generally price and income inelastic, and
thus domestic consumption in OPEC
will continue to grow rapidly, even if
domestic prices are raised closer to
world levels in the near future".

* The "International Critical Event
Occurrence", the time when OPEC’s
share of the giobal oil markets reaches
the 50 % level will approximately take
effect by the year 1386 (2007), in close
concurrence  with  the  identified
"Domestic Critical Event Occurrence”. If
Iran is to maintain its OPEC production
share of 14 %, the county's oil
production has 1o be increased to about
6 Million barrels per day by 2007- 2008.
The country’s total production capacity,
at a capacity utilization rate of 85 %,
will have to be increased to about 7
Million barrels per day by such date,

* The stochastic analysis undertaken
estimates an oil capacity expansion
distribution with a Mean Value of 2.99
and a range of 2.87 to 3.12 Million
barrels per day by 2008. This
corresponds to a total oil production
capacity range of 6.72 to 6.97 Million
barrels per day by such date.

* The requisite capital investment
distribution relevant to the
aforementioned capacity expansion has a
Mean Value of § 15,872 Million with a
range of $13,059 Million to § 18,853
Million.

2. Implications

There are a number of findings that
can be derived from the study, which
may have practical importance and
significant implications, specifically from
4 strategic planning viewpoint.

* First and foremost among the
study findings is the observation that,
based on the scenarios forecasted, the
country’s oil production capacity will
have to be doubled from its 1377 (1998)
levels within a decade.

* Secondly, an estimated capital
investment of between § 13- $19 Billion

If Iran is
to maintain its OPEC production
share of 14 %,
the country's oil production
has to be increased
to about

6 million barrels per day
by 2007- 2008

Energy Ecornomics , Feb. 2001

to implement such expansion has to be
secured from the internat sources and/or
global capital markets.

* Thirdly, the tactical and
operational plans to impiement the
expansion program will have to be
initiated, devised and started long before
the future target date of 2007-2008. The
estimated lag time between the start of
investments and the full target capacity
realization, based on industry
benchmarks, could be in the range of 2-
4 years.
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World  Oil Program
(WOFP). This public domain program,
developed and operated by the Institute
on Epergy and Man, of Seattle,
Washington, U.S.A., uses the historic oil
production data and predicts, by
heuristic  techniques, the  future
production for the world's top oil
producing nations, grouped into seven
regions, and the workd (Duncan, 2000).

A complete description of the

Forecasting

theoretical and technical aspects of the
model structure and the detailed set of
its latest findings and conclusions can be
viewed and downloaded at the Internet
site:

WWW.HALCYON.COM/DUNCANRC/

42 The World, OPEC and
Non-OPEC oil Production
Lifecycles

Through the use of WOFP, the oil
production curves for the
aforementioned regions have been
graphed for the years 1960-2004.

This graph is presented in Figure
-10. The years 1960 to 1997 are historic
data. As indicated from this graph:

* The non-OPEC production {curve
3} is expected to peak in 2003,

* The World production (curve 1) is
expected to peak in 2006.

* OPEC production (curve 2) is

expected to peak in 2009.

* The OPEC/Non-OPEC cross-over
point (the 50- 50 market share) is
expected to occur in 2007, with OPEC
assuming  the
position after 2007,

The audit of the WOFP graph is
instrumental

countries dominant

in assessing the other
objective of the present study, namely
the identification of an international
"critical event occurrence”. This event,
the OPEC/Non-OPEC oit production
over point in 20072008 is
identified as the event

Cross-
"critical
occurrence” in the world oil markets,
pertinent to the purpose and objectives
of the present study.

Further analysis of the results of the
aforementioned forecast indicates that
at the world production peak, the global
oil production rate is estimated to be
about 31.6 Billion barrels (86.6 Million
B/D}.

The OPEC's
production, at the crossover point in
2007, is calculated to be equal to about
43.3 Million B/D.

