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This book is used as a basic manual for courses on economics organized by AGIP for its
own personnel as well as for associated companies’. Therefore it is not expected to be an
exhaustive study of the subjects dealt with.

The topics, which are only briefly described in this volume, will be thoroughly discussed
during the courses, according to the different needs of the attendees.

This second edition is practically a reprint of the first one, published in January 1978. Some
chapters, having general andjor illustrative purposes, were neither reviewed nor revised.
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Chapter 1

ECONOMIC POLICY IN THE OIL INDUSTRY
(by M. A. Granata)

INTRODUCTION

By inventing the steam engine, James Watt set off the «Industrial Revolution», providing
mankind with a new way of producing goods.

The revolutionary fact of this event consisted in the possibility, proven outside the narrow
confines of the laboratory, of transferring energy to machines, without limitations of space.
It was no longer necessary to install machinery at the sources of energy (winds,
waterways), but it became possible to bring energy to the machine.

Not only was it clear that the role of machinery in the productive enterprise was assuming
greater proportions, but it also became a proven fact that economic development is
connected strictly and irreversibly with the availability of energy.

This first observation gave rise immediately to a second consideration that has
continuously characterized the modern age: the availability of goods for investment or
finished goods, presupposes a prior availability of the energy source necessary for their
production.

It is said that the value of a produced good is defined as the sum of the cost of the work
incorporated. By now this formulation has been accepted by all those involved in
economic matters.

Now, if work (taken in the broadest sense of the word) can be considered as transformation
energy, the value of goods can thus be defined as the sum of the cost of the transformation
energy used in the production process.

Therefore, considering the type of energy utilized in industry, it is possible to realize that
the cost of producing such energy determines the cost of production, and thus the price of
the final product.

Among the various costs for the production of energy, the ones pertaining to risks (costs
borne without any results) assumes more and more weight. Consequently, controlling risk
means controlling production costs, and finally containing the prices of goods. The
following pages attempt to list, in order of importance, the elements which define the
range of risk involved in a petroleum venture. This is only a tentative summary, and does
not aim to be absolute especially because, in this field, there are numerous ways of
interpreting historical phenomena; these different interpretations can be partly, or
completely, influenced by personal ideologies.



‘he short history of events zonnected with the exploration and production of hydrocarbons
s to b3 considered in this light: it provides observations and points to ponder on the
understanding of the logic governing the decisions of the protagonists involved.

1. ROI E OF HYDROCARBONS IN THE WORLDWIDE ENERGY BALANCE

It can e virtually affirmed, in relation to what was previously stated (that is, that the cost
of prouiuction for a good is the sum of the cost of the transformation energy incorporated
therein), that the quantity of produced goods depends on the quantity of transformation
energy utilized. As proof of this, it is only necessary to take a look at a statistical survey,
which shows that economic and industrial development has been particularly accelerated
in the past decades; this has involved a parallel development in the demand for and the
production of energy, and the pace has been just about as fast (if not faster) as the increase
in gross national products in most countries:

In fact in the last 20 years, the average annual rate of increase in energy consumption has
been equal to 4.6% versus an increase of worldwide gross products ranging from 4% and
5%.

The starting up and/or development of industrialization - which is based on «basic high
energy consumption industries» - has led to a significant increase in the demand for
sources of energy. The increase in the need for energy has been spectacular: in the past 50
years the total world consumption has risen from 1.5 to about 8 billion tons equivalent of
petroleum (TEP).

This rise has not, however, been at the same pace for all energy sources. From 1950 to
1974, cil and natural jas doubled their percentage in world energy demand, passing from
36% to 64%; such an increase surpassed the demand for solid fuels (which dropped from
59% 1> 30%) and it is due to the fact that hydrocarbons resulted to be more economical,
espec ally in view of their low cost (until 1973), their greater heat potential (for equal
volum :s) and their easy treatment (*).

In 197.., the year when the «energy crisis» began, petroleum alone accounted for 48% of the
worldwide demand for energy, versus 19% for natural gas, 29% for coal and 4% for hydro-
geo-niLclear electric sources of energy.

In the sears 1950-73, the average increase in overall hydrocarbon consumption was about
7.5% 17.7% for petroleum, 7.4% for natural gas) whereas the consumption of solid fuels
incre. sed by only 1.8% per year. Hydro-geo-nuclear-electric energy levelled off at average
value in the development of energy consumption, with a value of 5.1%; particular
impo' ance is shown by the fact that nuclear fuels by then maintained a more consistent
perce tage (12.6% of the electricity total for 1973).

(*} W.1ereas electrical energy has maintained its place in the ranks of primary energy sources, more and more
¢ al has been substituted by petroleum for energy needs. This substitution has been taking place since
World War II, and it has become more and more remarkable. In the economy of Western Europe, for example,
coal was the outstanding primary energy source, with petroleum and natural gas In a much lesser position.
D uring the war, the entire coal industry underwent severe damage and was largely abandoned due to either
tt e direct consequences of war (West Germany, Belgium, and France) or the obsolescence of plants (Great
E itain). The European countries thus found themselves facing a seveie shortage of energy necessary for
tt sir reconstruction. Then the path was opened up for petroleum, beig the easiest and most immediate
er argy source, and large quantities began to arrive in Europe from bot" the USA and the Middle East.



