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Clmparison of IULHG World O i l  Model w i t h  
"#Epp (1985) Projections t o  2010" 

L. D. %owbridge 

The Department af Eherqy's OEfice of Policy, PLmning and Analysis 

recently released a new series af detailed projections of national and 

world energy trends (NEPP-851 .I This study presents a ampr ison  of the 

behavior of the R?#S World Oil Model w i t h  the NEFT-85 results. Two 

goals were defined for t h i s  study: 

1. Determine the changes necessary to  RAMS input parameters t o  
approximately duplicate NEPP-85 results. 

2. Determine effect of replacing the existing input assumpkions i n  the 
standard version of RNlS w i t h  corresponding N3PP-85 assumptions. 

The changes made t o  R?VE i n  th is  study were t o  the numeric values 

of the standard scenario parameters. In  no case were the model 

equations altered. 

The results that  are compared in t h i s  analysis are the projected 

trajectories of World O i l  Rice and (non-cmunist) World O i l  

Pr0ducti.cn. In general, as w i l l  be seen below, the RAMS model, with 

appropriate prameter adjustments, a w a r s  to  be able to  do a reasonable 

job of duplicating the long-term trends found i n  the MEPP-85 study. It 

does less well a t  duplicating the &tailed short-term behavior ( ' 8 5 - f 9 0 )  

of NEPP-85. 

The RAMS (Research and Ewelopcent Analysis Modeling System) World 

O i l  Mode12 was developed i n  1985 for the Department of Energy's 
Assistant Secretary for O i l ,  Gas, Shale, and Coal Liqu ids  by Applied 

Management Sciences and Oak Ridge National Lahratory. This model, 

described i n  mre detail i n  Appndix A, is a relatively simple, FC-based 

equilibrium model of the long- t e r m  world o i l  mrket. It was designed 
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t o  provide an easy-teuix tool for qualtititively examining market 
penetration of nonw liquid fuels into the world o i l  mrket 

under a w i d e  range of f u t u r e  mxket conditions. In b t h  level of &tail 

and treatment, is not an el&rate 1. 

The MEPF85 study is based prirrarily on results of a model med 

WOZ, which is a n  ch mre detailed in  

msnry respects, For ts all energeyr sources  (allwing 

fuel switching) whereas examines only crude oil ;  mPP-85 ut i l izes  

6 demand regions t o  WE8 3; M]EPP-$5 calculates yearly results while 

?RAMS uses 5 and 10-year ps ids .  

NEPP-85 presents a K af scenarios i n  addition t o  the Base 
case. These include Pcw and high world energy demand scenarios, 
alternate USA resource base scenarios, md alternate USA energy 

efficiency scenarios. W y  the alternate world energy h a n d  scenarios 

w i l l  be examined here. 

In addition t o  the obviously m ~KOCI&L- scope and greater level 
of &tail i n  the models used i n  the NEPF85 study, there are a number of 

discrepancies i n  the presentation QT miming a€ data i n  NEPP85 as 

campxed t o  RAPE. These should be k e p t  i n  mind when examining the 

m p r i s o n s .  Specific differences are: 

1. uses 5 and lO-year callculatian intervals, and the in i t i a l  
conditions (e.g. world o i l  price and regional production rates) are 
i n  turn averages wer  the five years leading up t o  the model 
start ing date (1980). iWPP85 states that the FK)IL model uses a 
calculation interval of one years (though the results are displayed 
for 5-year intervals). ahis discrepancy is mst striking i n  
comparing the starting (1980) world o i l  price i n  the two models: 
rpAMs (Average '76-'$0) = $29/bbl vs. MEPP85 (Average 1980) = 
$44/bbl. ProFrly speaking, to m p r e  NEpp-85 w i t h  RAMS, one 
would have to calculate multi-period averages or interpolate. 
RAPE, a t  least, was never intended t o  be so precise a t O Q l .  To 

'd  distraction, these ampr isons  w i l l  shcw priod values from 
and NEPP-85 as if they directly comprable. 
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2. 

3. 

4.  

fall 

Except for coal liquids, the W e 8 5  document doesn't distinguish 
nonconventiM liquids from conventional. !thus, M may 
"produce" more heavy o i l  and tar sands than NEPP-85 i n  later years. 
%is can have a significant effect on the later ghases of the pice 
projectian, but is not explored here. 