If Iran is to maintain its current
OPEC production share of about 14%,
then it is expected that the country’s oil

share of this

production must be increased to around
6.1 million B/D by 2007-2008.
If, furthermore, it is assumed that

the optimal oil production  capacity

8 : World Oif Fo

Figure - 10: The World Patroleum Life-Cycle: The World Qil Production Peak
ing Program: Duncan. et al, institute Cn Energy & Man, Seattle - Washington
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utilization rate is around 85 %, then the
country’s total oil production capacity
will have to be raised to about 7.2
million B/D by that date.

CONCLUSIONS AND
IMPLICATIONS

1. Conclusions

The purpose of the study was to
design and implement
algorithmically defined
stochastic models to estimate the range
and degree of certainty of Iran's
production  capacity
expansion and the requisite capital

a set of
analytical-

expected il

investment needs.

The following conclusions were
derived from the analysis of the results
in achieving the study’s objectives.

* lIran’s domestic demand for
petroleum products, driven primarity by
the population and per
consumption growth rates has resulted
in a symmetric rate of decline of the
country’s oil exports.

* If a discernible strategy to revise

capita oil

and alter the historical supply-demand
pattern is not devised and implemented,
the "Domestic Critical Event
Occurrence” (the time when Iran’s total
oil exports to production ratio will fall
bellow 50 %), will take effect by the
year 1386 (2007).

* The audit of the relevant literature
and research on the subject tends to
suggest that due to the demographic
and  structurat  exigencies, it is
improbable, if not impossible to curtail
the growth
petroleum products in OPEC economies
in the near future. Chakravorty,
Fesharaki and Zhou (2000), in their

study to estimate domestic demand for

rate of demand for

petroteum products by the major OPEC
economies, under alternative economic
growth and price de-regulation strategies
concluded that "the product demand is
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breakdown of Iran’s off-shore/on-shore
production capacity was estimated to be
10%, and 90%, respectively.

343 The Oil Capacity Expansion
Distribution In 2007/2008

The simulated frequency distribution
of the estimated oil capacity expansion
after 5000 trials is presented in Figure-8.
As indicated:

* The estimated Mean Value of the
oil capacity expansion is 2.99 Million
barrels per day.

* The mode has a frequency of 121,
meaning that there are 121 values in the
that contains the greatest
number of forecast values,

* The mode also has a probability of
0.624 (2.4 %), meaning that there is a

interval

2.4 % chance of value falling within this
interval.

* The certainty level, one of the key
parameters of a Stochastic analysis, is
calculated to be 99.04%, meaning that
there is a 99.04% certainty that the
estimated value of the oil capacity
expansion falls within the range of 2.87
to 3.12 Million barrels per day.

3.44

Requirements

2007/2008
The frequency distribution of the

Capltal Investment
Distribution in

investment
requirements 5000 trials s
presented in Figure-9. As indicated:

estimated capital

after

* The estimated Mean Value of

Energy Economics , Feb. 200!

capital investment
$15,872 Million.

requirements  is

* The mode has a frequency of 108,
meaning that there are 108 values in the
that
number of forecast values,

interval confains the greatest

* The mode also has a probability of
0.022 (2.2%), meaning that there is a
2.2% chance of values falling within the
interval.

* The certainty level, one of the key
parameters of a Stochastic analysis is
calculated to be 99.70%, meaning that
there is a 99.7 % certainty that the
estimated value of the capital
investment requirements falls within the
range of $13,059 Million to $18,853
Million.

4. The International (External)
Supply-Demand Perspective
4.1 Overview

The international demand for

petroleum products and the subsequent
call on OPEC oil is a significant factor
OPEC
countries’ production capacity expansion
decisions. The purpose of the present
study is not to assess the details of the
factors, performance
characteristics or exigencies of the global
oil supply and demand market. One of
the stated objectives of the study,
The World
Petroleum Life Cycle and identify an
international “"critical event occurrence”,
which may indirectly, but most definitely
will impact Iran’s future oil capacity

influencing  the member

underlying

however, is to audit

expansion requirements.