In recent years, it appears possible to note a reverse tendency in the breakdown of energy
consumption. The short prospectus below demonstates this phenomenon:

Trend of Worldwide Energy Consumption

Year 1910 1970 1973 1974 1975 1979 1985
(forecast)
Coal 91 % 32.9% 29.7% 30 % 30.2% 29.6% 26%
Qil 5% 44.6% 47.2% 446 % 45.5% 45.6% 45%
Natural Gas 1.5% 16.5% 16.9% 17.2% 17.1% 16.7% 17%
Electricity: )
Hydraulic 2.5% 5.7% 5.4% 5.7% 5.8% 5.8% 3%
Nuclear 0,3% 0.8% 1.1% 1.4% 2.3% 9%

The causes of this reverse tendency can be attributed to the tremendous increase of
production costs which reached so high a level that once again it was necessary to
evaluate the profitability of producing energy from other sources, at prices competitive
with those of oil and natural gas.

The increase of production costs was influenced by macroscopic factors which
simultaneously burst on the scene:

a) the serious deficit in the energy balance of most industrialized countries;

b) the necessity of finding new oil reserves;

c) the role played by Producing Countries.

Any attempt to measure the weight played by each of these individual factors in this
situation would be arbitrary; all of them played a part in the development of new
methodologies (technological and commercial) aimed at containing the risks of new
ventures, risks which were becoming greater every day.

a) Deficit in the energy balance

In the 50's and 60's the ready availability of low cost oil encouraged industrial development
in many countries.

At the same time high production costs, anti-pollution laws and strong emotional reactions
triggered by a series of mining disasters had caused a sharp decline in coal production. As
regards natural gas, various difficulties related especially to high liquefaction and
distribution costs, had slowed down wide-scale use of this energy source; nuclear energy
had run into trouble everywhere due to both the high productian costs and the ecological
problems connected with nuclear power plants.

In this situation there was a stepped up demand for oil products with a subsequent jump in
prices, setting off a crisis in the more industrialized countries; naturally, there was an
increase in production costs too.
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2. ROLE OF PRODUCER COUNTRIES

The producer countries now have unquestioned control over their oil and gas resources.
They reached this objective due to two major developments:

— the formation and subsequent action of OPEC;
— the ever-growing Increase in the producer countries’ share of participating interests.

2.1. Events p'riar to the «Energy Crisis»

At the begenning of the early 60's, the petroleum situation was characterized by a
availability of oil at cheap prices: the reserves discovered between 1950 and 1960 had
quadrupled, from 11 to 41 billion tons, whereas production doubled (1092 million tons in
1960 versus 521 million in 1950). :

This abundance necessarily led to a general elasticity in the market prices, with discounts
as high as 20% on the official prices set by the oil companies who then pledged to use
these discounts as a basis for selling oil to any buyer. It was also inevitable that the posted
prices should follow the trend: for example, in 1960 the price of a barrel of «Arabian Light»
oil, 34° API, was $ 1.80, whereas in 1958 it had been sold at $2.08. This market situation
could not but influence the profits of the major producer countries and they banded
together in 1960 to form an organization called OPEC (Organization of Petroleum Exporting
Countries) (*).

In 1960 the oil produced by the 5 founding members of OPEC accounted for 43% of the
world production (excluding Socialist countries), estimated at 924.5 million tons; on the
other hand, their reserves amounted to 27.4 billion tons, equal to 74% of the worldwide
total.

As time went on, OPEC's policy evolved along two basic lines: new formulas of taxation
and control of production.

A) Fiscal Policy

One of the major objectives of OPEC was to turn around in their favor the current
distribution ratio of the returns on petroleum products; this ratio was largerly in favor of the
consumer countries.

In fact, in the 50's these taxes had been based on the formula of «fifty-fifty» so that the total
amount of Income Tax, Royalties and other fiscal charges accounted for 50% of the
taxable income determined on the basis of sale proceeds. In the 1960’s the so-called

() The original signers of The Pact instituting OPEC on September 24, 1960 were Iran, Iraq, Kuwait, Saudi Arabia
and Venezuela.
It was afterwards joined by the following countries: Qatar (1961), Indonesia and Libya (1962), Abu Dhabi (1967),
Algeria (1969), Nigeria (1971), Equador (1973) and Gabon (1875).
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«OPEC Formula» was introduced; with this formula, heavy taxation was applied to Posted
Prices and the tax rate was unified and brought up to 50%. Another important aspect of
this formula was the Royalty (a rate of about 12.5%) which was no longer considered as a
tax advance, but as a fiscally deductible expense (paid Royalty as an operating cost).
During the period 1960-1970 the total revenues of the OPEC countries (except Algeria and
Indonesia) more than doubled, rising from 2318 to 6610 million dollars; at the same time the
yield per unit of exported crude increased by 11% (from $0.816 to $0.906/barrel). In the same
time period production had risen to 1154 million tons (59% of worldwide production
excluding Communist countries), whereas the recoverable reserves (48 billion tons at the
end of 1970) accounted for 81% of the world total.

However, the increase in profits could not be ascribed to the rise in prices, which were
frozen in that 10 year period, but rather to the changes in demand for oil on the part of the
main consumer countries and the variations in systems of taxation.

