r c e s , th a t  i s  the amount 

o f  o i l  which can be r e c o v e r e d , w ith in  t e c h n o lo g ic a l  and econom ic l im i t s ,  

both  from  u n d iscov ered  and d is co v e r e d  f i e l d s .  This i s  o fv en  denoted as 

the E stim ated U ltim ate R ecovery (EUR). The r e la t iv e  amount o f  o i l  which 

i s  r e c o v e r a b le  v a r ie s  g r e a t ly ,  and has n ot been w e ll  e s ta b lis h e d  on a 
w orldw ide b a s is .  At the moment a f ig u r e  o f  40 p ercen t p rob a b ly  rep re se n ts  
a ta r g e t  f ig u r e  f o r  . r e c o v e r y . With modern p rod u ction  p r a c t ic e s  prim ary 

and secon dary  methods have become w e ll  in te g ra te d  and a sharp d is t in c t io n  

i s  n ot j u s t i f i a b l e .  How much o i l  s t i l l  remains in  the ground even a f t e r  

the b e s t  p rod u ction  p r a c t ic e s  i s  not r e a l l y  known. Perhaps the re co v e ry  

can be as high as 80 p ercen t o f  the  o i l  in  p la c e . Another fa c t o r  th a t 

c o n d it io n s  the amount o f  re c o v e ra b le  re so u rce s  i s  the econom ic l im it s .  

These w i l l  change w ith  t im e , so  the fo r e c a s t  o f  the r e c o v e r a b le  re so u rce s  
sh ou ld  vary w ith  th e  tim e span o f  the f o r e c a s t .

Third  comes the con cep t o f  cum ulative p a st p r o c u c t io n , th a t i s  the  

t o t a l  o i l  which has been produced from the d is co v e r e d  f i e l d s .  I t  i s
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the f ig u r e  th a t can be a s ce r ta in e d  more r e a d i ly .

Fourth comes the con cep t o f  proven re se rv e s  ( R i ) .  Proved r e s e r v e s ,  

d es ign a ted  here as R j , are d e fin e d  as th e amounts o f  petroleum  which can 
be con s id e re d  f o r  c e r ta in  t o  be p ro d u c ib le  from ex p lo re d  acreage w ith in  

p resen t econom ic and t e c h n o lo g ic a l  l i m i t s . To convey a q u a l i t a t iv e  sense 

t o  the above d e f in i t io n  I would say th a t  in  known f i e l d s  the amounts o f  

petroleum  th a t can be ob ta in ed  w ith  c e r t a in t y ,  say h ig h er than a 90 p e r ­

cen t p r o b a b i l i t y ,  can be estim ated  w ith in  +. 25 p ercen t o r  s o .  The main 

u n ce r ta in ty  in  t h is  e s tim a tion  p ro ce ss  would be covered  by the span o f  

th e  e r r o r  (Í . 25 p e r c e n t ) .  The increm ents o f  o i l  t o  be exp ected  from 
known f i e l d s  would f a l l  o f f  r a p id ly  below  a 90 p ercen t p r o b a b i l i t y .  

E s s e n t ia lly  then we would have a ra th e r  narrow estim a tion  d is t r ib u t io n  

fu n c t io n  f o r  the proved  re s e r v e s  -  the  e stim a tion  o f  th e magnitude o f  a 

q u a n tity  which i s  known t o  e x i s t .

F ifth  comes the con cep t o f  expanded proven  re se rv e s  (P 2 ) and which 

re p re se n ts  the exp ected  amounts, in  a s t a t i s t i c a l  s e n se , o f  o i l  from 

r e v is io n s  and e x ten s ion s  o f  d is co v e re d  f i e l d s .  We d ea l here w ith  a 

d i f f e r e n t  k ind o f  u n ce r ta in ty : th e  sp e cu la t io n  th a t some petroleum  may
e x is t  beyond the known p a rts  o f  f i e l d s  and as ex ten sion s  o f  them. For 
most o f  the non-OPEC d ev e lop in g  co u n tr ie s  I can make the fo l lo w in g  gen­

e r a l i z a t i o n .  An a d d it io n a l  q u a n tity  equal t o  the proven re s e r v e s  can 

be ob ta in ed  w ith  p r o b a b i l i t y  0 .8 ,  and another equ al a d d it io n a l  q u a n tity  

w ith p r o b a b i l i t y  0 .5 .  Hence the exp ected  va lu e  o f  the expanded proven  

r e s e r v e s ,  d es ign a ted  here as R2 , would be (1  + 0 .8  + 0 .5 )R j = 2 .3  Rj .
The re c o v e ra b le  petroleum  th at w ith  c e r ta in ty  can be sa id  t o  have 

been found so  fa r  in  a g iven  cou n try  i s  the sum o f  the cum ulative p lu s  

the proven  r e s e r v e s . The exp ected  va lue from d is co v e re d  f i e l d s  i s  some­
what la r g e r .  For t h is  purpose I have in trod u ced  the con cep t o f  EVRD = 

Expected Value o f  R ecoverab le  D is c o v e r ie s ,  d e fin e d  as

EVRD = cum ulative p rod u ction  + expanded proven  re s e r v e s  (R 2 ) .

F in a l ly ,  th e  d i f fe r e n c e  between the ’ re c o v e ra b le  r e s o u r c e s ' and the 
sum (cu m u lative  p rod u ction  + expanded proved r e s e r v e s )  i s  the u n d is­

covered  re c o v e ra b le  re so u rce s  (R 3 ) .  Hence an estim a tion  o f  R3 in v o lv e s  

an est im a tio n  o f  the r e c o v e ra b le  r e s o u r c e s .
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On how to  a p p ra ise  the petroleum  re so u rce  b a se . The is su e  u n d erly ­

in g  the sudden in cre a se  o f  o i l  p r ic e s  i s  a wide r e a l i z a t io n  th a t  the 

petroleum  re so u rce s  would be d e p le te d  w ith in  a few d eca d es . Yet how to  

ap p ra ise  th e  ex ten t o f  the rem aining petroleu m  re so u rce s  i s  a sou rce  o f  

c o n fu s io n . For lon g -ran ge  econom ic p lan n in g  i t  would be u s e fu l  t o  have 

ra th e r  a ccu ra te  estim ates  o f  the  t o t a l  amount o f  r e c o v e r a b le  o i l  in  a 

g iven  co u n try . But because o f  the ra th e r  s c a t te r e d  occu rren ce  o f  p e t r o ­
leum d e p o s its  and o f  t e c h n o lo g ic a l  l im it s  o f  the search  tech n iq u es  i t  

i s  not p r a c t i c a l  n or p o s s ib le  t o  d is c o v e r  ahead o f  developm ent a l l  the 

f i e l d s  in  the rem aining r e s o u r c e s .

T h e r e fo r e , t o  app ra ise  the lon g -ra n g e  supply  o f  o i l  and gas we need 
to  go beyond mere p r o je c t io n s  from p re se n t tre n d s . F i r s t ,  one shou ld  

estim ate  the magnitude o f  the re so u rce  b a s e , re g a rd le s s  o f  econom ics 

and u n ce r ta in ty  o f  d is c o v e r y . Then one shou ld  su b d iv id e  the re so u rce  

base a cco rd in g  t o  v a r io u s  in te r v a ls  o f  u n it  c o s t s ,  in  in cr e a s in g  o rd e r  

from p re se n t l e v e l s . Future t e c h n o lo g ic a l  developm ents o r  changed mar­

k e t c o n d it io n s  would a llow  the e x p lo i t a t io n  o f  c e r ta in  re so u rce s  which 

c u r re n t ly  are u n econ om ica l. S e co n d ly , the re s o u r ce  base shou ld  be sub­

d iv id e d  a cco rd in g  t o  c e r ta in ty  o f  o c c u rre n c e . Improvement o f  e x p lo ra ­
t io n  tech n iq u es  and in c r e a s in g  knowledge o f  a c tu a l g e o lo g ic  c o n d it io n s  
would a llow  in co r p o ra t in g  in t o  the a v a ila b le  supply  some re so u rce s  whose 

e x is te n c e  now i s  co n s id e re d  u n ce r ta in . Such a con cep tu a l framework f o r  

the lon g -ra n g e  a p p ra is a l o f  re so u rce s  has a lrea d y  been prop osed  by 

McKelvey (1 9 7 2 )* . I t  p ro v id e s  a much more m eaningful b a s is  f o r  lo n g - 
range fo r e c a s t s  than b e f o r e .

The language o f  m athem atical s t a t i s t i c s  i s  re q u ire d  t o  d e f in e  more 

r ig o r o u s ly  the problem  o f  a p p ra isa l o f  petroleum  r e s o u r c e s . The r e c o v e r ­
ab le  r e s e r v e s  f o r  one f u l l y  developed  o i l  f i e l d  can be estim ated  w ith  a 
r e la t i v e ly  g rea t a ccu ra cy , (sa y  w ith in  25 p e r c e n t ) ;  bu t the e s tim a tion  

f o r  a new f i e l d ,  a petroleum  d i s t r i c t ,  a sedim entary b a s in ,  one n a t io n , 
o r  the earth  are e x e r c is e s  o f  in c r e a s in g  d i f f i c u l t y ,  and w ith  co r re sp o n ­
d in g ly  w ider ranges o f  u n c e r ta in ty . A few b a s i c a l ly  o r ig in a l  estim ates  

have been made o f  the w orld  petroleum  r e s o u r c e s , bu t th ere  i s  a v a st

M cKelvey, V. E . ,  1972, M ineral re so u rce  estim ates  and p u b lic  p o l i c y :
Am. S c i e n t i s t ,  v . 60 , n o . 1 , p . 3 2 -40 .
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• amount, o f  p u b lish ed  data  which in  f a c t  amounts t o  " r e g u r g it a t io n s "  o f  

' somebody e l s e 's  d a ta , o r  somebody e l s e ’ s r e g u r g ita t io n s  o f  somebody 
e l s e ' s ,  e t c .