-85 does not list 1985 values. NEPF85's "'84 estimates" are 
treated here as ' 85  values for plrpses of displiry. 

RAMS excludes natural gas plant. l i q u i d s  frcan oil  production whereas 
NEPP85 inc ludes  them. Bus a given FWS quantity w i l l  be 
comparable to  a -85 value Q%-8% higher. 

Several scenarios have been run i n  this camparison study. mese 
into three sets as summarized in Table 1. The f i rs t  was a "minilral 

adjustment" set, the seand w a s  an attempt to incorporate all directly 
appzlicable NEPP-85 assmpkions in.to corresponding input p r a t e r s  in  

RAMS, and the third was an attempt ta force-fit the MEPP85 Base case 
results by arbitrary adjustments of FWE input prameters. The first 

and second set of scenarios ampare Low, Base, and H i g h  enerqy grawth 
scenarios between RAMS and NEpp85. 

Table 1. RAFS/MEpP-85 comparison scenarios 

Set 1 

Base 
H i g h  RAESS Standard Scenario: 

LOW 

Minimal changes (4 parameters) t o  

Set 2 
Base 
H i g h  

L W  

All possible NEPP85 i n p u t  assumptions 
incorporated into RAMS 

Set 3 

Base Force-fit of NEPP-85 Base scenario 
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The f i r s t  set of scenarios was created by adjusting only four 
parameters. The mst significant adjustWlb?Flts were the reduction af the 
supply and demand elasticitiesp i& axe discussed i n  mare &tail 

b e l a b ~ .  The other p r a m t e r s  altered were the upFer and lmer QHEC 

capci ty  constraints, rdumd slightly to align the RAPE capacities with 

standard and ad jus td  values of these 

pramters  are listed in Table 2. 

me second set of scenarios incarprates  all the NEPP85 

ass ions that appear to  axrespond directly to  input psrmeters i n  

W. %e input piramtea: values c i ~ m ~ d  are listed i n  Tables 2 and 3.  

These cover: 
Orme mal l iqu id  t e h n o l q  i n  (Surface nowdirect 
liquefaction) was seduced in  cast so that it would activate 
conm@nsurate w i t h  the behavior af "Coal  Liquids" i n  NEPP85. 

CPE Expor ts  to the West: NEPP-85, l i k e  , considers centrally 
planned economies (CPEs) only to the extent  CY€ their net exparts t o  
the remainder af the world. %e NEFF85 estimates for future net 
exparts of liquids considerably lwer than the earlier 
estimates used i n  the standard scenario. 

Skan productian is limited (due to  pipeline capcity constraints) 
to the lower NEPP-85 valw. 

GI@ growth parameters for three aggregate world K @ O ~ S  me listed 
i n  the NEPP85 & c e n t ,  as i3pe figures on enerqy Consmqkion 
enabling derivation of mercg gr~-t%a:GNP growth ratios. 'lbese two 
sets o€ pxamters replace the RAN!?, standard values i n  defining 
future oil demand. 

One input data siet not changed (because it wasn't conveniently 

available in MEpp85) was the set of initial poduction rates md 

K ~ W U T C E  bases, This muld have a significant. effect m the detailed 

distribution of production (which is not examined i n  this study). Far 

ple, RAN2 tends It0 produce m~re OPEC and less nowOPEC oil than 
WFJ-85 .) 
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hlEpP Emulation Standard Scenario 

80% 85% l v h X  OPEC Production l imits : 
(% of Bts1 Capacity) : 40% 453 Min 

: -0.5 -1. 

. 0 02 0.4 
DEMAM, ELPrmICSrn 

S U m t Y  m 1 c m  

Table 3. RAMS parameter changes to  Scenario Set 2 

NEPP Ehulatim Standard Scenario 

Coal NIX, Surface : $30 in 2000 ' $50 in  1990 

. Alaska Pipeline Cap. 1.8 2 01. m / D  

CPE Export 85/90/95/ ... : 2.0/0.5/' O/ 0 2.4/1.9/1.9/ ... Mt%/D 

Scenario Set 1 is defined by the change5 listed i n  Table 2 and the 
standard energy growth pmmeters listed i n  Table 4.  Figures 1 through 
3 display the oil  price projections for the f i r s t  scenario set. As carn 
be Seen in Figure 1, the long-term trend of the Base hTEpp.85 price 

trajectory can be duplicated reammhly well by F?A&S. mis is 

accomplished minly by adjustment of the elasticity values, which 

control the price r e sps iveness  of demand and OPEC s u p l y .  Shorter- 
term projections ('85-'90) are not duplicated as w e l l .  
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Fig. 1. Caparison of World Oil Price Projections 