In the 10 year period from 1960 to 1970, world energy consumption had in fact increased by
61%, from 3190 to 5148 million TEP; and petroleum was playing an increasingly important
role in satisfying the stepped up demand for energy: worldwide petroleum consumption
underwent a 113% increase, rising from 1065 million tons in 1960 to 2273 million in 1970.

B) Control of Production

All the steps taken in this direction were guided by the OPEC philosophy in which the
producer countries claimed absolute sovereignty over exploration areas and discovered
reserves. The principal measures taken consisted of a series of imposed conditions:

— all explored areas, where no commercial reservoirs had been located, were to be given
up according to a definite timetable and well defined percentages;

— after suitable training, local personnel were to be placed at all management levels;

— the new agreements were no longer stipulated according to the traditional «Concession
Contract» but on the basis of service contracts.

These contracts have a common characteristic in that the oil company acts as an operator
working on the government’s behalf.

That is, the operator takes on the responsibility for exploration, paying in advance all (or
most) of the investments for development and production. In return, he gests theright to a
portion (usually up to 35-40%) of the oil which is produced annually as repayment of
expenses borne («Cost Qil»); he also has the right to receive a share of the residual profits
(Profit Sharing Contract) or the remaining crude (Production Sharing Contract) as
compensation for risks and know-how.

2.2. The Crisis and its Consequences

Control over the oil companies was accompanied by the price fixing of oil products, this
time decided by the OPEC countries. After a 10 year freeze, the Posted price of «Arabian
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ight» which served as the basis on which the prices of other Persian Gulf crudes were
calculated, rose quickly from $1.80/barrel (1970) to $11.251 (1974) and to $12.09 (1977), a
total increase of more than 650%.

Along with the increases in the Posted Prices, the OPEC countries sharply stiffened taxes
-in the Teheran agreements of February 1971 - raising the Royalty from 12.50% to 20% and
the Income Tax from 50% to 85%.

The principal measures taken by OPEC after the Teheran Conference (and in practice
sustained also by non members) can be thus summarized:

— the Geneva Agreements (January '72): a 8.49% increase in Posted Prices:

— the New York agreements (October '72): the producer countries progressively acquired
a 51% share (initially 25%) of the exploitation of their own hydrocarbons:

— the Geneva Agreements (June '73) which meant a further 11.85% increase in the Posted
Prices.

This first set of agreements was followed by a series of measures adopted unilaterally by
the individual OPEC member countries, and also by other countries.

— October '73 - Kuwait Conference - the Persian Gulf countries decided on a 70 - 100%
increase in the Posted Prices.

— December 73 - Teheran - For 34° API Arabian nght taken on the basis of quotations,
the Posted Price increased from $5.032 to $11.651/barrel.

— June '74 - the OPEC Conference decided on a 2% increase in royalties.

— September '74 - Vienna - a series of measures was decided upon which was to cause a
further increase of 9% on petroleum revenues to take effect as of December of that
year.

— December '74 - Meeting of 6 OPEC countries at Abu Dhabi: royalties and income tax
rates were brought up to their present - levels.

The combination of the price increase and new tax rates enabled the producer countries to
increase their total and unitary oil profits. Total earnings went from $7,729 million in 1970 to
$88,800 million in 1974 (*), and the unit take went from $0.95 to $8.34 per barrel.

The transfer of more than 145 billion dollars to the producer countries in a period of 5 years
caused enormous problems in the industrialized countries. In addition to the upsets in the
balance of payments, western economy collided with the «<new course» begun by the OPEC
countries who had proven the vulnerability of the consumer countries with the oil embargo
adopted in 1973 following the War of Yom Kippur.

The changes in the petroleum market have been bringing countries to seek new formulas of
international cooperation.

The OECD (Organization for Economic Cooperation and Development) countries, formed
IEA (International Energy Agency) with a 25 billion dollar fund, to protect the balance of
payments in those countries most severely hit by the crisis.

(*) Excluding revenues from Ecuador and Gabon.
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POSTED PRICE PER BARREL OF PETROLEUM
BY MAJOR EXPORTING COUNTRIES

YEAR END PRICES

Saudi
Iran (1) Irag Kuwait Libya Nigeria Arabia (2)
Light, Basrah, ex Mena ex Marsa Light, ex Ras
ex Kharg lIs. ex Fao al Ahmadi el Brega ex Bonny Tanura
YEAR 34.0° - 34.9° 35.0° - 35.9° 31.0° - 31.9° 40.0° - 40.9° 34.0°-34.9° 34.0° - 34.9°
1950 $.. $.. $.. 5 $.. $ 1.750
1951 1.670 1.750
1952 1.670 1.750
1953 1.920 1.720 1.970
1954 1.910 1.920 1.720 1.970
1955 1.910 1.920 1.720 1.970
1956 1.910 1.870 1.720 1.970
1957 2.040 1.980 1.850 2.080
1958 2.040 1.980 1.850 2.080
1959 1.860 1.800 1.670 1.900
1960 1.780 1.720 1.590 1.800
1961 1.780 1.720 1.590 2.230 1.800
1962 1.780 1.720 1.590 2.230 1.800
1963 1.780 1.720 1.580 2.230 1.800
1964 1.780 1.720 1.590 2.230 1.800
1965 1.780 1.720 1.590 2.230 1.800
1966 1.790 1.720 1.590 2.230 1.800
1967 1.790 1.720 1.590 2.230 2.170 1.800
1968 1.790 1.720 1.590 2.230 2.170 1.800
1969 1.790 1.720 1.590 2.230 2.170 1.800
1970 1.790 1.720 1.680 2.550 2.420 1.800
1971 2.274 2.259(3) 2.187 3.399 3.178 2.285
1972 2.467 2.451(3) 2.373 3.620 3.409 2.479
1973 5.254 4.978(3) 4.822 9.061 8.404 5.036
1974 11.475 11.272(3) 11.145 15.768 14.691 11.251
1975 12.495 12.400 12.151 16.060 13.070 12.376
1976(4) 11.620 11.500 11.230 12.620 13.160 11.510
1977(4) 12.810 12.600 12.270 14.200 14.570 12.700