To ca rry  the a n a ly s is  a s tep  fu r th e r  one can pose th e q u estion  o f  

whether th e amount o f  re c o v e ra b le  o i l  and gas o f  a g iven  p a rt o f  a re g io n  

cou ld  be o f  a g iven  m agnitude. The answer can be g iven  on ly  in  p r o b a b i l i s ­

t i c  term s. That i s ,  we are fa ce d  here w ith  the a p r i o r i  p r o b a b i l i t y  

d e n s ity  fu n c t io n  o f  the r e c o v e r a b le  amount o f  petroleum  f o r  an u n d r il le d  

a rea . Such p r o b a b i l i t y  d e n s ity  fu n c t io n  i s  r e a l l y  n ot known f o r  an 

area such as the A rgentina  c o n t in e n ta l s h e l f ,  and i t  can on ly  be surm ised.

C on cep tu a lly , a t a g iven  tim e one coü ld  f i r s t  c l a s s i f y  the rem aining 
re so u rce s  R as t o  the p r o b a b i l i t y  o f  b e in g  found w ith  con tin u ed  e x p lo ra ­

t i o n .  This p r o b a b i l i t y ,  say p ,  can be con s id ered  t o  be the prod u ct o f  

th e p r o b a b i l i t y  o f  e x is te n c e  o f  a f i e l d  and o f  the p r o b a b i l i t y  o f  a c tu ­

a l ly  lo c a t in g  the u n d iscovered  f ie ld *  The re so u rce s  th a t a t a g iven  

tim e we know w ith  c e r ta in ty  i s  a c e r ta in  amount. N ext, we cou ld  con ­

s id e r  the re s o u r ce s  having  a p r o b a b i l i t y  o f  e v e n tu a lly  b e in g  found equal 

o r  g r e a te r  than 80 p ercen t but sm a ller  than 100 ( c e r t a in t y ) .  In th is  

manner one cou ld  c o n c e p tu a lly  p roceed  t o  c l a s s i f y  the u n d iscovered  r e ­

sou rces  as in crem en tal q u a n t it ie s  dR co rresp on d in g  t o  ranges o f  the 

p r o b a b i l i t y  p ,  down t o  some low va lu e o f  the p r o b a b i l i t y ,  say 5 t o  .10 
p e r c e n t . The re so u rce  b a s e , say B, cou ld  be d e fin e d  as the exp ected  

va lu e o f  the r e s o u r c e s , th a t i s  the in te g r a t io n  o f  the in crem en ta l r e ­
sou rce  amounts m u lt ip lie d  by the p r o b a b i l i t y  c f  f in d in g  them, th a t i s

R = p dR.
Upon th is  f i r s t  c l a s s i f i c a t i o n  scheme we have now t o  impose the con ­

s t r a in t s  th a t r e s u l t  from econ om ics. Only a f r a c t io n  o f  the segment o f  

re so u rce s  w ith in  a c e r ta in  p r o b a b i l i t y  rajige can be con s id ered  t o  be 
e co n o m ica lly  r e c o v e r a b le ,  as p er  the c o n d it io n s  at the tim e when the a s ­

sessm ent i s  made. In the fu tu re  the econom ic l im it s  shou ld  w iden , a l ­
though n ot n e c e s s a r i ly  s o ,  thus p erm itt in g  a la r g e r  p ro p o r t io n  o f  each 

segment to  be e x p lo i t a b le .
M oreover, i t  would seem th a t  the a p r io r i  p r o b a b i l i t y  d e n s ity  fu n c t io n
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i s  not narrow , and would d e f in i t e ly  f a l l  o f f  on ly  beyond the la r g e s t  

co n ce iv a b le  s iz e  o f  the r e c o v e r a b le  amount o f  petro leu m . That i s ,  the 

p r o b a b i l i t y  d e n s ity  corresp on d in g  t o  a very  sm all s i z e  o f  the r e c o v e r ­

ab le  o i l ,  o r  g a s , i s  s ig n i f i c a n t  and d i f f e r e n t  from  z e r o . S im ila r ly , 
the  p r o b a b i l i t y  d e n s ity  f o r ,  l e t  us s a y , an amount o f  r e c o v e r a b le  o i l  

com parable on a u n it  area b a s is  t o  a g iven  known o i l  b a s in  i s  s i g n i f i ­

cant and d i f f e r e n t  from z e r o . As we do n ot know the shape o f  th is  

p r o b a b i l i t y  d e n s ity  fu n c t io n  and as i t  appears to  be q u ite  b ro a d , i t  

i s  n ot p rop er  t o  g iv e  on ly  one va lu e  f o r  the amount o f  r e c o v e ra b le  o i l  

o r  g a s , nor to  ex p ect th a t i t s  standard d e v ia t io n  i s  a sm all f r a c t io n  

o f  th e  magnitude o f  the re c o v e ra b le  amount. As a f i r s t  approxim ation  

a u n iform , o r  f l a t ,  p r o b a b i l i t y  d e n s ity  fu n c t io n  cou ld  be taken f o r  the 

petroleum  estim ates  o f  an u n exp lored  a rea . To g iv e  one f ig u r e  f o r  the 

petroleum  re so u rce s  o f  an u n exp lored  area  seems t o  be a f u t i l e  under­
ta k in g .

Although the above scheme might appear t o  be co n ce p tu a lly  c l e a r ,  

i t  i s  o p e r a t io n a lly  very  d i f f i c u l t .  Below a c e r ta in  u n ce r ta in ty  v a lu e , 

say 60 p e r c e n t , the s i t u a t io n  becomes h ig h ly  s p e c u la t iv e .  There i s  

very  l i t t l e  b a s is  on which t o  co n s tr u c t  the a c tu a l scheme. And y e t  the 

la r g e s t  exp ected  c o n tr ib u t io n s  t o  E sh ou ld  come from re so u rce s  w ith  low 

p r o b a b i l i t i e s  o f  e v e n tu a lly  b e in g  fou n d . However, one cou ld  s t r iv e  to  
g ra d u a lly  p e r f e c t  such a p i c t u r e ,  co n s id e r in g  the p a st re c o rd  o f  d i s ­

covery  as a b a s is  f o r  e s t im a tin g  param eters o f  t h e o r e t i c a l  s t a t i s t i c a l  
m odels .

Perhaps one o f  the most p erv erse  e f f e c t s  o r  the con cep tu a l d i f f i ­

c u l t i e s  o f  petroleum  re so u rce  assessm ent i s  the  accu racy  d e lu s io n . By 

th a t I mean the m iscon cep tion  th a t p u b lish ed  f ig u r e s  f o r  u n d iscovered  
re so u rce s  have a somewhat narrow d is t r ib u t io n  fu n c t io n . That i s ,  th a t 

the p o s s ib le  va lu es  form a gaussian  d is t r ib u t io n  about the p u b lish ed  

f ig u r e  w ith not t o o  g rea t a standard d e v ia t io n , say 20 p e rc e n t . For new 

t r a c t s  o f  t e r r i t o r y ,  as e x e m p lifie d  by  th e co n t in e n ta l  s h e lv e s ,  i t  i s  
n ot p o s s ib le  y e t  t o  p rov id e  such a gaussian  d i s t r ib u t io n .  A team o f  

company s p e c ia l i s t s  might agree among them selves on a "most p ro b a b le "  

v a lu e , but from team t o  team the "most p rob a b le  v a lu e "  w i l l  be found to
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1 vary s u b s t a n t ia l ly .  The wide s c a t t e r  observed  in  b id s  f o r  o f fs h o r e  
petroleum  le a se s  can w e ll  be a t t r ib u te d  t o  t h is  e f f e c t .

A b e t t e r  approxim ation  t o  th e  u n d erly in g  u n ce rta in ty  fu n c t io n  o f  

re so u rce  estim ates  than the gaussian  curve o f  the a ccu racy  d e lu s io n  i s  

a m od ified  uniform  d is t r ib u t io n  fu n c t io n . I t  would extend w ith  uniform  

p r o b a b i l i t y  from zero  up to  a re so u rce  amount somewhat g re a te r  than an 

amount corresp on d in g  to  the r i c h e s t  known s im ila r  t r a c t  e lsew h ere , and 

then would drop r a p id ly  t o  ze ro  p r o b a b i l i t y  f o r  la r g e r  re so u rce  amounts. 

By analogy w ith  o th e r  t r a c t s  and from knowledge on a d jo in in g  areas one 

might j u s t i f y  m od ify in g  th e uniform  d is t r ib u t io n  on the low s id e  a l s o ,  

th a t i s  t o  drop q u ick ly  t o  ze ro  p r o b a b i l i t y  f o r  re so u rce  amounts sm al­

l e r  than a c e r ta in  amount.

To a p p ra ise  the petroleum  re so u rce  p o t e n t ia l  o f  new t r a c t s  o f  t e r r i ­

t o r y  one sh ou ld  co n s id e r  the b a s ic  scheme (T able  7 ) which u n d e r lie s  p e tro  

leum re so u rce  e x p lo r a t io n  and developm ent. A fte r  the sedim entary b a s in s  
have been id e n t i f i e d ,  a p r e - d r i l l in g  p o t e n t ia l  estim ate  i s  made based on 

fa c t o r s  such a s : a re a , maximum th ick n e ss  o f  sed im en ts , typ e  o f  sedim ents

e x is te n c e  o f  s t r u c tu r a l  t r a p s ,  e x is te n c e  o f  s t r a t ig r a p h ie  t r a p s ,  re co n ­

s t r u c t io n  o f  g e o lo g ic  h i s t o r y ,  o ccu rren ce  o f  o i l  and gas s e e p s , a d jo in ­

in g  petroleum  p r o v in c e s .