In delincating and appraising the
future world oil supply situation, the
present study exclusively and entirely
relies on the extensive research and
forecast scenarios pgenerated by the

17



Figura - 5: Population Growth Rate & Oit Consumption/Caplta Growth

Rate Input Distributions Assumptions for the One-Dimensional Monte
Carlo Simutation

Annual Growth Rate, %

i -tiie 1.0
Liheliast 114
WY -t 1.6

Selacind Range Is From 1.57 10 1.9

Consumption Qrowth Rate, %

| s un « 2.10]
158 181 210 251 282
Lt - nontal distdbution with parsmetnrs:
% -tie 178
Y, - tlle 247

Belettad Rangs ks From 0.08 te infintty

Figure - 8: The On-Shore & Off-Shore Capital Cost Requiremant Input
Distribution Assumptions for the One-Dimensional Monte Carlo
Simulatlon

On-shore Cont, $/B

4000 4500 2,000 LE L] €000
Trisngular distribution with oacMmReters:
Minieiuin o, D80
Likeltest 5,000
Maximum 5,000

Selacted Range is From 4800 to 4000

Offt-shore Cast, $/B

6,000 7.000 s000 2000 10000

Triangutar distribution with parameters:

MHninwum 1,000
Liknibext 1,000
Maximum 10,000

Balected Range is From 4000 10 10000

% and a 5 % - tile to 95 % - tile range
of 1.62 % to 1.86 % was assigned to the
population growth rate (Figure-5).

* A Log-Normal probability
distribution with a Mean Value of 2.1 %
and a 5 % - tile to 95 % - tile range of
1.78 % to 2.74 % was assigned to the
per capita ail consumption growth rate

OPEC production
will exceed non-OPEC production
by 2007

By 2007,
almost all OPEC production will be
in the Persian Gulf Area

(Figure-5).
* A Triangular  probability
distribution with the minimum, most (

Figure - 7: iran‘s Historlcal {1355-1377/ 1975-1998) Off-Shore Oil Production Ratio, % Total

likely and maximum values of $4,000,

$5,000 and $6,000 was assigned to 1800 o T T e
capital investments required to increase o 1 3
one barrel of on-shore oil production g 1oy
capacity (Figure-6). i 1200
* A Triangular  probability £ 100

distribution with the minimum, most E 8.00 |
likely and maximum values of $6,000, £ sao .
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capital investments required to increase © 2.00 [ Ot P . e B
one barre! of off-shore oil production 0.00 e _:

. - . 1350 1355 1360 1385 1370 1378 1380
capacity (Figure-6). vours i

Based on actual historical

production statistics (Figure -7}, the
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The Assessment of Iran's Expected Oil Production Capacity Expansion and the Estimate of the Requisite Capital Investmaent Profile: A
Stochastic Approach
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M. Naraghi

increase for Scenario-3 + Scenario-4)/2
(Row-41)
The graphical representation of the
production  capacity  expansion
estimates for the outlined scenarios,
along with the normalized estimates (the
sclected Base Case) is presented in
Figure-4.

As indicated, the single wvalue
estimate of the expected oil production
capacity expansion in 1387 (2007-2008)
is in the range of 1.20 to 3.72 Million
B/D.

oil

34 The  Stochastic
Forecasting Module

A Stochastic process, according to
Grawdig and Hubbard (1982), is "a time
series with explicit inclusion of risk by
As
pointed out by Werckman, Hardy and
Wainwright  (1999), "Monte
Simulation is an &éfficient technique that
requires only Random Numbers, a

Modei/

means of probability distributions",

Carlo

mathematically selected value which is
generated by a formula or selected from
4 table probability
It is an

0 generate a

distribution on a computer,
iterative process that continues until the
simulation reaches a stopping criterion".

3.4.1 The Model Structure

The requisite model capabie of
simulating the Stochastic attributes of
the  selected
conceptualized,

Base Case  was

designed and
implemented as a combination of a
Support (DSS),
superimposed on a spread sheet
template in an MS  Office/Excel
The process and the
specific DSS used was the application of
One-Dimensional Maonte
Simulation capabilities of Crystal Ball
2000, a Stochastic Process Simulation
software developed and marketed by
Decisioneering, Inc. of Denver,
Colotado, US.A. The program, an

Decision System

environment.

Carlo
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add-in module to the Excel spread
sheet, is capable of estimating the range
(distribution) and the degree of
certainty of an uncertain (dependent)
by assigning ranges
(distribution) of values to the inputs
(independent) variables.