(1) Prior to 1966 port of export was Bandar Mashur.
(2) A.P.1. gravity for crude is 36.0° - 36.9° from 1950-1956.
(3) Ex. Khor-al-Amaya.
(4) State sales price.
AUTHORITY: “PETROLEUM ECONOMIST"”

20th Century Petroleum Stats., 1978

= 4F «



Moreover, the most important initiative of IEA was the North-South Conference held 11
Paris in December '75. '

The conference, which was originally supposed to be only a meeting on energy problems,
broadened its scope to become a conference on international cooperation between
consurners and producers.

THE LATEST DEVELOPMENTS

During the months following the 1973-1974 oil crisis, observers from many parts of the
world frecast that, within a decade or so, OECD countries would reach such a degree of
autonomy in energy supply, to enable them to reduce sharply oil imports from oil producing
countries.

The "¢ utonomy plan”, worked out by the Nixon administration, should have been put into
effect in 1985. But studies carried out later, showed that 1985 would be the year of the
second crisis. Historical events showed that experts’ forecasts were too optimistic. The
threatened second crisis has come foreward with more than five-year advance.

Why? There are manifold reasons but most of them have a common characteristic: the
pernicious over optimistic view which drove industrialized countries to consider the oil
crisis as a problem to be tackled with in the long term.

— In spite of annual summits, OECD countries did not succeed in working out and putting
into effect far-reaching energy strategies. IEA proved to be unable to cope with energy
problems and lost a great deal of its reliability at political level.

— Since no monetary policy aimed to curb inflation was achieved, the increase in
production costs inevitably eroded the profit margins obtained by oil producing
countries after the sharp increase of oil prices during the years 1973-1974.

— Developed countries underrated the role played by countries belonging to the Third
World (neither oil producing nor industrialized countries) in the economical and
political balance. It is common knowledge that these countries are poor, indebted and
vulnerable; thus, they are subject to political and social turmoils.

— Developed countries adopted as a yardstick the development and cultural patterns
pertaining to the Western World.

— The revolution which took place in the Muslim World.

Since OECD countries stubbornly continued to consider the developments of the energy
crisis as a long term problem, they did not adopt medium or short term economic patterns.
Instead of fostering production from new energy sources, within the framework of an
emergency economic policy, the developed countries prefered to follow competition-based
standards, waiting for the expected increase in oil prices as an incentive to develop other
energy sources.
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The attached diagram clearly shows how projects for natural gas liquefaction are affected
by oil prices.

Oil prices, which increased moderately and gradually during the years 1977-1978, rocketed
up abruptly when, at the end of 1978, the Iranian political crisis created the favourable
conditions for further increases imposed by OPEC countries.

CONCLUSIONS

In the harsh light of reality, the 1973-1974 oil crisis showed the demand inelasticity in front
of a steady drop in supply.

Since the energy problem has always been considered as a question to be settled in the
long term, the oil market - at least throughout the eighties - will be characterized by
recurring structural tensions. There might be short truce periods due to occasional surplus
during the early eighties, but the general trend will be quite different.

We think that the outstanding elements characterizing the situation at hand - which shall
be taken into serious consideration - are mainly linked to the following considerations:

— The oil production from most OPEC countries has now reached the top levels. Thus,
there could be an estimated 3-4 million barrels a day to reach the maximum capacity
level in terms of production. As a consequence of this, OPEC countries might set up a
policy based on production cuts aimed on one hand to safeguard their energy stock,
and on the other to curb inflationary trends due to internal as well as to foreign causes.

— Non OPEC countries. The USA and the USSR are going to face a rapid and relentless
drop in production. Oil production from the North Sea cannot but cover, for a few years,
the increasing demand of the European market. Other countries, such as Mexico, India,
Malaysia and perhaps Brazil too, might boost their production which, however, will be
allotted to meet the internal demand, since these countries are undergoing a steady
development and therefore will be in need of constant energy supply. Thus, they will
give only a small contribution to the industrialized countries’ demand for oil.

— Oil as a political weapon. Since the Western World willfully disregarded or at least
belittled, for too long a time, the economic cultural and social needs and conditioning
of developing countries, oil producing countries are going to use oil as a political
weapon to safeguard their rights to development and to claim their identity as nations.

This attitude was clearly and dramatically shown by the Islamic revolution which brought
about unexpected outcomes - at least in the eye of Western standards.

If the industrialized countries continue to leave out of view this reality and to believe that

the oil problem merely depends on prices and/or political and strategical retaliation, the
future will bear dreadful consequences for everybody.