The estim ated  magnitude o f  the re so u rce  b a s e , and i t s  s u b d iv is io n  
a cco rd in g  t o  econom ics and degree o f  u n ce r ta in ty  in  f in d in g  s e ts  ta r g e ts  
f o r  lon g -ra n g e  petroleum  e x p lo r a t io n . In t h is  we are not r e s t r i c t e d  t o  

th e h igh  degree o f  c e r ta in ty  re q u ire d  by sh o rt-ra n g e  c o n s id e r a t io n s .
This i s  because in  th e e x p lo r a t io n  o f  la rg e  unknonn areas the p lo t  un­

fo ld s  as th e  e x p lo r a t io n  p ro ce e d s .
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STAGES IN PETROLEUM RESOURCE DEVELOPMENT 

G e o lo g ic a l arid G eoph ysica l E x p lo ra tion

E x isten ce  o f  Sedim éntáry B asins Yes No -* Oüt
*

P r e -d r i l l in g  In form a tion :

Area o f  b a s in s

Maximum th ick n e sse s  sedim ents 

Type o f  sedim ents 

E x is ten ce  o f  s t r u c tu r a l  tra p s  
"  o f  s t r a t ig r a p h ie  tra p s

R e co n stru ctio n  o f  g e o lo g ic  h is t o r y  
O il o r  gas seeps 

Adj o in in g  petroleu m  p rov in ce s

P r e - d r i l l in g  P o te r it ia l -*■

E x p lora tory  D r i l l in g  Campaign

P o s t - d r i l l in g  E stim ate o f  Petroleum  P o te n t ia l  -*■

Further G e o lo g ic a l  arid G eop h ysica l WorK 

Further D r i l l in g  

Development o f  O il P o te n t ia l

T able <7
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The D r i l l in g  F inding R ate. The d e n s ity  o f  d r i l l i n g ,  th a t i s  the 

number o f  w e lls  d r i l l e d  p er  square m ile  o f  p r o s p e c t iv e  a re a , i s  a u se ­
f u l  in d ic a t o r  o f  what needs t o  be done in  young petroleum  p r o v in c e s , 

as in  most o f  L atin  Am erica. Because o f  t h is  i t  i s  n ecessa ry  t o  rev iew  

the r e la t io n s h ip  between w e lls  d r i l l e d  and petroleum  found . T o ta l f o o t ­
age i s  a measure o f  th e  amount o f  d r i l l i n g .

A common assum ption i s  th a t the average amount o f  proven re se rv e  

found each yea r i s  p r o p o r t io n a l  t o  th e  amount o f  d r i l l i n g  in  th a t y e a r . 

M oreover, i t  i s  g e n e ra lly  assumed th a t t h is  f in d in g  r a t e ,  in  bb o f  o i l  
o r  MCF o f  gas p er f t . ,  d e crea ses  as the cum ulative d r i l l i n g  in c r e a s e s . 

Offhand t h is  appears t o  be a rea son a b le  assum ption .

Why should  the f in d in g  ra te  decrease  s t e a d ily  as the cum ulative 

d r i l l i n g  in cr e a se s?  I t  cannot be sim ply because the o i l  re so u rce s  in  

a re g io n  are b e in g  d e p le te d  as th e  e x p lo ra to ry  d r i l l i n g  in c r e a s e s . For 

i t  cou ld  happen th a t the f in d in g  ra te  rem ained con sta n t o r  even in crea sed  

during  most o f  the e x p lo ra to ry  phase o f  a re g io n  and then dropped r a p id ­

ly  as th e l im it s  o f  the  re so u rce  base are f i n a l l y  approached.

I t  has been cla im ed th a t  the f in d in g  r a te  sh ou ld  d ecrease  because 

the la r g e r  f i e l d s  would be d is co v e re d  f i r s t .  Of cou rse  t h is  i s  what one 

would l ik e  t o  d o , but the re c o rd  o f  e x p lo ra t io n  in  b a s in  a f t e r  b a s in  r e ­

v e a ls  th a t t h is  i s  n ot s o .  The on se t o f  g ia n t f i e l d s  occu rs  some 30 

y ea rs  a f t e r  e x p lo ra t io n  b eg in s  in  a r e g io n . And th ere  does n ot appear 
t o  be any " p ic k l in g  e f f e c t ” t o  thus j u s t i f y  a d ecrease  o f  the f in d in g  

r a t e .
Maximum depth o f  d r i l l i n g  has been in c r e a s in g  w orldw ide . For g iven  

b a s in s  and tim e la p ses  o f  10-20 years the average d r i l l i n g  depth may 

show a tren d  o f  in c r e a s e . This would in trod u ce  a d e cre a s in g  trend  o f  

the f in d in g  ra te  w ith tim e . The yea r t o  year f lu c tu a t io n s  o f  th e  f in d ­

in g  r a t e ,  how ever, can be co n s id e ra b ly  la r g e r  than the e f f e c t  p er yea r 

o f  t h is  b a s ic  tre n d .
An e x p lo r a to r y  w e ll  aims at a very  s p e c i f i c  t a r g e t ,  which has been 

s e le c t e d  among u n d r il le d  u n recogn ized  ta r g e ts  on the b a s is  o f  p r io r  data  
ob ta in ed  in  a re g io n  p lu s  the s p e c i f i c  g e o lo g ic a l  and g e o p h y s ica l surveys
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in  the p a r t ic u la r  p r o s p e c t .  The v a riou s  ta r g e ts  th a t  e x is t  in  the b a s in  

' may bé c a te g o r iz e d  in  v a riou s  groups -  such as fo ld e d  a n t i c l i n e s , fa u l t  

t r a p s , r e e f s ,  domes o v er  s à l t  domes, p in ch  o u t s ,  e t c .  M oreover the 

g e o lo g ic  d e f in i t io n  o f  the ta r g e ts  in  each group cou ld  be q u ite  s p e c i f i c .

When the petroleum  in d u stry  in  a g iven  b a s in  i s  pursu ing  a g iven  

'p la y ' in  f a c t  i t  would be running a f t e r  ta r g e ts  in  one o f  th ese  grou p s. 

Ahead o f  d r i l l i n g ,  th e  a c tu a l e x is te n c e  o f  petroleum  in  one o f  th ese  

ta r g e ts  can on ly  be a s ce r ta in e d  w ith  a c e r ta in  p r o b a b i l i t y  even a f t e r  

c o n s id e r a t io n  o f  a l l  th e  in form a tion  th a t can be e s ta b lis h e d  ahead o f  

d r i l l i n g .  One cou ld  sa y , f o r  exapple th a t one <5ut o f  fo u r  s tru c tu re s  

o f  a c e r ta in  type on a c e r ta in  p a rt o f  a b a s in  would con ta in  o i l .  More­

o v er  the magnitude o f  the accum ulation  would be e s s e n t ia l ly  determ ined 

by the group ty p e , th e  a c tu a l s i z e  b e in g  alm ost u n p r e d ic ta b le .

In t h is  manner, the s t a t i s t i c a l  su cce ss  o f  d r i l l i n g  would be about 

the same alm ost t o  the very  end o f  the p la y ,  e x ce p t  f o r  the e f f e c t  o f  

the enhancement o f  knowledge because o f  in t e r a c t io n  w ith  p r e v io u s ly  ob ­

ta in e d  d a ta . One cou ld  thus d e s c r ib e  the outcom e, in  say b a r r e ls  o f  o i l  

o r  MCF o f  gas found p er  f o o t  d r i l l e d ,  as a random sample from norm al d i s ­

t r ib u t io n ,  having a c e r ta in  mean and a c e r ta in  va r ia n ce  which c h a ra c te r ­

iz e  the p la y . When s e v e r a l  p la y s  are b e in g  pursued the outcome would 
c o n s is t  o f  random sam plings from the v a r iou s  normal d is t r ib u t io n s  c o r r e s ­

ponding t o  each group .
In none o f  th e se  m odels would th e re  be a d ecrea s in g  f in d in g  r a te  as 

a normal s i t u a t io n .  The e x p lo r a t io n  would reach  th e l im it s  o f  the r e ­

sou rce  w ith  l i t t l e  warning s ig n a ls  on th e  f in d in g  r a t e ,  and bottom  would 

be h i t  r a th e r  u n ex p ected ly .

An analogy here may h e lp  t o  v is u a l iz e  the problem . Let us suppose an 
ex p erien ced  hunter w ith  a shotgun hunting  r a b b it s  in  a la r g e  en c lo se d  

f i e l d . 1 Let us fu r th e r  assume th a t th ere  are 20 r a b b it s  i n i t i a l l y  in  the 
f i e l d ,  and th a t th e  hunter re q u ire s  th re e  sh ots  p er  r a b b i t ,  as per h is  

e a r ly  ex p erien ce  in  s im ila r  f i e l d s .  Then one would ex p ect th a t  on the 

average he w i l l  R equire th ree  sh ots  p er  r a b b it  from  the f i r s t  one he downs 

u n t i l  the very  l a s t  r a b b it .  But in  the case  o f  a s e r ie s  o f  e x p lo ra to ry
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w e lls  in  a g iven  re g io n  the aim cou ld  im prove. This i s  because o f  the 

enhancement o f  the g e o lo g ic  p ic tu r e  as the data from an in c r e a s in g  num­

b e r  o f  w e lls  and e x p lo r a t io n  surveys becomes a v a i la b le .

A q u a n t ita t iv e  assessm ent o f  the r o l e  o f  a f in d in g  r a t e ,  which i s  a 

fu n c t io n  o f . t h e  cum ulative d r i l l i n g ,  r e v e a ls  th a t th e f in d in g  ra te  p la y s  
a m ajor r o le  in  d e f in in g  the supply  curve f o r  petro leu m . A d e crea s in g  

f in d in g  r a t e ,  even a m ild  l in e a r  d ecrease  w ith  cum ulative d r i l l i n g ,  im­

p oses a d e f in i t e  r o o f  (an asym p totic  v a lu e ) t o  the supply  cu rv e . No 

m atter how h igh  the p r ic e  would go th e supply  would not go above i t .