The outline of the designed model,
along with the parametric values of the
selected Base Case is presented in Table
-3. As indicated, the set of input
(independent) and output (dependant)
variables are highlighted in the table.

variable

3.4.2 The Input Distributions

The following set of estimates and
probability distributions were selected
and assigned to the input parameters.

* Due to marginal rate of growth of
recent history annual oil production
rates (Table-1, Row-2), a single value
estimate is assigned to this parameter.

* A Triangular  probability
distribution with a Mean Value of 1.74
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that Iran’s level of annual oil exports will
be maintained at its 1372 (1993) levels.
This criterion was selected based on two
principal observations. First, the annual
oill export level of 2.91 million barrels
per day in 1372 was the highest level of
exports attained during the audited
historical time horizon (Table -1,
Row-3). Secondly,
historical average annual level of the oil
exports during 1346-1377 (1967-1998)
time horizon is approximately about
295 million barrels per day (Iran
Energy Balances, 1377 (1998).

As indicated in Table-2, the
expected oil capacity increase during
1378 (1999) to 1387 (2008), under this
scenario is in the range of 0.61 to 1.20
Million B/D.

the country’s

3.3.2 Scenario-2

This scenario is with
Scenario-1, except for the assumption
that the country’s oil production
capacity utilization rate of 95 % (under
the existing conditions) is reduced to a
level of 85 %.

As indicated in Table-2, the
expected oil capacity increase during
1378 (1999) to 1387 (2008), under this
scenario is in the range of 1.19 to 1.85
Million B/D.

identical

3.3.3 Scenario-3

This with
Scenario-1, except for the assumption
that the ratios of the annual oil exports
to production be gradually increased
(Table 2, Row-37) to around 70%, by
1386-1387 (2007-2008). As is reflected
in Figure -2, the historical average
annual value for this ratio during
1346-1377 (1967-1998) has been about
80 %.

As indicated in Table-2, the
expecied oil capacity increase during
1378 (1999) 1o 1387 (2008), under this
scenario is in the range of 0.61 to 2.80
Miltion B/D.

scenario is  identical

14

Flgure - 3: Scenario Generation Criterla in Forecasting (Estimating) Oil Production Capacity
Expansion & the Requisite Capital Expenditure Distributions (1378-1387/1999-2008)
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Same as Scanario 83, with Annual Capachy
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3.3.4 Scenarlo-4
This scenario is with
Scenario-3, except for the assumption
that the capacity
utilization rate of 95 % (in Scenario-3)
is reduced to a level of 85 %.

As indicated in Table-2, the
expected oil capacity increase during
1378 (1999) to 1387 (2008), under this
scenario is in the range of 1.19 10 3.72
Million B/D.

The general outline and descriptions
of the above four
presented in Figure -3.

identical

oil  production

scenarios  are

3.3.5 The Normalized Estimate (The
Selected Base Case)
For calculating a
estimate of oii production capacity
increase (Table -2, Row No. 42), based
on the aforementioned four scenarios,
the following algorithmic relations were
defined and utilized in the model:

normalized

NormEst (t) = ((MinVal{t) +
4*(MLVal(t) +MaxVal))/6
Where;

MinVal(t} = Capacity increase for
time. t in Scenario-1 (Row-23)

MaxVal(t) = Capacity increase for
time t in Scenario-4 (Row-40)

MLVal(t) = (Annual Capacity

I Figure - 4: Deterministic Projection of Iran's Oll Capacity Expansion Estimates for {1378-1387/
1

869-2008) For Varlous Scenarios

[=+—=SC1 -B-5C2 ~-5C3 =9-5C4 -e- Estimate |

Ol Capacity Expansion, MMBD
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Table -1: Deterministic Modal of lran's Historical Ol Production/Export/Consumption
Patterns and Energy Efficiancy Indicators, 1371-1377 (1992-1998)
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The
relationships are defined in the model:

Qil Prod (t) = (1+GR1) * Oil Prod
(t-1)

Pop (t) = (1+GR2) * Pop {t-1)

O 1Cons (t) = (1+GR3} * PerCapC
(t-1) * Pop (1)

Where;

Oil Prod () & Oil Prod (t-1) = Oil
production estimates for years t & t-]