. 19 -



Graf. 15 - Underestimated amount of income tax to be paid
when economics in constant costs and prices
Escluding error due to the financial charges (if any)
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ACCUMULATIVE CRUDE OIL PRODUCTION
OF UNITED STATES AND WORLD TO JANUARY 1
(THOUSANDS OF BARRELS)

Percentage
Provided by
Year World United States United States
1918 6,990,481 4,252,644 608
1919 7,493,996 4,608,572 615
1920 8,049,871 4,986,939 62.0
1921 8,738,755 5,429 868 62.1
1922 9,504,757 5,902,051 62.1
1923 10,363,655 6,549,582 62.3
1924 11,379,391 7,191,989 63.2
1925 12,393,709 7,905,929 638
1926 13,462,642 8,660,672 64.4
1927 14,550,465 9,440,546 64.8
1928 15,822,047 10,341,675 65.4
1929 17,146,821 11,243,149 656
1930 18,632,688 12,250,472 65.7
1931 20,042 725 13,148,483 65.6
1932 21,415,257 13,999,564 65.4
1933 22,724,934 14,784,723 65.1
1934 24,167,080 15,690,379 64.9
1935 25,669,368 16,598 444 6846
1936 27,343 B63 17,585,040 64.3
1937 29,135,403 18,694,727 64.2
1938 31,174,634 19,973,887 64.1
1939 33,162,675 21,188,242 63.8
1940 35,248 B35 22,453,204 63.7
1941 37,398,656 23,806,418 63.7
1942 39,169,313 25,208,646 636
1943 41,112,413 26,595,291 638
1944 43,969,050 28,100,904 63.9
1945 46,561,339 29,778,808 64.0
1946 49,156,036 31,492,463 64.1
1947 51,901,466 33,226,402 64.0
1948 54,923 605 35,083,389 63.9
1949 58,356,830 37,103,574 63.6
1950 61,760.972 38,945514 63.1
1951 65,563,967 40,919,088 62 4
1952 69,846,697 43,166,799 61.8
1953 74,351,405 45,456,635 61.1
1954 78,149,460 47,813,717 60.4
1955 84166303 50,128,705 59.6
1956 89,792,186 52,613,133 586
1957 95,916,862 55,230,416 576
1958 102,355,306 67.847.317 56.5
1959 108,963,056 60,296,304 55.3
1960 116,096,294 62,870 894 541
1961 123,770,754 65,445,827 529
1962 131,956 B&7 68,067 585 51.6
1963 140,838 825 70,743,774 50.2
1964 150,377,171 73,496,467 489
1965 160,686,815 76,283,319 475
1966 171,749,330 79,131,833 461
1967 183,771,116 82,158 596 44.7
1968 196 685,456 85,375,338 43.4
1969 210,831,774 B8,704,380 42.1
1970 226,054,285 92,076,131 40.7
1971 242772993 95,583 581 394
1972 260,435 786 99,047 495 8.0
1973 279,036,287 102,502 863 36.7
1974 299,404,268 105,863.766 354
1975 319.941,995 109,066,351 341
1976 339.439,599 112.118.399 330
1977 360.631.139 115,094,579 n9
1978 382 457 388 118.079.939 09

AUTHORITY: UNITED STATES DEPARTMENT OF ENERGY
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Graf. 13 - World demand for refined products
Average annual growth rate 1962-1974 = (
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Chapter 2

INVESTMENT POLICY
(by M. A. Granata)

The major difference between a purely scientific research and research with industrial
purposes lies in the type of results expected.

1) In the first case, the result is predominantly scientific.

2) In the second the result is economic.

Thus in industry the investment policy is of utmost importance.

1) Definitions

An evaluation of the economic profitability of starting an exploration, development and
production program has to take into account the investment policy of each industrial firm.
An attempt has been made to provide some definitions regarding several notations used on
the following pages; these definitions are necessary for a correct interpretation of both the
text and, in a more general sense, of the results of the economic evaluations.

Investments:

these consist of those portions of the firm's capital (in durable goods) which can contribute
to the firm’'s income.

Specifically: by investment we mean the whole series of plants, structures and infras-
tructures necessary to produce a good. All of this is locked up capital which is
continuously being used to create profit for the firm. Investments are thus goods which are
not destined to be rapidly used up.

Operating Costs:
these are costs which use up capital for an individual financial period, usually equal to one
year.

Income of the Enterprise:

this is the increase in capital occurring in a certain time period (financial period) due to
management of this capital. This term must be considered in the broadest sense: it
includes both the positive and negative changes occurring in the capital. In technical
language «incomen is called profit or earning power if it is positive increase, it is called loss
if there is a negative increase (decrease).

Two subjects can be distinguished in a company:

Economic:

this consists of the person or group of people who control the company and in whose
interest the company is managed.
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Chapter 2

INVESTMENT POLICY
(by M. A. Granata)

The major difference between a purely scientific research and research with industrial
purposes lies in the type of results expected.

1) In the first case, the result is predominantly scientific.

2) In the second the result is economic.

Thus in industry the investment policy is of utmost importance.

1) Definjtions

An evaluation of the economic profitability of starting an exploration, development and
production program has to take into account the investment policy of each industrial firm.
An attempt has been made to provide some definitions regarding several notations used on
the following pages; these definitions are necessary for a correct interpretation of both the
text and, in a more general sense, of the results of the economic evaluations.