As the p r ic e  in c r e a s e s , the supply  in cre a se s  at a more and more s lu g ­

g ish  p a ce . Thus the assum ption th a t  in  gen era l the f in d in g  r a te  i s  a 

d ecrea s in g  fu n c t io n  o f  cum ulative d r i l l i n g  seems to  be s p u r io u s , su s­

ta in e d  n e ith e r  by the h i s t o r i c a l  data nor by c o n s id e r a t io n  o f  the p e t r o ­

leum search  game.
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The Impending Worldwide D ep le tion  o f  Petroleum  R esources

Some o f  the  b e s t  in form ed petroleum  re so u rce  estim ates  a v a ila b le  

are th ose  made by petroleum  companies having fa r  flu n g  a c t i v i t i e s  and 

which have m aintained e x p lo r a t io n  a c t i v i t i e s  in  many co u n tr ie s  f o r  s e ­

v e r a l  y e a r s . Such companies have had o r  ob ta in ed  a cce ss  t o  data gathered  

in  v a r iou s  e x p lo ra t io n  and developm ent campaigns in  sedim entary b a s in s  

throughout th e w orld . Some o f  th ese  companies have made i t  a p r a c t ic e  

t o  send sm all teams o f  g e o lo g is t s  t o  ga th er the data and to  sense the 

cou rse  o f  petroleum  events from tim e to  tim e so  as t o  update t h e ir  ap­

p r a is a ls  o f  th e  v a r iou s  b a s in s . These companies t r y  t o  examine a l l  ba ­

s in s  th a t may have an im pact on t h e ir  w orldw ide a c t i v i t i e s , and n ot m erely 

th ose  in  which th ey  have c a r r ie d  op era tio n s  by th em selves . Such p e t r o ­

leum reso u rce  estim ates  are th ereby  based on a c tu a l e x p lo r a t io n  d a ta , 

and not m erely on q u o ta tion s  from  p u b lish ed  l i t e r a t u r e  o r  e x tr a p o la t io n s  

from aggrega te  p u b lish ed  f i g u r e s .

A d i f f i c u l t y  i s  th a t petroleum  com panies in  th e b e s t  p o s i t io n s  to  

know have been r e lu c ta n t  t o  r e v e a l  the ex ten t o f  t h e ir  know ledge. But 

from tim e t o  tim e a com prehensive assessm ent o f  petroleum  re so u rce s  does 

appear from in s id e  one o f  th ese  com panies. As an exam ple, I would l ik e  

t o  m ention the estim ates  g iven  by K. 0 . Emery —1, and s ta te d  t o  be based 

m ainly on data gathered  by the M obil O il  Company. For the w orld  p e t r o ­

leum r e c o v e r a b le  re so u rce s  he g iv e s  the f ig u r e  o f  217 x i o 9 m e tr ic  ton  

(1 ,3 6 5  b i l l i o n  b b ) ,  a f ig u r e  which o b v io u s ly  must have a wide margin o f  
e r r o r .  But f o r  th e sake o f  argum ent, l e t  us suppose th a t we a ccep t  i t .  
Now, w orld  demand f o r  1971 was 2 .393 x i o 9 m e tr ic  t o n . I f  w orld  demand 

were t o  in cre a se  a t 5% cu m u la tive , then the above-m entioned w orld  r e c o v e r ­
a b le  re so u rce s  would be com p lete ly  exhausted by the y ea r  2008. D esp ite  

the f a c t  th a t t h is  i s  a mere e x e r c i s e , i t  does r e v e a l the ra th e r  impen­

d ing  d e p le t io n  o f  o i l  r e s o u r c e s . Even i f  the f ig u r e  f o r  w orld  r e c o v e r ­

a b le  re so u rce s  were f i v e  tim es g re a te r  than g iven  by Emery the d e p le t io n  
would be postponed on ly  t o  204-5.

Emery, K. 0 . ,  R esources o f  F o s s i l  F u e ls , r e p o r t  t o  U .S. N ation a l 
R esearch C o u n c il, J u ly  2 3 , 1973.
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On "the o th e r  hand, by rev iew in g  th e o v e r a l l  s i tu a t io n  in d ep en d en tly , 

I have a rr iv e d  at a somewhat la r g e r  w orld  p o t e n t ia l .  For t h is  I c o n s i ­

dered c e r ta in  b e s t  ex p lo re d  areas in  the w orld  as benchm arks. Thus I 

have estim ated  th a t the u ltim a te  petroleum  re co v e ry  (EUR) f o r  the w orld  

i s  between 2 ,600 t o  6 ,500  b i l l i o n  bb o f  o i l ,  and 13,000 to  34,000 t r i l ­

l io n  (th a t  i s  10*2) cu< 0;p gas> o f  th ese  amounts, about 305 b i l l i o n  

bb o f  o i l  and 741 t r i l l i o n  cu . f t .  o f  gas had been produced by the end 

o f  1973. M oreover, by a llo w in g  f o r  the even tu a l d is co v e r y  o f  M iddle 

E a s t -s iz e  accum ulations one shou ld  in cre a se  the above f ig u r e s .  The ex ­

panded re se rv e s  o f  the M iddle East are 595 b i l l i o n  bb o f  o i l  and 612

t r i l l i o n  cu . f t .  o f  g a s , and th e corresp on d in g  EUR's can be surm ised t o  

be a t most equal t o  a few tim es th ese  am ounts. Yet even w ith  the above 

la r g e r  estim ates  f o r  the w orld  EUR's one can p r e d ic t  a d e p le t io n  o f  the 

petroleum  re so u rce s  w ith in  se v e ra l decades i f  demand con tin u es  t o  grow

even a t a few p ercen t p er y e a r .



>
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LATIN AMERICA AND PETROLEUM

The O il  P r ic e  Squeeze and L atin  America

The cu rren t g rea t p u b l ic  con cern  w ith  energy is su e s  i s  caused by 

the d r a s t ic  in cre a se  o f  the  crude o i l  p r ic e s  imposed by the OPEC o rg a n i­

z a t io n  on December 23 , 1973. F .o .b .  p r ic e s  o f  M iddle East crude were 

then in cre a se d  from a l e v e l  o f  about $2.20  in  January 1973 t o  about $7.65 

p er  b a r r e l .  A fte r  co n s id e r a t io n  o f  the v a r iou s  e x c is e  ta xes  imposed by 

consumer co u n tr ie s  on o i l  p rod u cts  (g a s o lin e  ta x e s ,  im port ta x e s , o th er  

use ta x e s ) the e f f e c t i v e  c o s t  p er  b a r r e l  o f  crude to  consumer has been 
r a is e d  from a range o f  $5.70 -  $8 .9  per b a r r e l  t o  $14.85 -  $23.15 p er 

b a r r e l ,  (T able 8 ) .  The low er o f  th ese  l im it s  r e f e r s  t o  a l e v e l  o f  ex ­

c i s e  taxes  o f  3 0 -p ercen t and th e upper o f  7 0 -p e rce n t . The d r a s t ic  p r ic e  

in cre a se  demanded by th e  p rod u cin g  co u n tr ie s  and the e x is te n c e  o f  th e  
s u b s ta n t ia l  e x c is e  taxes  on consum ption are f e a s ib le  because o f  the la rg e  

consumer su rp lu s in  the demand curve f o r  petroleum  p r o d u c ts . I t  may be 

sa id  th a t the consumer c o u n t r ie s 's  e x c is e  taxes  on petroleum  prod u cts 

are an attem pt t o  preempt t h is  consumer s u r p lu s .

The schemes f o r  o i l  revenue sh arin g  adopted by o i l  e x p o rtin g  coun­

t r i e s  s ta r t s  w ith a re fe r e n c e  p r ic e  p er  b a r r e l .  E cuador, f o r  example 

(T able  9 ) ,  e s ta b lis h e d  in  January 1974 a re fe r e n c e  p r ic e  o f  $13.70 per 

b a r r e l ,  whereby i t  would c o l l e c t  as r o y a l t i e s ,  ex p ort t a x ,  income t a x ,  

and w orkers share th e amount o f  $9.55 p er  b a r r e l .  The r e s u lt in g  fo b  c o s t ,  

e x -p rod u cin g  companies p r o f i t ,  w ith t h is  scheme would be $10.06 p er b a r r e l .  
At the fo r e s e e n  r a te  o f  p r o d u c t io n , estim ated  a t 84 m il l io n  bb p er y e a r , 
E cu ador 's  t o t a l  share would be about $802 m il l io n  per y e a r .

To gauge the o i l  ba la n ce  o f  payments p o s i t io n  o f  the va riou s  L.A . 

c o u n tr ie s  one must f i r s t  co n s id e r  the n et p h y s ic a l  d e f i c i t  (o r  su rp lu s ) 

in  b a r r e ls  o f  o i l  o f  each cou n try . This p o s i t io n  f lu c tu a te s  from year 

t o  y e a r , a s id e  from tim e tre n d s .
The la t e s t  co n s o lid a te d  f ig u r e s  r e a d i ly  a v a ila b le  are f o r  1971 (T able  

1 0 ) ,  which may b,e s t i l l  in d ic a t iv e  o f  the cu rren t p o s i t i o n ,  w ith  the 
im portant ex ce p tio n  o f  Ecuador. A l l  L .A . c o u n tr ie s ,  o th e r  than V enezuela ,
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PRICE STRUCTURE OF MIDDLE EAST CRUDE, $/BARREL

(An e stim a te )

Table 8

Jan. 73
a) P rod u ction  c o s t

b )  Company p r o f i t

c ) Country "ta k e "

d ) f . o . b .  market p r ic e

e )  Tanker tra n s p o r ta t io n

f )  Impact o f  consumer
cou n try  g a s o lin e  
e x c is e  ta x es  \j

g )  E f f e c t iv e  $ /b b  on
consumer

Dec. 2 3 , 73
0.10

0 .55

1 .55

2.20 

1.20

0.10

0 .55

7.00

2 .30  -  5 .50  IJ

5.70  -  8 .90

7 .65

1.20

6 ,00  -  14.30 

14.85  -  23.15

3/

Country "take!!. . 

Consumer cou n try  ta x

1.55  

2 .30  -  5 .50

7.00  

15 -  23

U

b

A y i e ld  o f  21 g a l g a s o lin e  p er  bb crude assumed.

G aso lin e  e x c is e  r a te s  o f  30 t o  70 p ercen t assumed

P roduct p r ic e  in cre a se s  in  p ro p o rt io n  t o  crude c i f  p r ic e  assumed.