Scenario Set 1: 
NEPP85 Base Caw vs. 
RAPS Base Grwtlri - prameter changes p r  Table 2 
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Scsnario Set 1 
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Fig. 2. isom of World O i l  price Brojections 

Scenario Set 1: 
NEBp.85 Law Case vs. 
RAMS L w  G r o w t h  - parameter changes per Table 2 
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Scenario Set 1: 
NEPP-85 H i g h  Ca~e vs. 
FUWS H i g h  Grawth - parameter changes per Table 2 
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Figures 2 and 3 re t&e pice pa jec t iom of the MEPP85 "High 
Growth" and "cow Growth" scenarios w i t h  the S C W B K ~ O S  of P.he 
Mmes (but not mces r i l y  We sme ass ions). me agrement o€ the 

price tracks from lJKEP-85 and RAMS under these alternate d CJKWtb. 

assuqkiorns is about Ithe as in the hse case: long-term trends were 

reproduced by MP ht he short-term detail  was mt as w e l l  duplicated. 

Figure 4 compres the pojection WP85 and RAN3 of consmption by 

the mrr-cornmist; wrld for the base scenario. The trends of the two 
agree quite w e l l .  
as Fig. 4 would tend to  indicate. is, i n  effect, predicting about 
5% more consm&ion than NEIP-85 due to  the variation i n  treatment of 

natural  gas liquids. ahe @onsmNion projections for high and law 

growth scenarios are qualitatively s i d a r ,  and are not PeEnted  here. 

'Ilne ahsolute agreement is not, however, q u i t e  as 

lhis scenario set w a s  created to  study the effect sf mking, t o  the 

extent reasonably possible, identical h p u t  assmpkions in  both RAMS 

NEPP-85. llhe prameters used i n  Set 1 (Le. the elasticities and OPEC 

capacity limits) were retained i n  th i s  series. %e only changes made 
were to alter those hpt prameters (of which there were w) 
which corresponded to available input ass ions i n  NEPF85. The 

pirmeter &ancja?s have been discussed previously, and are listed i n  

Tables 2, 3,  and 5. 

Figures 5 through 7 campare the MEPP-85 and RANS price projections 

fox the Base, LmGrwth, a n d H i a  G r  th scenarios. Again, the long- 

t e r m  trends were reproduced, but mre variation is exhibited i n  the 
early prim. me three gxowt3-1 mrios  exhibit a similar degree of 
agreement. Figure 8 campares the Coplsmfiian projections for the base 
scenario. The trend of 85Os pojectian i s  
Quantitative agreement is actually fa i r ly  , again keeping i n  mind 
the differing treatnents sf natural 
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World O i l  Consumption 
Scenario Set  1 

eo 

50 

40 

30 

2D 

10 

0 
'641'85 'SO '95 'OD 

Lzz] NBPP-65 (Base? RAMS 

Fig. 4. rcrm#rison of mrld O i l  consm@z 'on Projectims 

Scenario Set 1: 
NEPP-85 Base Case vs. 
RAEizs Base Grwth - parameter changes ger W e  2 
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Table 5, I k m d  Grahicth Par ters i n  WPP-85 (Scenario Set 2) 

GMP = GNP Growth; 
E:G = Ratio of grmtPi of primary enerqy use to growth of GNP 

Annual growth of energy use, barring p ~ i m  changes, will be 
the product of these two prmeters. 

