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ABSTRACT

Many factors impact the demand for and supply of oil and natural gas, influence how and
where energy companies invest their capital, and determine the manner in which
countries compete to attract foreign investment. World oil supply derives from the
investment decisions of individual companies, the political decisions of countries in
regard to licensing and degree of foreign investment, and a multitude of other variables
that influence system dynamics, including pric
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1. EXECUTIVE SUMMARY

The demand for oil and gas begins at the individual and corporate level. Individuals drive
cars, heat and cool their homes, and consume food and other services, all of which
require — either directly or indirectly — oil, gas, and petroleum-derived products. Industry
provides goods and services that require energy to function.

Many factors impact the demand for and supply of oil and natural gas, influence how and
where energy companies invest their capital, and determine the manner in which
countries compete to attract foreign investment. The relationship between the various
factors and their relative importance is subj



2. INDUSTRY CHARACTERISTICS
2.1. Business Functions
Oil and gas companies may be involved in several different types of functions:

e Exploration, development, and production,
e Transportation,

e Refining,

e Marketing and distribution, and

e Petrochemicals.

The “upstream” segment of the business refers to exploration and production (E&P)
activities; refining and marketing is “downstream,” and transportation is the “midstream”
segment of the business.

Companies which operate in all segments of the industry are fully integrated, while
companies that operate in one or more but not all segments are called partially integrated
or independents. An independent oil producer, for instance, is primarily involved in only
E&P; an independent refiner is involved primarily in refining. The largest integrated oil
companies are referred to as majors or supermajors. Various other categorizations are
also frequently used, such as international integrated, U.S. integrated, large independents,
small independents, etc. based on market capitalization, proved reserves, and related
criteria.

2.2. U.S. Upstream

A large number of independent producers and a smaller number of fully integrated
companies characterize the U.S. upstream. According to the Energy Information
Administration (EIA), in 2001 there were 179 large® operators in the United States, which
accounted for 84.2% crude oil production; 430 intermediate operators, which accounted
for 5.8% production; and 22,519 small operators, which accounted for 10% production.

In the U.S. offshore industry, 319 working interest owners were reported? in the Gulf of
Mexico at the end of 2003. The vast majority of companies in the Gulf of Mexico are
small, independent firms, but just 21 companies hold the majority of production
responsible for over 80% of 2003 production (Kaiser and Pulsipher, 2006). The top four
producing companies (Shell, Chevron, BP, ExxonMobil) are responsible for over 40%
total Gulf of Mexico hydrocarbon production.

! The EIA defines large operators as producing a total of 1.5 million barrels or more of crude, 15 billion



2.3. U.S. Downstream

The structure of the refining industry has undergone significant change over the past
decade. Once led by a half-dozen vertically integrated majors, the industry is now
characterized by a handful of super-majors and an array of mid-size and small
independents focused on refining and marketing within specific regions and product
lines. Independent refiners and marketers are typically only involved in downstream
activities. The traditional industry model of refining, based on ownership by vertically
integrated oil companies and profitability viewed within the context of a linked supply
chain, has been replaced by refineries operated in a stand-alone profit center mode.

Before 1980, nearly all U.S. refineries were held by integrated oil companies, while
today, ownership structure is more diverse and concentrated. In 2005, the top three U.S.
refiners processed 36% of total crude oil; the top 10 refiners processed 77%; and the top
20 refiners processed 92% (API, 2005). Independents currently own about 64% of U.S.
refining capacity versus 51% in 1990. Foreign ownership has risen from 19% of total
capacity in 1990 to about 25% in 2005. Royal Dutch Shell, BP, Total, Saudi Aramco, and
Petroleos de Venezuela SA are major foreign owners of U.S. refining capacity.

The majority of distillation capacity is currently concentrated in large, integrated
companies with multiple refining facilities. Fifty-five firms, ranging in size from 880
barrels per day (BPD) to a combined refinery capacity of 1.8 million BPD comprise the
industry (EIA, 2005). About two thirds of firms are small operations producing less than
100,000 BPD and representing about 5% of the total output of petroleum products. Large
refiners often manage both large and small refineries, while small operators mainly
specialize in asphalt, lubricants, and other niche products. Integrated firms such as
ConocoPhillips, ExxonMobil, BP, and Chevron maintain a global portfolio of petroleum
assets. Independent companies like Valero and Sunoco focus primarily on domestic
refining, although they may also be involved in marketing and other operations. Several
joint ventures and partnerships also exist.

2.4. Business Characteristics



Oil and gas exploration and development is a high risk, capital intensive business.
Finding oil and natural gas throughout most of the world is difficult, costly, and
uncertain. The cost of obtaining leases and conducting exploratory work requires an
enormous investment before reserves are quantified and economic viability ensured.

The expenditure of millions and sometimes billions of dollars is required for a single
project, with no guarantees on the success of the outcome. Investment, in its most basic
form, is paying now for the purpose of a reward later. Particularly in oil and gas ventures,
however, there are risks of various kinds that need to be considered. Does oil exist in the
region? If reserves are found are they smaller than expected or decline faster than
geologic conditions suggest? The quality and quantity of the resource is uncertain
because it exists deep underground in heterogeneous rock formations, and as a deposit is
produced, the cash flows are subject to various forms of uncertainty and risk (Table A.1).
Will drilling lead to a blow-out? What is the probability of an earthquake, mudslide, or
hurricane destroying the facilities? Will oil prices remain strong or nose-dive? How will
inflation rates behave? Will the government try to renegotiate the terms of the contract at
a later date? Is nationalization a risk?