ECUADOR'S OIL REVENUE SHARING

T able 9

($/bb)
(An estimate)

Reference price (January 1974)
Production cost 0.21

Pipeline t a r if f  0.30

Royalties 2.26
Export tax 2.06

Gross revenue

Income tax 3.90

Workers Share 1.33

Companies net revenue:

Country's share:
On 84 x 106 bb/yr : $802.2

13.70

4.83
1 7 8 7

5.23
3.64

9.55
106



Table 10 

L .A . OIL EXCHANGE BALANCE, 1971

t
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M ill io n  $ ! /
O il d e f i c i t  c o u n tr ie s  x 105 bb —/  (E s t . a t $2 -  3 /b b )

B r a z il

Cuba
Mexico

C h ile

A rgentina

Peru
Uruguay

Jamaica

Ecuador

Guatemala

Panama

Dominican R ep u b lic
Nicaragua

Surinam

Guyana

El Salvador

Costa R ica

Honduras

Paraguay
H a iti

124.2 

43 .8  
24.3-

23.0

15.0

14 .5

11.6 
11.2

7 .4  

5 .7

5 .4

5 .0

3 .5

3 .3

3 .3

3 .1

3 .1

2.6 
1.6 
0.6

2/

(3 4 8 ) 
(1 3 1 .4 )

7i y

9 1 .4  11
(4 5 .0 )
(4 3 .5 )  

(3 4 .8 )
(3 2 .5 )  

(22.2)*
11.5 y  

(1 5 .7 )

(1 4 .5 )

(10.1)
. 0 .6 )

( 9 .6 )

(9 .0 )

(9 .0 )

(7 .5 )

( 4 .6 )

( 1 .7 )

312.2 $ (922 .6 m i l l io n )
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(Table 10, continued)

Oil Surplus Countries x 105 bb^-/

Venezuela

Colombia
Trinidad and Tobago 
Bolivia

1,032.9

31.4

30.4 
6.6

1,101.3

Million $ —!  

2,889.6  
72 

(85.1)

24.7 V  

$(3 ,071 .4  million)

. . .  x 789.1 $2,148 millionBalance (Positive) ------------------  — ------------

1_ /
Calculated from World Energy Supplies, United Nations,
1973, p. 16-21. Coal equivalent data reduced to m3 of 
o il  using specific gravities from S ta tistica l Yearbook 1972, 
United Nations , p . 180.

Economic Survey of Latin America -  1971, United Nations.

* Now Ecuador has an o il  surplus.
ï

Actual d efic it figu res, otherwise estimates shown within 
parenthesis.
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Ecuador', Colombia, Trinidad and Tobago, Bolivia, have a net deficit.
I . . . . .

The largest d e fic it (about 124 m illion bb) corresponded to B razil, f o l ­

lowed by Cuba (about 44n¡million bb). The accumulated d efic it of a l l  
the L.A. d e fic it countries was about 312 million bb. On the other hand, 
the accumulated surplus of the surplus countries was about 1,100 million  
bb. In 1971 the o i l  balance of payments amounted to a d efic it o f about 
$923 m illion for the d efic it countries, and to a surplus of about $3,071 
m illion for the surplus countries. So the tota l L.A. o i l  exchange bal­

ance was a surplus of about $2,148 m illion.
The situation has changed drastically by the price increases announced 

in January 1974, as shown by the following figures:

1971

19.74

Surplus: 789.1 x 106 bb crude o il

At $ 2 .80/bb

c if  value is $2,209.5 b illio n

At $ 8 .25/bb
c if  value is $6,510.1 b illio n

The L.A. surplus can now be projected at $6,510 m illion , but the d efi­
c it  of the d efic it countries would increase from about $923 m illion to 
about $2,576 m illion. The fu ll  impact of the new prices has not been 
fe lt  yet because of the delaying effect o f long-term purchase agreements. 
But as these agreements expire, the effect o f the new price structure 
w ill be severe.
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¡L atín  A m erica 's  Pétroleúm  P o te n t ia l

To ap p ra ise  the L .A. petroleum  p o t e n t ia l  we can use the fo l lo w in g  

b a s ic  f a c t o r s :
-  magnitude o f  the  p r o s p e c t iv e  a r e a s ,
-  t o t a l  number o f  w e lls  and fo o ta g e  which has been d r i l l e d ,
-  cum ulative p rod u ction  + proven  re s e r v e s  t o  d a te , and
-  com parison w ith  c e r ta in  benchmark r e g io n s .
Magnitude o f  the p r o s p e c t iv e  a r e a s . My estim ates  o f  the  sedim entary 

areas w ith  a petroleum  p o t e n t ia l  f o r  th e m ajor re g io n s  o f  th e w orld ,

and in c lu d in g  co n t in e n ta l sh e lv es  down t o  200 m d ep th , are as fo l lo w s :

(s q .  m i.)

developed  econ om ies , ex cep t USSR 7 ,916 ,000

Latin America 4 ,8 9 0 ,0 0 0  (19%)

A fr ic a  and Madagascar 4 ,722 ,000

USSR 3 ,480 ,000

S and SE A sia 2 ,993 ,000

M iddle East 1 ,2 0 0 ,0 0 0

China (M ainland) 900,000

26,101 ,000

Thus L atin  America h o ld s  about 19 p ercen t o f  the w o r ld 's  p ro s p e c ­

t i v e  area f o r  petro leu m ; y e t  i t  cu r re n t ly  produ ces on ly  9 p ercen t o f  the 

t o t a l  o i l .

The d is t r ib u t io n  o f  the p r o s p e c t iv e  acreage between the v a riou s  L atin  

American c o u n tr ie s ,  f o r  onshore and o f f s h o r e ,  i s  shown in  Table 11.
Extent o f  d r i l l i n g  f o r  petroleu m . The e x ten t o f  the  p a st d r i l l i n g  

e f f o r t  in  L atin  America up t o  1972 can be judged by the fo l lo w in g  com pari­
son :
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LATIN AMERICA’ S PETROLEUM PROSPECTIVE AREA

Table 11

P ro sp e ct iv e  area

(IO 3 sq . m i. )

Country Onshore O ffsh ore

B r a z il 1 ,480 240

A rgentina 590 215

M exico 305 170

Peru 400 9 .5

Colombia 350 26

Venezuela 141 33

B o liv ia 254 —

Paraguay 78 —

Ecuador 60 18

C h ile 58 5

N icaragua 25 28

Honduras 30 20.5

Uruguay 31 17

Guatemala 33.5 4 .8

Panama 14.5 22
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Region or country 
USA, lower 48 states 
USSR

Latin America

No. wells w ells/sq . mi.
2,222,300 1.17

-530,000 0.15

=100,000 0.02

■ Argentina, Mexico, Venezuela 
Other Latin Ameriea

59,000
=41,000

0.05
0.01

Therefore in much of Latin America the d rillin g  density is  two orders 
of magnitude smaller than what has been achieved in the United States.

Even in the aggregate of Argentina, Mexico and Venezuela -  which are the 
rather more densely drilled countries in the region -  the drillin g  den­

sity  is only about 4 percent of that achieved in the United States.

Consolidated d rillin g  sta tistic s  for petroleum are not readily avail­

able. Estimâtes that I have made with Miss D. Nielsen for the various 
Latin American countries are given in Table 12. The notes to the table 
indicate the period covered, data gaps, and other explanations. The aver­
age depth of the well is  somewhat greater than 4,300 f t .  About 14 per­

cent of a l l  wells are exploratory, and about 35 percent of the la tter have 
been successful.

Outcome of past petroleum development. The outcome of past efforts  
may be judged by the amount of petroleum which has been found per unit 
of prospective area. This can be estimated by the expected value of re­
coverable discoveries (EVRD) per unit area, which I have defined before.
My estimates for major world regions are as follows:

EVRD(sq. m i.)

Oil (bb) 
496,000 
101,600 

49,500 
30,700 
27,000 
24,200

G as(106 c u . f t . )
Middle East

USA, lower 4é¡ states
USSR

África and Madagascar 
Western Europe 
Latin America

510

556
453

92
207

52
Argentina-Mexico-Venezuela 5 6 ,7 0 0 96

60., S . and SE A s ia , mainland 2 ,5 0 0



T able 12

RESUME OF PETROLEUM DRILLING IN LATIN AMERICA

W ells

C ountry P e r io d  co v e re d Expl S u c c e s s fu l T o t a l ! / Footage d r i l l e d

B r a z i l 1949-1972 1 ,4 4 l (e s 't  ) 3 0 3 (e s t ) 3 ,680 -16 ,130 ,000
A rg en tin a 1951-1972 1 ,7 2 5 5 2 2 (e s t ) 20 ,644 68 ,543 ,0 0 0 (e s t  )i
M exico 1949-1972 2 ,662 8 0 l ( e s t ) 16,554 7 1 ,8 0 5 ,0 0 0 (e s t )
Peru 1948-1972 734 2 9 2 ( e s t ) ( e s t ) 9 ,700 20 ,200 ,0 0 0 (e s t ) i
C olom bia 1 1 9 7 2 9 2 0 (e s t ) 2 5 0 (e s t ) 3 ,857 18,755 ,0 0 0 (e s t )

V en ezu ela 1949-1972 2 ,655 l , 4 0 1 ( e s t ) i / 28 ,571 110 ,900 ,0 Q 0 (e s t )i
B o l iv ia 1949-1972- 2 3 l ( e s t ) 72 ( e s t ) 765 4 ,847 ,0 0 0 (e s t ) !
Paraguay 1949-1972 22 29 76 ,082
E cuador 1949-1972 309 166 2 .970 4 ,8 8 7 ,1 9 3 V
C h ile 1945-1972 353 78 1 ,520 10 ,488 jOOO(est)

N icaragua 1949-1972 20 20 > 178 ,912  ! /
Honduras 1349-1972 6 ----- 6 56,277
Uruguay
Guatem ala

<. 1972 
1949-1972 17 0 17 > S 8 ,4 1 0 V

Panama 1949-1972 12 ------ 12 > 6 5 ,4 8 4 V

Surinam 1949-1972 33 0 33 102 ,14 8 (e s t  )i
Guyana 1949-1972 9 0 9 48,336
Cub a il/ 1949-1964 >201 > 11 > 524 > 1 ,7 1 2 ,7 2 3
French Guiana 
D om inican R e p .it /

< 1972 
1949-1970 1 8 ( e s t ) 0 1 8 (e s t )  >44,419

Jam aica 1949-1972 8 8 > 29 ,5 3 l V
B e l iz e 1949-1972 •28 28 > 9 4 ,9 8 7 V
T rin j S Tobago 1949-1972 5 l5 ( e s t  ) V  2 3 0 ( e s t ) V  (e s t )8 ,4 5 0 2 5 ,2 6 6 ,0 0 1  .
E l S a lv a d o r <_ 1972 0 0 0 !
H a it i 1949-1972 3 0 3 > 1 2 ,9 3 0 * /

C osta  Ricá < 1972 19 19 131,103
Barbados 1950-1971 17 6 19 1 49 ,76 0 .!/

C um ulative sums 11,958 4 ,132 91,962  362 .592 ,346



(

(T able  1 2 , con tin u ed )

A verages

a v . depth  w e l l : >4,263 f t .
e x p lo r a t o r y  w e l l s :  14% o f  t o t a l  w e l ls
s u c c e s s fu l  e x p lo r a t o r y  w e l l s :  35% o f  e x p lo r a t o r y  w e l ls

N otes

1/
~  Un<3 e r l in in g  in d ic a t e s  an o v e r a l l  cu m u la tive  v a lu e  up t o  1972,
2/

One y e a r  d a ta  gap .