81-85 86-98 91-95 96-28 81-10 

H i g h  G r o w t h  
OECD GNP 

E:G 
OPEC GNP 

E:G 
LDC GNP 

E :G 

Median G r o w t h  
OECD GNP 

E :e 
OPEC G 

E:G 
LDC GNP 

E :G 

Low G r o w t h  
OECD GNP 

E:G 
omc GIQ 

E :G 
m GNP 

E:G 

0.025% 3.58 
-16.00 0.64 
7.0% 4.6% 
0.69 1.16 
-0.3% 4.6% 
-10.67 0.76 

0.025% 3.1% 
-16,OO 0.64 
7.8% 4.2% 
0.69 1.13 

-0.3% 4.2% 
-10.67 0.74 

0.025% 2.6% 
-16,OO 0.61 
7.0% 3.7% 
0.69 1.12 

-0.3% 3.7% 
-10.67 0.73 

2.6% 
0.49 
5 5% 
0.88 
5 -0% 
0 .El4 

2.2% 
0 -47 
5 -0% 
0.89 
4.6% 
0 .87 

1.7% 
0.45 
4 5% 
0.89 
4 .I% 
0.88 

2.9% 
0.47 
5 .O% 
1.03 
5 -1% 
0.81 

2.3% 
0.45 
4 .%% 
1.05 
4.6% 
0.82 

1.8% 
0.38 
4 .O% 
1"06 
4 .l% 
0.81 

2.8% 
0.54 
4 3% 
0.90 
4.5% 
0.93 

2.3% 
0.46 
4.0% 
0.93 
4 .0% 
0.96 

1.8% 
0.38 
3.5% 
0.96 
3.5% 
1.00 
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World O i l  Price 
Scenario Set 2 

30 

20 

10 

0 T- I 

‘841’85 ‘00 ‘65 ‘DD 

NBPP-BS (Base) RAMS 

Fig. 5.  Cagparison of World O i l  Price Projecticms 

Scenario Set 2: 
MEPP-85 Base Case vs. 
I?AW Base Crwth - parameter changes per Tables 2 ,  3 ,  5 
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World O i l  Price 
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XBFP--85 (LOW) R4MS 

Scenario Set 2: 
MEPP85 Law case vs. 
RANS Low G r c w t h  - prameter changes per Wles 2, 3 r  5 
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World O i l  Price 
Scenario S e t  2 
111 

70 

Fig. 7. Canparison of World O i l  Price Projections 

Scenario Set 2: 
NEPP85 High Case vs. 
RAMS High Growth - pxameter changes pE?r Tables 2, 3 ,  5 
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World O i l  Consumption 
Scenario Set 2 

1 __-_.-- I 

50 1 
40 

30 

20 

10 

0 1 

'ID 

RAMS 

Fig. 8. Ccaupariwn af World O i l  Cons Project5 

Scenario Set 2: 
NEpp85 Base Case vs. 

Base  Grwth - parameter changes p r  Tables 2, 3 ,  5 



While the aeoOna scenario set was an attmpt to  reproduce the f n p t  

a s s e o n s  of NB?P-85# and allow the output to v q  as it d d ,  this 

scenario is an unabashd attempt to duplicate the cutput & NEPp85, at 
the expense of using rather different input assumptions. As can ke aeen 
in Figs. 9 and 50, the RAMS output, as defined by the oil price and 
consumption projections, can be f o r d  to correspond closely to NEPP-85. 

World Oil Price 
Scenario Set  3 

1 
80 

50 

40 

30 

20 

io 

0 

Fig. 9. Canparison of World O i l  Price Projections 

Scenario Set 3:  
NEpp85 Base Case vs. 
RAMS Base Growth  -. parameter changes per Tables 2, 3 ,  6 
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World O i l  Cm.srnnip tion 
Scenario Set  3 

x 
E 

'841'85 'DO '85 'DO 

Scenario Set 3: 
NEPP-85 Base Case vs. 
RAMS Base G r o w t h  - parameter &anges per Tables 2, 3 ,  6 

To accomplish t h i s ,  especially arbitrary 
(and rather severe) changes were made to the energy deananc9 
parameters which do not aorrespond t o  the MEPPL-85 values (canpire Tables 

5 and 6).  These changes t o  the demand parameters create the m e  effect 
as the WPP-85 judgements and interactions relating t o  short-term supply 
trends (particularly OPEC capacity variations and priceresponsiveness 

of o i l  supp l i e s ) .  
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“able 6.  Demand G r a w t h  E’aramters in Scenario Set 3 (Base Case Ckily) 

G W  = GNP G L C I W ~ ~ ;  

E:G = Ratio af grawth cf primary energy use to grcwth af GM? 

Annual grawth of energy use, barring price changes, w i l l  be trhe 

product of these two praineters. 