Pop (1) & Pop (t-1) = Population
estimates for Years t & t-1

following algorithmic

GR1 = Historical average annual
growth rate of oil production

GR2 = Historical average annuai
growth rate of population

GR3 = Historical average annual
growth rate of per capita oil
consumption

It was further calculated that, based
on published information the country’s
oil production capacity utilization rate in
1377 (1998) was about 95.4 % (Table-2,
Row-19),

Subsequent to the analysis of the
forecast results, the domestic "“critical
event occurrence” was identified and
selected to be the date on which Iran’s
annual oil exports to production ratio
falls below 50 %.

The historical graphical presentation
of this ratio along with the forecasted
statistics from Table -2 are presented in
Figure -2.

As indicated, and assuming that no
discernible policy is implemented to
alter the recent history supply-demand
pattern, the aforementioned “critical
event occurrence” is forecasted to take
place during 1385-1387 (2006-2008).

In assessing the boundary conditions
for the potential range of the forecasted
domestic  oil  production  capacity
and the capital
investment needs the following scenarios

increase resultant

were identified and appraised.

3.3.1 Scenarlo-1
In this scenario, it was postulated

13



upon the appraisal of the domestic
market.

3. The Domestic (Internal)
Supply-Demand Perspective

Iran’s recent historical statistics for
the years 1371-1377 (1992-1998) on
petroleum production, domestic
petroleum consumption and exports and
the relevant demographic measures and
indicators were selected for the purpose
of audit, establishing trends and pattern

recognition.

3.1 Source of Data

The present assessment is entirely
based on  non-proprietary  and
unclassified public domain information.
The primary sources of data are the
annual "Energy Balances of Iran”, for

the years 1371 to 1377 (1992-1998).

3.2 The Deterministic Analytical
Model/Historlcal Module

The analytical model, a spreadsheet
template designed in an
MS/Office-Excel

conceptualized to assess some of the

environment  and
historical trends of the critical supply
and demand parameters of the domestic
petroleum market is presented in Table
-1,

Some of the salient aspects and the
results of the assessment are outlined
below:

* ‘The historical time horizon of the
model is from 1371 (1992) to 1377
(1998).

* The benchmarking criterion is
calculation of the average annual growth
rates of each macro-indicator.

* The macro-indicators targeted
include; Iran’s annual total  oil
production, total oil consumption,

end-use il consumption, primary energy
consumption, population growth, energy
efficiency and oil exports during the
aforementioned time horizon.

Analysis of results indicate that for
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Tabls - 2 : Iran's Estimuied Oil Production, Consumption, Export and Capacity Expanslon
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the aforementioned historical time  template designed in an
interval, the average annual growth rate  MG/Office-Excel environment and

of:
* (il production is about - 0.0865 %
* Crude il export is about - 4.4 %
* Total
4.1%
* The end-usc oil consumption is
about 3.8 %
* Population is about 1.74 %
* The per
consumption is about 2.1 %

oil consumption is about

total oil capita
* The exports to production ratio is

about - 2.5 %

3.3 The Deterministic Analytical
Model/Forecasting Moduie
The analytical model, a spreadsheet
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conceptualized to forecast some of the
future trends of the critical supply and
demand parameters of (he domestic

petroleum  market s  presented in
Table-2.

As indicated, the key parameters
forecasted by the model for the

projected time horizon of 1378 (1999)
to 1387 (2008) include:

* The annual oil production rates.

* The annual population of the
country.

* The annual per capita and the
total oil consumption.

* The total annual oil exports to
production ratios.
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The pivotal role of Iran’s petroleum

seclor revenues in  financing  the
national  development programs and
current expenditures, the substantial

rate of growth in domestic demand for
petroleum products, and the country’s
prominent and historical role in OPEC
mandates that, from a strategic planning
viewpoint, the expected range and the
depree of certainty of the country’s
anticipated production
expansion and the
requirements

oil capacity
resulting capital
investiment be

appraised.

3. Purpose and Objectives
The purpose of the study is to
design  and of

implement a set

algorithmically  defined  anailytical -
stochastic modelis to statistically estimate
the range and degree of certainty of
Iran’s expected oil capacity expansion
and the requisite capital investment
needs, at a target future date.