3/ Two y e a r  d a ta  gap .
V

S e v e ra l y e a rs  da ta  g a p .

5/ 1924-1972 

- y 1918-1972

e s t  = e s t im a te  f o r  the p e r io d  co v e re d  by f i l l i n g  in  th e gaps in  the d a ta .

37
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The fa c t  th a t th e  EVRD p er  s q . m i. o f  p r o s p e c t iv e  area f o r  L atin  

America i s  ra th e r  low i s  a d ir e c t  consequence o f  the l im ite d  amount o f  

d r i l l i n g .  Most o f  the  EUR i s  in  the ground and u n d iscov ered .

The petroleum  outcome o f  p a st e f f o r t s  through 1971, measured in  

cum ulative p rod u ction  p lu s  proven r e s e r v e s , i s  shown in  Table 13 f o r  

th e v a r iou s  L .A. c o u n tr ie s .

The L atin  American petroleum  f i e l d s  are o f  average s iz e  by w orld  s ta n ­

d a rd s , w ith but a few g ia n t accum ulations a lrea d y  d is c o v e r e d . The l a r ­

g est o i l  f i e l d s  a re : Poza R ica , N aran jos-C erro  A zu l, Arenque, Ebano-

Panuco in  M exico; Lama, Lamar, B oscan, La P az, and Q u ir iq u ire  in  Venezu­

e la ;  Comodoro R ivadavia  in  A rgen tin a ; and La B rea -P a rin a s-T a la ra  in  Peru. 

A l l  o f  th ese  had EUR's o f  1 b i l l i o n  bb o f  o i l  o r  more.

For fu r th e r  a n a ly s is ,  one can s e t  th ree  subroups : a ) V enezuela ,

C olom bia, T rin idad  and Tobago; b )  M exico and A rg en tin a , and c )  a l l  the 

rem aining Latin  American c o u n t r ie s , as shown in  Table 14-. The f i r s t  

subgroup owes i t s  petroleum  developm ent e s s e n t ia l ly  t o  the e f f o r t s  o f  

in te r n a t io n a l  petroleum  com panies. The second subgroup owes i t s  m ajor 

petroleum  developm ent t o  the e f f o r t s  o f  n a t io n a l petroleum  com panies.

The o th e r  co u n tr ie s  in  the th ir d  subgroup are u n t i l  now sm a ller  prod u cers 

o r  have both  in te r n a t io n a l  petroleum  companies and n a t io n a l companies 

o p e r a t in g .

The f i r s t  subgroup accou n ts f o r  69 p ercen t o f  the o i l  and 61 p ercen t 
o f  th e  g a s , as cum ulative p ro d u ct io n -p lu s -p ro v e n  r e s e r v e s , w h ile  i t  p o s ­

se sse s  on ly  12 p ercen t o f  the p r o s p e c t iv e  a rea . N on-producer co u n tr ie s  
a ccou n t f o r  ten  p ercen t o f  the t o t a l  p r o s p e c t iv e  a rea .

Comparison w ith  c e r ta in  benchmark r e g io n s . I have s e le c te d  th ree  areas 

as benchmarks in  o rd er  t o  estim ate  th e EUR f o r  L atin  Am erican. These 

benchmark areas a re : (a )  conterm inous USA, b ) USSR, and c )  M iddle E ast.
From a study o f  the range o f  estim ates  f o r  the conterm inous USA and the 
USSR, I have adopted a range o f  100 ,000 -250 ,000  bb o f  o i l  and o f  500-1 ,300  

m il l io n  cu . f t .  o f  gas p er s q . m i. o f  p r o s p e c t iv e  area  as in d ic a t iv e  o f  

la rg e  c o n t in e n ta l u n it s .  These va lu es are an ord er o f  magnitude low er than 

th o se  f o r  the M iddle E a st .



Table 13

PETROLEUM OUTCOME FOR LATIN AMERICA

Country
Brazil
Argentina
Mexico
Peru
Colombia
Venezuela
Bolivia
Ecuador
Chile
Cuba
Trinidad S Tobago 
Barbados

Cum. sums

Cum. prod. + proven reserves
___________to 1971 1/__________
0 il(1 0 6 bb) Gas(10^ cu. f t . )

1,648
4,811
7,941
1,394
3,393

43,908
381

6,170
319

na
2,984 ( - )

1,344
10,424
20,687

4,314
5,408

70,380
5,357
4,533
5,762
na

6,574(+)

72,950 134,783

u
"Summary Petroleum and Selected Mineral S tatistics  
for 120 Countries, Including Offshore Areas", U.S. 
Geological Survey Professional Paper 817, 1973.



Table 14

DRILLING AND PETROLEUM OUTCOME FOR LATIN AMERICAN GROUPS OF NATIONS

Group

A) V en ezu ela , 
Colom bia, 
T rin id ad  and 
Tobago

T ota l 
w e lls  U

40,878

Cum. p rod . + proven re se rv e s

______________to  1971 U_________

O iK lO 6 bb ) G as(10g cu . f t . )

50,285
(69%)

82,362
(61%)

B) M exico and 
A rgentina 37,198 12,752 

( 17% )
31,111

(23%)

C) A l l  the o th e r  
L a t in ' American 
c o u n tr ie s

>13,866 1 /  9 ,913
(14%)

21,310
(16%)

=100,000 72,950 134,783

iy
E stim ates from v a r io u s  sou rces  up t o  1972.

"Summary Petroleum  and S e le c te d  M ineral S t a t i s t i c s  f o r  120 
C o u n tr ie s , In c lu d in g  O ffsh ore  A r e a s " , U. S. G eo l. Survey 
P r o f .  Paper 817, 1973.

Some d a ta , m ostly  p r io r  t o  1949, not in c lu d e d .1 /
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E stim âtes o f  the  EUR's f o r  L atin  A m erica . In the manner d e scr ib e d  

above I have estim ated  th a t the EUR's f o r  L atin  America are

(490 t o  1 ,2 2 5 ) X 10^ bb o f  o i l ,  and 

(2 ,4 5 0  t o  6 ,3 7 0 ) x 10*2 cu . f t .  o f  ga s .

The above f ig u r e s  do not in c lu d e  any a llow ance f o r  the occu rren ce  o f  

g ia n t s iz e  accum ulations l ik e  th e  M iddle E ast. These cannot be ex clu d ed ; 

m oreover, I su sp ect th a t the Caribbean area and the A rgentine con tin e n ­

t a l  s h e l f  are two reg io n s  where they  cou ld  o c c u r .

Note on the petroleum  ou tlo o k  o f  the A rgentine co n t in e n ta l s h e l f .

When rev iew in g  the petroleum  o p p o r tu n it ie s  throughout L atin  America i t  

becomes apparent th a t ou tsta n d in g  p o s s i b i l i t i e s  are met in  the A rgentine 

c o n t in e n ta l s h e l f .
This s h e l f ,  down t o  200-m d epth , has an area  o f  306,500 sq . m i.

F ive sedim entary b as in s  have a lrea d y  been id e n t i f i e d  on i t :  S a lad o ,

Bahia B lan ca , San J o rg e , M agallanes, and M alvinas. The maximum t h ic k ­

n esses  o f  sedim ents in  th ese  b a s in s , a cco rd in g  t o  a 1960 survey by the 

Lamont G e o lo g ic a l O b s e r v a to r ie s , would be >5 km, 4 -5  km, about 4 km, 

about 5 km, and p o s s ib ly  more than 7 km, r e s p e c t iv e ly .  Two o f  the b a s in s  -  

San Jorge and M agallanes -  are  seaward co n tin u a tio n s  o f  im portant on­

shore petroleum  prod u cin g  b a s in s .
The A rgen tin e c o n t in e n ta l s h e l f  may be compared w ith  the G u lf Coast 

b a s in  and w ith  the US A t la n t ic  c o n t in e n ta l s h e l f .  For the US A t la n t ic  

c o n t in e n ta l s h e l f  p o t e n t ia l  f ig u r e s  in  the range o f  10-50 b i l l i o n  bb o f  

r e c o v e ra b le  o i l  re so u rce s  have been p u b lish ed  by the US G e o lo g ic a l  Survey. 

Taking in to  c o n s id e r a t io n  the f a c t  th a t the area  o f  the A rgentine con ­

t in e n ta l  s h e l f  i§ ,  4 tim es la r g e r ,  th e  g re a te r  th ick n e sse s  o f  sed im en ts, 
and the known e x is te n c e  o f  two b a s in s  w ith  p rod u ction  o n sh o re , one would 

be j u s t i f i e d  in  ch oos in g  f o r  the A rgen tin e c o n t in e n ta l s h e l f  a p o te n t ia l  

a t le a s t  fo u r  tim es as g r e a t .
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On How t o  D evelop th e L atin  American Petroleum  P o te n t ia l

From the p o in t  o f  view  o f  re so u rce  developm ent one should  co n s id e r  

which a lte r n a t iv e s  are a v a ila b le  t o  ca rry  out petroleum  e x p lo r a t io n  in  

the d e v e lop in g  n a tion s  c o n s id e r e d , nam ely: b i la t e r a l  fo r e ig n  a s s is ­

ta n c e , in te r n a t io n a l  petroleum  com panies, n a t io n a l o i l  com panies, and 

p r iv a te  en trep ren eu rs . In the seq u e l I w i l l  d is cu ss  some o f  the is su e s  

in v o lv e d , w ithout a d voca tin g  any p a r t ic u la r  s o lu t i o n .