81-85 86-90 91-95 96-20 01-10 

OECD GNP 2.0% -2.5% 3.5% 3.0% 2.5% 
E:G 0.50 1.25 1.05 0.80 0.70 

OEBC GNP 7.0% 4.5% 4.5% 4.5% 4.5% 
E :G 1.00 1.00 1.00 1.00 1 .oo 

L D C G N P  0.0% 2.0% 4.5% 4.5% 4 3% 

E :G 1.00 1.00 1.00 1.00 1 .00 

?the most significant parameter adjustment made i n  emulating NEPF 

85 behavior w a s  to the demand elasticity.  The value which  best 

represented NEPP-85 projection khavior w a s  -0.55. This value aMde FWS 

considerably more price responsive than it is when using its default 
value of -1.0. Ihe RAMS default e las t ic i ty  (not used i n  any of the 
scenarios discussed here) w a s  chosen based on recent history (‘75-’84). 
As discussed i n  the RFM docmentation, a value closer to -0.5 is more 
representative of the earlier history. Since the NEpp85 projections 
were ma& using WOIL,, a model that calculates the world oil mket 



year-by- YWK starting i n  1960 (ma lpresmy closely calibrating the 

might either im@iciUy ox: explicitly use a value mre representative of 
that p r iod .  

mdiel fOK the h i S t O r i C 2 d  m r i d  1 0-l980), it is not surprising that it 

The RAMS model has graven capable of reproducing the long-term 

NEPP-85 trends of world price and consumption. Without making 

unreasonable pramete~. ad-j~stmmts~ RAm does not quantitatively 

reproduce the detail of the near-term future as w e l l ,  though it does 
represent the general trends. This is mt especially surprising: it is 

evident from the W P - 8 5  ~ e p r t  that a gcmd deal of &tailed judgement 

went into near tx?rm predictions of energy usage, production patterns, 

and polit ical  wents. RAMS, designed t o  qualitatively represent long- 
term trends and with very l i t t le  demand detail or priceresponsiveness 

of supplier behavior, is not designed t o  capture such r;hort-tem 

nuances. 
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!his appendix is intended to provitk an overview of the RAFIEi World S i t  
Model. This model is designed to  be a tool to  aid i n  planning of 
unconventional liquid fuel R & D programs. It is intended to  pwi& a 

relatively simple, qualitative frarrmork simulating long-term trends i n  

the world o i l  mrket within which market penetratim of alternative 

synthetic and unconventimal fuels my be studied. The nodel design 

emghasizes rohstness, f lexibi l i ty ,  and transparency; it is not intended 
to  be a quantitative tool for precise projection of future oil markets. 

%e d l  is implemented as a Lotus 1-2-3 spreadsheet cn an IBM €C (Ref 

Al) . 
The pl rpxe  of the rrrodel is t o  permit study the Rnetration of 

unconventimal o i l  into the world market. %e means chosen to  

accomplish this was to  &vise a supply/demand equilibrium model the 

world o i l  market (excluding the internal interactions of oountries w i t h  

centrally planned econanies) for the 50-year pried fran 1980 to 2030. 
!&e supply of o i l  from 24 regia-& muroes and 15 uncomentional fuel 

technologies is balanced against oil. demand fran three aggregate world 
regions t o  calculate world o i l  production and price tracks. When the 
world o i l  price exceeds the cost of an unconventional source af o i l ,  it 

w i l l  pne t r a t e  the mrket a t  a rate determined by timing and production 

growth pirameters. 

of 

Chmentional o i l  sources follaw a predetermined production path 
calculated from a generalized equation for production of depletable 

resources, the flubkrt function. The production function for a 
particular source of conventional o i l  (e.g. UET - North Sea) is 
influenced ty the total original resource, the resource oonsumed up to  

the i n i t i a l  = r i d  o€ the rnodel, and the initial psoduction rate. In 

t h i s  model, cost does not influence these F;roduction rates, The model 

implicitly assumes that the prcduczion costs of conventional sources of 
o i l  are less than the world oil price. 'Ibis is a design limitation of 
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the madel: while the 
extreme supply glut scenarioq it: my be beyond its design l i m i t s  while 

doing 

%e abave treatment %Or conventional oil supplies is significantly 

modified for OPEC wmtries. The Hubkrt function formulation is used 
not t o  define actual. pduc=tion, but to  define the t ime trajectory o€ 

production capcity. Actual. production is limited to  a fraction of this 

capacity. This fraction is mnstr9i t o  l i e  between r and lower 
limits intended to  reflect the extremes of recent historical. bhavior. 