Investments:

these consist of those portions of the firm's capital (in durable goods) which can contribute
to the firm’s income.

Specifically: by investment we mean the whole series of plants, structures and infras-
tructures necessary to produce a good. All of this is locked up capital which is
continuously being used to create profit for the firm. Investments are thus goods which are
not destined to be rapidly used up.

Operating Costs:
these are costs which use up capital for an individual financial period, usually equal to one
year.

Income of the Enterprise:

this is the increase in capital occurring in a certain time period (financial period) due to
management of this capital. This term must be considered in the broadest sense: it
includes both the positive and negative changes occurring in the capital. In technical
language «incomen» is called profit or earning power if it is positive increase; it is called loss
if there is a negative increase (decrease).

Two subjects can be distinguished in a company:

Economic:

this consists of the person or group of people who control the company and in whose
interest the company is managed.
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The expected rate of return (to be calculated beforehand) represents the real parameter for
expressing a judgement on the economic convenience of going ahead with the investment
program under study.

It is defined by a combination of various factors:

a) the relationship between the borrowed capital (mortgaged from investment banks, or
from any third party outside the company) and equity capital (that is, the capital which is
directly available from the company's finances): C,/C,

b) interest rate on borrowed capital: ry

c) interest rate on equity capital: r,

d) rate of risk correlated to the probability of success: p
e) expected inflation rate: s

It is to be noted that an initial judgement on the viability of the project is implicit in the
value of parameters a) and b).

This value is, at least in good part, free from the planner’s favor or disfavor towards the
project because it is influenced by the neutrality of the third parties involved in the venture.

Reference to points “d" and “e". While for the rate of risk “p" it is very easy to understand
the economic meaning of the results which can be obtained in terms of mathematical
hope, “'s” entails a deeper analysis.

If economics are carried out at constant prices and costs, the economic indicators
resulting from calculations are scarcely reliable.

There are two essential reasons for this:

— financial burdens, as far as they come in, are often comprehensive of the inflation rate.
The outcome is that an element is introduced which affects anomalously both the tax
incidence and the final results;

— when the tax burden is calculated, it is inevitably under estimated. The two diagrams
attached emphasize the occurring error rate (expressed in price percentage, net of
royalties).

For instance, if we consider that a 5% error on a 35 § x 0.8 price (net of royalties)
corresponds to 1.4 $/barrel, we realize the importance of the error, above all if it is related to
the producer’s current margin of profit.

If economics are calculated taking into consideration the inflation rate and if indicators are
seeked on the Deflated Net Cash Flow, the error may drop to negligible values. This means
that the percentage is the same but it is related to the difference between the theoretical
escalation rate and the real escalation rate.
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when K=0,t= 1 year (fiscal period), dR,, A, and R, accrued or expensed during the whole
year t, the previous formula can be rewritten as follows:

n
PWV, = E A1+ r)~t+0.5 + dH, (1 + n—t+05 4 R, (1 + =" +0.5
t=1

That is the generalized formula normally used.
If, for the purposes of the evaluation, the inflation rates is also considered, then:

PWV., ' =PWV,

(1 + 8)

where # is the “deflator”.
(1 + s)

If the total rate of risk is also considered, then:

PWV., ' = PW.V,

p

Expressed in this manner the formula is valid for the first calculation method (Present
Worth Value Method). If the second method is to be applied (Internal Rate of Return aimed
at calculating the Average Annual Rate of Return), then it is necessary that:

PWV. =0

The unknown will then be represented by the discount rate «r» which is to be determined by
iteration method.

7) Economic Profitability Evaluation

The project under study will appear more or less advantageous, from an economic
standpoint, according to the increase (or decrease) of the P.W.V. (first method) or of the
A.A.R.R. (in the second), given by the value «r» for which the result of the equation is zero.
However, both methods immediately reveal (the first explicitly, the second implicitly)
whether the invested capital allows any margin of profit.

The necessary conditions are that:

a) PW.V. >0
b) A.AARR.>r,
where r, is the interest rate on equity capital.
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The greater the difference between the two terms, the more profitable will be the project
under study.
The following two graphs summarize the logic underlying the two methods.

Recommandations

a) If economics are carried out without taking into consideration the inflation rate, they
can provide a merely expeditious examination.
The combination of computing elements can nullify the meaning of the indicators
found.(1)

b) The profitability rate AARR is only one of the possible indicators and in some cases it is
not significant. Experience together with the skill in appraising the computing elements
and methods used, can give a better understanding of AARR reliability and can suggest
the most meaningful economic indicators, among others, for decision making purposes.

(1) Ccmpare, for instance, what said in chapter 5.2.
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Chapter 3

OUTLINE OF FINANCIAL MATHEMATICS
(by R. Lambri, A. Pasutti, M.A. Granata)

- Nomenclature and symbols

value of principal sum, at a specified time

value of the interest yield of principal sum at the end of «n» years
amount (sum of the principal and interest at the end of «n» years)
effective annual interest rate

nominal annual interest rate

equivalent interest rate

number of years

number of periods considered in a year

(1 + i) growth factor

1__~ discount factor

(1+1i)

= present worth value of an annuity

S'H'[i S

z

In financial transactions it is customary to pay compensation for the loan of a sum of
money; this depends on the amount of money borrowed and on the time and is called

amount of an annuity

deferred time

«interest».