F oreign  p a r t ic ip a t io n  in  petroleum  developm ent o fte n  r a is e s  d e l i c a t e  
is su e s  both  in  a h ost cou n try  and abroad. The fa c t o r s  in v o lv e d  are many, 

most o f  them b e in g  s u b je c t  t o  v a r iou s  in t e r p r e t a t io n s .  The main is s u e s  

appear t o  b e : form o f  ownership and c o n t r o l ,  f a i r  p a r t ic ip a t io n  in  the

p r o f i t s ,  backward and forw ard lin k a g es  o f  the petroleum  a c t iv i t y ,a n d  

c o m p a t ib i l i ty  o f  the ra te  o f  developm ent and p rod u ction  and m arketing 

p o l i c y  w ith  the in t e r e s t s  o f  the h ost cou n try .
The e x ten t o f  b i l a t e r a l  a s s is ta n c e  would depend on the circum stances 

o f  each n a tion  and the tasks t o  be a ccom plish ed . For co u n tr ie s  w ith  no 

know-how and lim ite d  r e s o u r c e s , f in a n c ia l  a id  t o  undertake t h e .b a s ic  

g e o lo g ic  and g e o p h y s ica l recon n a issa n ce  may be re q u ire d . These b a s ic  

surveys can p ro v id e  a b a s is  f o r  n e g o t ia t io n , and f o r  fo rm u la tin g  adequate 

le a s in g  p o l i c y .  A few m i l l io n  d o l la r s  p er  100,000 sq . m i. o f  p ro sp e c ­

t iv e  area  would be enough f o r  t h is  i n i t i a l  ta s k . To con tin u e  on w ith 
e x p lo r a t io n , in v o lv in g  w ild ca t  d r i l l i n g ,  s u b s ta n t ia l ly  la r g e r  sums are 
r e q u ire d . They are o f  the o rd e r  o f  ten s o f  m i l l io n  d o l la r s  p er 100,000 

sq . m i. o f  p r o s p e c t iv e  a rea . The assessm ent o f  an area  l ik e  the Argen­

t in e  co n t in e n ta l s h e l f ,  on the o th e r  hand, i s  a v a s te r  u n dertak in g . 

Roughly 500 m il l io n  d o l la r s  may be r e q u ir e d , and even so  when a l l  the 

r e s u lt s  were known i f  u n s u c c e s s fu l , one would s t i l l  f in d  some petroleum  

companies w i l l in g  t o  con tin u e  e x p lo r in g .

The a s s is ta n ce  o f  fo r e ig n  companies and p r iv a te  en trepren eu rs may 

be engaged in  v a r iou s  ways: c o n c e s s io n , s e r v ic e  c o n t r a c t ,  t e c h n ic a l

a s s is t a n c e ,  p a rtn ersh ip  in  mixed com panies, f in a n c in g . E x p lora tion  and 

developm ent are the more s e n s it iv e  s e c to r s  f o r  fo r e ig n  p a r t i c ip a t io n ,  

whereas i t  has been more r e a d i ly  a ccep ted  in  p ip e l in e  t r a n s p o r ta t io n , 

'r e f in in g ,  p e tro c h e m ica ls , and m arketing.



Mixed enterprises and service contracts have the advantage of readily- 
bringing to bear technical, managerial, and financial capability. The 
.contract terms, however, are d iffic u lt  to work out so that no subsequent 
d iffic u ltie s  arise. In a mixed enterprise a foreign (government or pri­
vate) entity may join with a host-country government entity . The in i­

t ia l  exploratory risk may be entirely absorbed by the foreign entity.

A ll the capital may be contributed by the foreign en tity , with a formula 
for sharing in the profits and for capital contributions by the govern­

ment entity depending on the outcome of the exploration.

Service contracts have been awarded in some countries to undertake 
programs o f: a) exploration/development, b) exploration, c) development,

and d) d rillin g . The contractor may be paid outright, or by means of a 
share of the petroleum production. But i t  is  d iffic u lt  to foresee in 
preparing a service contract a ll  subsequent exploration and development 
issu es, to consider a l l  cost contingencies, and changed marketing con­

ditions . Service contracts have been used in some cases with success, 
in others they have ended in controversy. They should be undertaken 
only when a host government is  fu lly  aware of the issues and is  ably 
represented in the negotiations. Such contracts ought to be comprehen­

sive , followed by adequate public disclosure.
The underlying force of successful international, petroleum corpora­

tions is  a top level small team -  highly skilled  petroleum executives, 
geologists, geophysicists, petroleum engineers. For some of the pros­
pective areas involved only the sk ills  of such groups could probably suc­
ceed in finding in a reasonable time the undiscovered petroleum accumula­
tions. Concessions or service contracts are alternative means to engage 
this expertise. In other cases only large international petroleum com­
panies may have the financial capability, and be w illin g , of risking the 
large amounts of risk capital that may be required, and of readily bring­

ing to bear upon the assessment o f a new territory skilled  expertise 
with worldwide experience.

As for national petroleum companies, one should distinguish two quite 
different typesj



1) n a t io n a l company th a t has found i t s  petro leu m , and 2 ) n a t io n a l
I .
company th a t  has a cq u ired  i t s  cu rren t petroleum  by n a t io n a l iz a t io n  o f  

the  a s s e ts  o f  p r iv a te  in te r n a t io n a l  c o r p o r a t io n s . Some o f  the companies 

in  t h is  f i r s t  group have been very  t o  m oderately  s u c c e s s fu l .  There are 

o th ers  in  th e  group 1) o f  n a t io n a l companies which have had l i t t l e  su c­

c e s s .  On the o th er  hand, the group 2) o f  n a t io n a l companies cannot y e t 

cla im  t o  have dem onstrated a petroleum  fin d in g  c a p a b i l i t y .  I f  a country  

d e c id es  t o  use n a t io n a l e n te r p r is e s  f o r  petroleum  e x p lo r a t io n , some mech­

anism must be found t o  p rov id e  r a d ic a l  changes o f  e x p lo r a t io n  s tra te g y  

when fa i lu r e s  predom inate. This may be d i f f i c u l t  in  the co n te x t  o f  p o ­

l i t i c a l  c r i t i c i s m  -  t o  endure a su sta in ed  e f f o r t  or  t o  acknowledge a p ro ­
t r a c te d  f a i lu r e .

The USSR p ro v id e s  another type o f  n a t io n a l  petroleum  un dertak in g.

In th e  USSR's system  th ere  i s  a b a s ic  re so u rce  recon n a issa n ce  phase -  

r e g io n a l g e o lo g y  and g e o p h y s ic s , s t r a t ig r a p h ie  and core  d r i l l i n g  -  which 

i s  fo llo w e d  by d e ta i le d  e x p lo r a t io n  and developm ent. The c o n t r o l  o f  the 

f i r s t  phase i s  t i g h t ly  h e ld  by the top  s c i e n t i f i c  o rg a n iz a t io n s  o f  the 

cou n try . They appear t o  have done an e x c e l le n t  jo b  o f

a p p r a is a l . The second phase i s  en tru sted  t o  o p e r a t io n a l bureaus. Only 

in  a f u l l y  planned econom y, having an e f f e c t i v e  upper t e c h n o lo g ic a l  and 

s c i e n t i f i c  e ch e lo n , cou ld  t h is  system  w ork , as i t  has in  the USSR.



LATIN AMERICA’S ENERGY RESOURCE BASE

From a long-range point o f view, the energy position of Latin Amer­

ica has to be judged in terms of its  energy resource base. Yet, the 
published energy resource data seems to be utterly insufficient and to 
grossly underestimate the energy resource potential of Latin America.

To gauge the extent of its  energy resource base we can make a com­
parison with the United States, for which figures have been published 
on proven reserves, identified resources, and unidentified resources 

(Table 15). The basis for such comparison is provided by the many geologic 
analogies between the frameworks of the North and South American con­

tinents. There is a close parallelism between cratonic areas, folded 
geosynclinal areas, marginal cord illeras, internal basins, and many other 
features. Moreover, the United States is only a part of North America.
The area of Latin America is  about twice that of the United States.

The sim ilarities extends to a close parallelism between major miner­

a l and petroleum occurrences. For instance, the petroleum producing 
areas of the North Slope of Alaska may be matched with those in northern 
Venezuela. The petroleum producing shelf o f California may be matched 
to the producing shelf o f Ecuador, Peru, and Central Chile. The most im­
portant petroleum province in North America is  the Gulf Coast, to which 
the Argentine Continental shelf would be the corresponding unit in South 
America.

The proven reserve figures that have been published for o i l ,  gas, o il  
shale, coal, and uranium for Latin America are only a small fraction of 
those for the United States. The discrepancy is  even greater for identi­
fied and undiscovered resources. A few examples might suffice here.

The figure for the identified o i l  resources for South America is  7H b i l ­
lion barrel, and no figure has been given for the undiscovered resources. 
For the United States, on the other hand, the figure of 290 b illio n  bar­

rels is given for the identified resources and 2,850 b illio n  barrels for 
the undiscovered resources.

For coal the figure of 20 b illio n  tons has been published for the 
- identified resources, and of 10 b illio n  ton for the undiscovered resources.r j



Table 15 

L.A.-US ENERGY DATA COMPARISON

USA L. A.