Wittin t h e e  allowable ljmits, OPEC production is &brmined by a 

selection of one d behavior options. In the standard khavioz 

option, OPEC acts as t&e "swing" producer, adjusting production to  

accomodate variations i n  world demand. In the other two behavior 

options, OPEC attempts to either achieve a target price, or to maximize 
the world oil price. 7%ese beh ior options are not intended t o  be a 

comprehensive simulation of cartel behavior, but t o  simply provide a 
flexible, i f  rudimentary, framework which can he adjusted t o  encompass 
likely ranges of long-term OPEC i ~ l w n e e  m the world o i l  mrket. 

Synthetic and unconventional oil sources are represented in  more 

detail  than are the mmentional SQUKCES. Fifteen SOUKCES of 

unconventional liquid fuels awe represented, These include 5 SOUKWS of 

CQal liquids, 4 sources of shale oil ,  and 6 sources af tar sands or 
heavy a i l .  a 

series of user-controlled parameters relating to  the e o o n h c s  and 

technology of that  prt icular S O U H ~ ~ .  Am unconventional mue is 

activated when the world o i l  price exceeds the aost of that mu~ce. SO 

long as that source r a i n s  economic, its khavior w i l l  be similar t o  

that of conventional sources of oil,  grming frm a l o w  initial rate 
early i n  its production history and eventually dwindling as the resource 

base is consumed. Should it become uneconomic due to a l c r w  world o i l  

price, production w i l l  decline a t  a rate controlled by the user. Each 
unconventional source of o i l  also pssesses a piirmeter qxeifying ~e 

earliest allawed year for production startup, 

Produckion frm each unconventional mure  is governed by 
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mmtD 

For prposes  of calculating demand, three regions cd the 
world are considered: The Weloped countries (OECT)), OPEC, and the 
less-developed muntries (EDC) . !&e base de3nand for energy is assumed 
t o  graw a t  the rate CY€ 'GM) qowth, modified for changes in energy 
efficiency. Oil demand is initially taken as a historically determined 
share of enerqy demand. O i l  h a n d  will attempk to  grow with energy 

gruivth, but will be modified by the the rquilibration of supply and 
m a .  

Ea& period, the available supplies are brought into equilibrium 

w i t h  o i l  deJlland. mis is &ne by adjusting both and OPEC 

proibction ( to  the extent permitted ky  OF€C behavior constraints) 

according to  their axresponding elasticities. Ihe default values of 

these e las t ic i t ies  are based m r m t  historical behavior,*6 but may 

be adjusted by the user. %e most significant difference between the 
standard scenario and the the scenarios emulating -85 is the 

value of the demand elast ic i ty  ( -1 in the standard scenario versus -.55 
i n  the NEPP cornprison ;swenawios). 

W i d e  latitude is available to the user for the generation of 
scenarios. !the plrpose of the model is to study unconventional fuel 
market pnetration, and consequently a great deal of variability is 

allowed i n  the altjustment of prmeters which nmdify ehe behavior of 
these sources of oil.  In addition several other categories of options 

are available for the exploration of future world o i l  m k e t  scenarios. 

One category, OPEC behavior, has already been mentioned. Another series 
of options permits selection of the size of the mnventional o i l  

resource base. 

The standard scenario is based CBI USGS mean values for estimates of 

e m n d c a l l y  recoverable undiscovered resources in the world.*Zr A-3 
Altermtively, one may choose to  use the USGS "lw" (95th prcen t i l e )  or 
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A fourth series of o@A.ons alllcw selection of high, medium, OK law 
estimates of future o i l  d. fiternate GNP grcrwth/energy efficiency 

estimates are available which €or increased or decreased f u t u r e  d 

€or oil.  Bath the standard and alternative h a n d  projections are 

derived f r m  OEeD sauraes.A-5 

The primary artput of the &l is a forecast of world o i l  price 

and production for conventional and unconventional r4jou~ces. %is 

information, and a consi&mabl.e quantity of supplemental. and 

intermediate calculations, are available through tabular and graphic 

screen displays and tabular printouts, 
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