Rate of interest

The percentage rate of interest «i» states that for every $ 100, an interest of $ 1in one year is

obtained.

A sum of money, or Principal $ «P» contains P/100 times $ 100, and thus earns in 1 year

interest of $ (P/100) i, and in n years $ |, where:

Interest

P.i.n.

— which is to say:

Principal x rate of interest x no. of years

100
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From the previous equation we can obtain the following formulae:

Interest formulae for n years m months d days
Interest | & I e ...
100 12 x 100 365 x 100

100 x | 1200 x |

Principal P i P > p o BHOXI
ixn ixm ixd
100 x | 1200 x | 36 x|

Rate of interest | = I } = —— i = ._._.__.500
Pxn Pxm Pxd
100 x | 1200 x | 36500 x |

Time n= —— m= ——— d = ——
Pxi Pxi Pxi

Example: the interest | on a principal P = 400% in 5 months at interest rate i = 9% is:

| 400 x 9 x5 =

12 x 100

Compound Interest

Saving banks add the interest accrued at the end of a year to the principal; hence in the
following year interest is also calculated on this interest.

This method of calculation is called compound interest.

Anr uities are sums of money paid at fixed intervals of time, for example year, semester,
qua ter etc.

An iitial sum (at the moment «O»), i.e. a principal P, yields interest of:

L= P,y % i in one year
°7 %" 100

At t1e end of the first year (or at the beginning of the 2"d year) the new principal will
bec me:

i
P, =P, +1,=P + P, -
1 o o o o 100

i
= Po(1+——)
¢ 100
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Assuming that: (T =) = f
100

where r is the growth factor, the previous formula can be rewritten:

P1 = PD 3
From the beginning of the second year, the principal P, will earn interest. In one year this

increases by

i
100

P, =P, + P,

i
100

P, =P, (1+ )= Pt

but, since P, = P, - r, then the total amount at the end of the second year will be:
Pz = Po-r-r = Pcfz
The same argument holds for the 31, 4th _ nth year.
At the end of the n'h year, the principal P, has been increased by compound interests and
reaches the sum which is called the amount,
A= n = Por”
Example. At 6% year by compound interest rate, a principal P, = 1500 $ grows to the

amount $ 2007.33 in 5 years; the interests for the individual years are shown on the
following table:

Principal $ Interest $ Amount $
Year at beginning at the end at the end
of the year of the year of the year
1 1 500 90 1590
2 1590 95.40 1 685.40
3 1685.4 101.12 1786.52
4 1786.52 107.19 1893.71
5 1893.71 113.62 2007.33
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If the interest had been simple, the principal would have grown to the amount:

P, = 1500
Interest 0.06 x 5 x 1500 = 450
Amount A = 1950

Present value

For a known amount A = P and a growth factor r, the initial principal P, can be calculated
from the compound interest formula:

PI‘I
P, = or, generally
rn
A
P, = —
rn
_ 1 ;
Assuming SR (discount factor)
r
we thus have
P, = AV

Annuities

The most important form of income from investments is the annuity, that is a sequence of
payments made at previously determined times over a certain number of years.

Each payment of an agreed amount, called «instalment», is usually paid at the end of each
of the time intervals considered (instalment paid in arrears) and, seldom, at the beginning
(instalment paid in advance).

If the instalment had been invested at i% compound interest, gradually as they were
received, then at the end of a certain period they would accumulate to a certain sum called
the «amount» of an annuity:

The present value is the sum of money that has to be paid at the beginning of the period if
the amount of the annuity is to be effectuated in a single payment.

Annuity payable in arrears
The instalments b payable at the end of each year accumulate to a total amount S (at the

end of the nth year) which is the sum of a geometric series.
In fact: after n years, the first instalment b has the value
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the second, the value

I e

and so on; the latest instalment b has just been paid.
Example:n = 4

time 1 2 3 4 =n

| e | | — | |

instalment b, b, b, b,
b,-r B =n-1)

[—3 years —-—F
b, - r? {2 = n -2

2 years
—by - r = n =3
1 yr -

b r° 0 =n- 4

The total amount S, of an annuity payable in arrears in then the sum of the geometric
series:

S, =b+b.r+b-rP+b-P+ ... +b-r"24b.r?

n

and, generalizing:

S4=b T =1 amount of an annuity payable in arrears.
pe=11

o



To calculate the present value a of an annuity, the amount S, has to be discounted at the
time zero by the discount factor vd = 1/r",

The present value becomes

developing this formula, we obtain

(1 +ip—1 1 5 i 1+ ip—n—@1+ i)
i A4 i
and finally:
11— i ;
aﬂ = ——.b Present value of an annuity payable in arrears.
1

Annuity payable in advance

If the annuity is paid in advance, i.e. at the beginning of the year, each instalment b will be
subject to interest for one year longer.