The specific objectives examined are:

1} To identify the recent history
trends to

and  patterns, pertinent

domestic oil production, .consumption,

Energy Economics | Feb, 2001

exports, population growth, and oil
efficiency measures,

2) To identify a future domestic
critical event occurrence by analyzing
the domestic petroleum life cycle.

3) To identify a future global critical
event occurrence by auditing the world
petroleum life cycle.

4) To identify the degree of
proximity andfor concurrence of these
the future, and
establish a target date.

wo events in to
5) To stochastically forecast the

country’s expected oil capacity
Expansion and the required capital

investment  distributions by  the

Aforementioned target day.

DISCUSSION
AND RESULTS

1. Overview

"Capacity increase is for the Middle
East a logical strategy which will require
significant capital investment: 60 billion
USS, within the next 5 to 10 years (to
increase production capacity from 23.6
million B/D - of which is 2.6 unused - to
3G Million B/D)", (Buresi, 1999).

The present discussion and the study
results intend to address some of the
of the oil capacity
the requisite capital

salient aspects
expansion and
investment, as it pertains to Iran.

2. The Conceptual Model and
the Framework of Study
The "Conceptual Model" specifying

steps
accomplish the study’s objectives, the

the seyuence of taken to
inferences it has performed and the
concepts and processes it has used is
Although the

model has outlined the domestic, as well

presented in Figure -1.

as the international market components
of the demand for Iran’s oil production
the  primary
emphasis of current assessment is placed

capacity  expansion,
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INTRODUCTION
AND STATEMENT
OF THE PROBLEM

1. Introduction

Since the beginning, the petroleum
industry has experienced cycles of
economic prosperity and depressions.
Companies spend a good deal of time
planning ahead so they can anticipate
the future cycles. If they can not
anticipate the future, at least they can
consider alternate scenarios which might
occur in the future and the BEvents that
lead to the End State.

Events influenced by industry
participants, affect the End State, or the
snapshot of future industry conditions.
The sum of the Events and the End
State defines the Scepario, which
embodies the driving forces of:

* Social changes affecting demand
for petroleum products

* Technological changes resulting in
improvement of productivity

* Economic changes in prices, oil
financing and operating expenses

* Political changes affecting the
continuity and risks of investments.

{Bush and Johnston, 1998)

The focus of the present study is to
design a set of simplified analytical/
stochastic models which, by identifying
the critical factors affecting Iran’s
historical oil consumption patterns, can
estimate and forecast the country’s
expected oil capacity expansion and the
capital investment
requirements, at a target future date.

Specifically and in view of the

resultant

uncertainties and the degree of
complexities  associated with such
parameiric  estimation, the study

demonstrates the application of the

One-Dimensional Monte Carlo
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Simulation (Stochastic) methodology in
generating  distributions rather than
single value estimates of the

aforementioned two entities.

2. Statement of the Problem

Production, marketing and the sales
of petroleum products in Iran are under
the sole management of the government
and the revenues derived from the sales
of these products constitute a significant
share of the budgetary income of the
government. It is estimated that up to
70% of the government’s general
budget is comprised of the revenues
derived from these sources {Karbasian,
1999),

Iran has the largest demand and
population of any country in the Middle
East,
grawn rapidly for nearly a dgeade and a
half, with the result that Iran has turned
into a major product importer. The

Iranian product demand has

rapid increase in demand is the result of
robust economic growth, coupled with
extremely low  domestic  prices,
(Chakravorty, Fesharaki and Zhou,
20003,

We assume that the peak of world
oil production will be a watershed in
human history. Based on the results
obtained from the World Oil
Forecasting Program, we believe that:

* Non-OPEC production will peak
about 2003

* OPEC production will peak in
2009

* OPEC production will exceed
non-OPEC production by 2007

{The OPEC cross-over point) and

thereafter, QOPEC will dominate
World production
* By 2007, almost all OPEC

production will be in the Persian Gulf
Area. Some npations may drop out of
OPEC they’re

when domestic

demand exceeds production, with
marginal surplus to export
{Duncan, 2000).