Area (x  106 km2)

O il
Proven re se rv e s
Other id e n t i f i e d  re s o u r ce s
U ndiscovered re sou rces

9 .40

52 V
1J

290 T~
2 ,550  -J

19.9

(1 0 9 bb )

29 U

74 -f  (S .A .)  ( ? )  
? Others

Gas

Proven re se rv e s

Other id e n t i f i e d  r e s o u r c e s

U ndiscovered  re so u rce s

V
290 -J 

'U170
4 /

4 ,000

(Ï0 1 *  cu . f t . )
2, 

72 - 1

O il sh a le

I d e n t i f ie d  re sou rces  

U ndiscovered "

(1 0 9 bb o i l  y i e l d )  
5 / 6 /

2 ,000  800 -
5j  6/

23,850-- 41,200 ^

Tar sands

I d e n t i f ie d  re sou rces 29 -f
(1 0 9 bb bitum en)

1 ,200  n-l  (VS, Co) 

? Others

Coal

I d e n t i f ie d  re sou rces  

U ndiscovered "

1 ,587

1 ,6 3 7

i f

i f

(1 0 9 m e tr ic  to n )
20 ( ? )  if

■ 9 .
10 (?) - f



Tahle 15 (.continued)

Uranium

I d e n t i f ie d  re so u rce s  

U ndiscovered  " 8,382 1 0/
10

1 1 .4  (A r , Me)——/  

? Others

(103 metric ton U_0D)

y

y

i /

y

y

y

y

y

y

w

Energy R esources o f  the U nited S ta te s ,  1972, G e o l. Survey C ir c u la r  6 5 0 , p . 7 .

U. N. S t a t i s t i c a l  Yearbook 1972

R esources o f  F o s s i l  F u e ls , K. 0 .  Emery, J u ly  1973 , N at. R es. C ou n cil r e p o r t .
D it to  \j , bu t p . 9 

D itto  y  , but p . 26

U nited S ta tes  M ineral R esou rces , U .S .G .S . PRof. Paper 820, 1973, p . 501. '  ^
D itto  y , bu t p . 101

D itto  U , b u t p . 3

D itto  y , b u t p . 140

D itto  y ,  bu t p . 23-24
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These f ig u r e s  seem t o  underestim ate the p o t e n t ia l  o f  L atin  America by 

á f a c t o r  ó f  100. We can m ention ju s t  two b a s in s , one in  Southern C h ile  

and the o th e r  in  C olom bia, which in d ic a te  a p o t e n t ia l  much g re a te r  than 

the f ig u r e  g iven  f o r  a l l  o f  L atin  Am erica.

Analogy o f  g e o lo g ic  c o n d it io n s ,  and exam ination o f  the r a t io n a le  

used in  fo rw a rd -lo o k in g  re so u rce  assessm ent such as b e in g  c a r r ie d  out 

by the U nited S ta tes  G e o lo g ic a l Survey, would in d ic a te  th a t most o f  th e  

p u b lish ed  energy re so u rce  base f ig u r e s  on L atin  America are w o r th le s s . 

As a new s t a r t ,  I b e l ie v e  one can presume th at the energy re so u r ce  base 

o f  L atin  America i s  about tw ice  th a t o f  th e U nited S t a t e s .
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I can c lo s e  by p o in t in g  out th a t many s ig n i f i c a n t  energy op tio n s  ap­

pear open to  th e v a r iou s  L .A . c o u n tr ie s . As immediate o p t io n s  th ere  

a re : hydro exp a n sion , im port h y d r o e le c t r i c i t y ,  c o a l  p ro d u c t io n , land

petroleum  r e s o u r c e s , marine petroleum  re so u rce s  , geotherm al r e s o u r c e s , 

n u clea r  en erg y , and s o la r  en ergy . As midrange o p tio n s  th ere  a re : c o a l

l iq u e f a c t io n ,  c o a l  g a s i f i c a t i o n ,  sh a le  o i l ,  b itum inous san ds, s o la r  en er­

g y , n u clea r  en ergy . Some co u n tr ie s  (B r a z i l ,  C h ile ,  A rgen tin a , M exico, 

V enezuela) have a wide v a r ie ty  o f  o p t io n s . Most o f  the o th e r  co u n tr ie s  

have a more lim ite d  range o f  o p t io n s  e i t h e r  because o f  t h e ir  re so u rce  

b a s e , sta g e  o f  econom ic developm ent, o r  a b so lu te  s i z e  o f  the economy.

The most ou tsta n d in g  energy o p t io n s  o f  a l l  the a v a ila b le  appear t o  b e : 
deve lop  land petroleum  re so u rce s  (B o l iv ia ,  P eru , C o lom b ia ), d eve lop  mar­

in e  petroleum  re so u rce s  (A rg en tin a , and Caribbean c o u n t r ie s ) ,  c o a l  l iq u e fa c t io n  

(C h ile ,  C olom bia ), c o a l  g a s i f i c a t io n  (C h ile ,  C olom bia ), sh a le  o i l  ( B r a z i l ) ,  

bitum inous sands (V en ezu ela , C olom bia ).

Taken as a w h ole , L atin  America appears t o  have a very  stron g  energy 

re so u rce  b a s e ; in d iv id u a l c o u n tr ie s ,  how ever, are exposed t o  s h o r t -  and 

m id-term  energy cru n ch es. Whether the p o t e n t ia l  becomes a r e a l i t y  h in ges 

on econ om ic, in s t i t u t io n a l ,  and p o l i t i c a l  f a c t o r s ,  ra th e r  on co n s tr a in ts  
o f  the  re so u rce  b a s e .

LATIN AMERICA’ S ENERGY OPTIONS

Bernardo F. G ross lin g  
August 2 , 1974



ROLL OF NATIONS WITH POPULATION 1 MILLION OR MORE RANKED AS PER GNP/CAPITA

50
Appendix 1

World Bank data  f o r  GNP per c a p ita  f o r  1970 f o r  122 n a tion s  p lo t t e d  
in  rank o f  d e crea s in g  GNP p er c a p it a .

Rank Country

1 U .S.

Sweden 

Canada 
Sw itzerlan d  

5 Denmark

$ /ca p

4,760
4 ,040

3,700
3,320

3,190

Rank

26

30

Country

Ire la n d

Argentina
Greece

Spain

Venezuela

$ /ca p

1,360
1,160

1,090
1,020

930

6 France 3,100

FRG 2,930

Norway 2,860

A u s tra lia 2 ,820
10 Belgium 2,720

11 New Zealand 2 ,700

DRG 2 ,490

N etherlands 2 ,430

F in lan d 2,390

15 UK 2,270

16 C zech oslovak ia 2 ,230

A u str ia 2,010

I s r a e l 1 ,960

Japan 1 ,920

20 USSR 1,790

21 Libya 1,770

I t a ly 1 ,760

P uerto R ico 1 ,650

Hungary 1 ,600

25 Poland 1 ,400

31 Hong Kong 970

Romania 930

Singapore 920

T & T 860
35 Uruguay 820

36 B u lgaria  760

South A fr ic a  760

Panama 730
Chile 720

40 iconaióa 670

h-1 Mexrioo 670

P ortu g a l 660

Y u goslav ia  650
A lban ia  600

*+5 Lebanon 590

46 Costa Rioa 560
Cuba 530

M ongolia ^60
Peru ^50

50 Saudi A rabia
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Rank Country $/cap
5.1 Nicaragua 430

Brazil 420

Zambia 400

China 390
^5 Iran  380

56 M alaysia 380

Guatemala 360

Dominican Rep. 350

Colombia 340

60 North Korea 330

61 Iraq 320

Turkey 310
Iv ory  Coast 310

Ghana 310
65 Angola 300

66 El Salvador 300

A lg e r ia  300

Papua New Guinea 300
S yria  290

70 Ecuador 290

71 Honduras 280

Rhodesia 280
Paraguay 260

T u n is ia  250
75 South Korea 250

Rank Country $ /ca p

76 Jordan 250

L ib e r ia  240

Mozambique 240

M orocco 230
60 Senegal 230

61 P h ilip p in e s  2.10

Egypt 210

Vietnam 200
Thailand 200

65 S ie rra  Leone 190

Cameroon 189

Bolivia 180
China (Red) 160
Kenya 150

90 C en tra l A fr ica n  Repl^-O

91 M auritania  1^0

Togo 140

Malagasy Rep. 130
Khmer Rep. 130

95 Uganda 130

96 N ig er ia  120

Laos 120

Sudan 120

Guinea 120

P00 Yemen (P e o p le 's  120
Dem. Rep. )
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Rank Country $/cap
101 S r i Lanka 110

In d ia  110
Haiti 110

Tanzania 100

105 V ie t  Nam (N orth ) 100

106 P ak istan  and 100
Bangladesh

N iger 90

Dahomey 90

Z a ire  90

110 Chad 80

111 Nepal 80

Burma 80
Yemen (A rab . 80
Rep. o f )
In d on esia  80

115 E th io p ia  80

116 A fghan istan  80

Malawi 80
Som alia 70
M ali 70

120 Upper V o lta  60

121 Burundi

122 Rwanda

60
60
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Appendix 2

BASIC CONVERSION FACTORS FOR ENERGY CALCULATIONS 

1 BTU = 252 cal

1 joule = 107 erg = 0.2389 cal

1 kWh = 8.6 x 105 cal = 3,413 BTU

1 barrel = 42 U.S. gallons = 0,15699 m3

Coal’ s heat o f combustion
assumed for coal equivalents 6,880 cal/gr

D itto, for o i l  equivalents 10,700 cal/gr

Calorific values equivalence: 1 kg ooal +->-0.64 kg o il



, , ■. HEAT EQUIVALENCE FACTORS

U.N. coal heat equivalence factors o f 1 tón óf: L/ 

coal briquettes

brown coal and lign ite  briquettes

pechkohle

coke

brown coal and lign ite  

peat

crude petroleum and shale o i l  

motor s p ir it , kerosene, fuel o ils  

of 1,000 m3 standard o f: 

natural gas 

manufactured gas 

refinery gas 

of e le ctr ic ity :

1,000 kWh 1 /

ECLA, 1973, overall thermoelectric plant efficiency  

1 kWh »  3,000 cal

Appendix 3

Tons, 
coal standard

1

0.67

0.67

0.9

0.3 -  0.33

0.5

1.3

1.5

1.332

0.6

1.75

0.125

1 /
—̂ U.N. S ta tistica l Yearbook 1972 
2/ The efficiency of the conversion of heat into e lectric ity  

in a thermal plant is  not considered in this factor.