From the compound interest formula, the amount S, of the annuity is therefore r times as
much as the annuity payable in arrears:

— r—1
Sy e b or
i r—1
& =r. =1 Amount of it
%= rﬁ mount of an annuity

payable in advance.

and finally
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r-.l_n.I { = ——.b Present value of an annuity
payable in advance.
Annuity payable after «z» years

If agreed, the payment of the annuity can start after a certain number of years «z».
This means that:

— the amount S i yields compound interest for z years

— the present value aq has to be discounted for z years

where z is the year in which the first payment will be made: In brief:

1) If the annuity is payable in advance:

zZla L= VZJ—V“

i . b Present value

ZIS—.. = r _

Al Amount

2) If the annuity is payable in arrears:

< gt A= g

z/a mi = Present value
1—v
b P—=1
2/S4, = ' _._i.___..b Amount
Equivalent and Nominal Interest Rate
A) Equivalent interest rate «i»
e = (1 + ) —1 that is, the rate «i,» regarding 1/k of a year is equivalent to

the annual interest rate «in.
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B) Annual nominal interest rate

(B,) annual interest rate «j,» convertible k time during the year corresponding to the annual
(effective) rate «in»

I = K I:n +i}""—1]

(B,) annual effective rate corresponding to the nominal convertible rate «j, »
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Chapter 4

GENERAL ASPECTS OF EXPLORATION AND PRODUCTION
IN THE OIL INDUSTRY
(by M. A. Granata)

1. THE NATURE OF THE OPERATIONS

1.1. An analysis of the risk involved in an enterprise must necessarily cover the following:

a) the type of risk: the range of risk the company is willing to run;
b) the extent of the risk: the amount of capital involved;
c) the duration, that is, the period necessary to recover the invested capital.

The general characteristics of the gas and oil industry - in particular, the composition,
formation and location of hydrocarbons and the techniques required for their exploration
and production - involve highly complex problems.

In order to be sufficiently aware of the proportions of the stakes involved (investments,
types of operations, etc.), the overall picture, even if only the broad outlines, must be
examined.

As a rule, hydrocarbons are only found in sedimentary rocks; exploration is therefore
limited to the one third of the earth’s surface which is composed of these rocks (see map
on the following page).

The methods used to explore for both oil and gas are the same. Exploration aims to localize
possible hydrocarbon reservoirs underneath the earth’'s surface. The location of these
«hydrocarbon traps», which have widely varying shapes and sizes, is determined by
investigations carried out on the surface, and corroborated by drilling which may reach
depths up to several thousand meters.

Itis easy to see from this brief outline that the series of operations to be carried out has to
be carefully planned.

This is especially true in view of the fact that explorational zones are assigned on a licence
basis (exclusive or not) for limited periods of time. This means that programs have to be
formulated in accordance with the plants and technologies which are owned or to be
purchased.

In general the logical sequence of operations to be followed in an explorational venture is
the following:

— Study of the areas which may be of geological interest.
— Negotations with the Governments in order to acquire a licence.
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SHARING CONTRACT

Prospect A B C
Recoverable reserves 108bbls 88 159 262
Economically, recoverable
reserves 108bbls 88 159 262
$/bbl $/bbl $/bbl

Exploration investments 106$ 30 0.34 30 0.19 30 0.11
Development investments 106g 180 2.05 240 1.51 300 1.15
Operating costs 106§ 221 2.51 306 1.92 418 1.60

Total technical costs 1088 431 4.90 576 3.62 748 2.86
Profit oil 108§ 626 7.1 1342 8.44 2426 9.26
Domestic market 10% 46 0.52 84 0.53 139 0.53

Total Government take 108§ 672 7.63 1426 8.97 2565 9.79
Total costs 108§ 1103 12.53 2002 12.59 3313 12.65
Total revenue 10%% 1263 14.35 2282 14.35 3760 14.35
Profit 10°g 160 1.82 280 1.76 447 1.70

P.W.V. (i = 10% as of

start of production) 106§ 22 78 165
Rate of return % 11.8 14.9 18.1
Pay out time

(from start of production) years 3.1 2.7 2.4
N.T.LR. n° 1.8 2.0 2.4

Distribution of the profit after technical costs

Government 80.7% 83.6% 85.2%
Company 19.3% 16.4% 14.8%
100.0% 100.0% 100.0%
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SHARING CONTRACT

CASE A: recoverable reserves

Prospect A B C
Reserves 10%bbis 88 159 262
Total Investments (expl. & develop.) 106g 210 270 330
Profit 10%% 159 279 447
P.W.V. of the profit 105¢ 21 78 165
(as of start of production)

Rate of return % 11.8 149 18.1
Pay out time (from start of production) years 3.1 2.7 2.4
N.T.L.R. n° 1.8 2.0 2.4

* * L 4

CASE B: well optimization

Prospect C
Wells n® 20 30 40
Total Investments (expl. & develop.) 1058 260 330 440
Profit 10%% 408 447 447
PW.V. (i = 10% as of start of production) 10%% 140 165 151
Rate of return % 16.5 18.1 16.6
Pay out time (from start of production) years 20 24 26
N.T.LR. n° 26 2.4 2.0
* * *
CASE C: time is money
Prospect C
Years for build up: n° 2 4 6
Total investments (expl. & develop.) 108g 330 330 330
Profit 10%% 426 447 476
P.W.V. (i = 10% as of start of production) 10§ 176 165 152
Rate of return % 21.3 18.1 15.7
Pay out time (from start of production) years 2.6 2.4 2.3
N.T.L.R. n° 23 2.4 2.4
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