Risks arise from the project (construction, operation, production, reserve), as well as
changes in global economic conditions (market, macroeconomic), political circumstances
(regulatory, expropriation), legal conditions (contract, jurisdictional), and force majeure
(natural disaster, civil unrest, terrorism). The higher the risk associated with an
investment, the higher the cost of capital and the higher the return required by investors
and lenders (Grayson, 1960).

After a well is drilled, the reservoir drive pushing the oil to the surface will progressively
exhaust itself if no additional investment is made (Dyke, 1997). To produce at a high rate
of extraction requires more wells, greater production and storage facilities, and greater
transportation capacity. A complex trade-off exists between producing “fast” (large
number of wells, high capital expenditures) or “slow” (fewer wells, low capital
expenditures).

The long-lived nature and high capital cost and risk characteristic of E&P projects result
in a long payout period, and due to the nature of the resource and project life cycle, there
is generally a significant time delay between the magnitude of expenditure and the value
of the reserves. This time delay results in significant problems in accounting for oil and
gas operations, as well as measuring performance, because there is no direct correlation
between the magnitude of expenditures and the value of reserves (Gallun et al., 2001).

The oil and gas industry is large with some of the world’s largest corporations. In the
U.S., 29 major energy companies in 2004 reported operating revenues of $1.13 trillion,
equal to about 15% of the $7.4 trillion in revenues of the Fortune 500 corporations (U.S.
Energy Information Administration, 2005).

The structure of the oil and gas industry is dynamic and highly competitive. Majors,
independents, and National Oil Companies (NOCs) each have different business models,






characteristics (GDP per capital, economic strength, corruption index, reserves), strategic
priorities (revenue growth, security of supply, profit/margin, local economic
development, international/diplomatic relations, infrastructure development), etc.
Demand-side NOCs are changing the nature of competition, offering supply-side NOCs
strategic partnerships that extend to economic and infrastructure development. The
political alignment between nations and their oil companies can bring a distinct
competitive advantage, which will further increase competition for multinational
companies in acquiring investment opportunities.

In terms of reserves, over 90% of the proved oil reserves in the world are under direct or
partial state ownership, primarily in the Middle Eastern OPEC countries. The top 10 oil
and gas company rankings by reserves and production for oil (Table A.5) and oil and gas
(Table A.6) illustrates the absolute strength of NOCs. PFC Energy estimates that 65% of
the world’s proven oil and gas reserves are controlled by governments not open to
western companies; 16% proven reserves are held by Russian companies; 12% by
governments with limited access for investment; and 7% with full access (Ball, 2006).

2.6. Mergers and Acquisitions

Mergers and acquisitions in the oil and gas industry occur for various reasons, generally
related to the need for increased efficiency and cost savings (U.S. General Accounting
Office, 2004), and increasingly, the need to compete with demand-side NOCs and offer
synergies with international partners. Merger and acquisition activity may also be driven
by the desire or need to diversify assets, enhance stock values, and respond to price
volatility. From 1991-2000, over 2,600 merger transactions occurred in the oil industry
(U.S. General Accounting Office, 2004). The vast majority of the mergers
(approximately 85% of the total) occurred in the upstream segment, involving one
company purchasing an asset from another company, such as a refinery, pipeline, or
producing properties. The downstream segment accounted for about 13% of the mergers;
the midstream segment about 2%. The majority of the reported transaction values were
below $50 million, and over 89% of these mergers were asset transactions. About 32% of
the mergers exceeded $50 million and 3% were over $1 billion.

2.7. Corporate Strategies

There are many strategies that a company may pursue in exploration, development, and
production activities. The basic strategy that a company adopts, and the factors that drive
the selection, provides information on the way companies do business and view the
outlook of their industry. Strategies for public companies are frequently disclosed at
investor and Board of Director meetings and can be inferred from annual reports, whereas
strategies for NOCs may not be articulated or known outside the company. The diversity
and depth of strategies that exist in the industry is significant, and no categorization is
sufficiently descriptive to encompass all possible cases. Categories may change as
internal (staffing, assets, successes, failure, etc.) and external (oil price, markets, interest
rates, etc.) circumstances are played out.



For the purposes of discussion, we apply the following classification:

e No specialty,

e Geographic specialty,

e Technological specialty,
e Low cost specialty, and
* Risk specialty.

Companies may specialize within a single category or simultaneously pursue projects that
fall within two or more categories. No specialty strategies are commonly carried out by
the large integrated companies to help ensure that failure in one or more areas is
compensated by success elsewhere. Oil and gas companies that hold geographically
diverse assets across all parts of the supply chain are less vulnerable to specific events
than companies that hold assets in one part of the supply chain in one geographic region.
Breadth of operations allows companies to reduce the volatility of their return on
investment and reduce their cost of capital. Integrated oil and gas companies tend to have
lower volatility of their return on investment than independent companies.



2.8. Corporate Goals
The three primary objectives of every corporation are to:

« Increase its equity appreciation (total worth) to survive and grow,
e Control the total cash flow within, into, and out of the corporation, and
e Maintain or increase some form of dividends to shareholders.

To accomplish these tasks, the company must receive an average positive rate of return
on its portfolio of investments. Since projects and investments appear as cash flows, the
control of cash usually has some form of corporate decision rules and procedures
(Lerche, 1992). The criteria to give a dividend, repurchase shares, or invest in projects are
the capital budgeting decision.

2.9. Capital Budgeting Process

Budgeting is practiced by all public, private, and National Oil Companies, but because of
its encompassing nature, a standardized definition does not exist. A budget is usually
considered the principal management vehicle for the expression of a company’s plans and
objectives for a specified period of time (normally twelve months).

A capital budget is a fixed asset spending plan which in the oil industry tend to occur on a
project-by-project basis. A profitable® oil company is the combination of profitable
projects, and since each project has a different risk-reward strategy, oil companies try to
build a diversified portfolio to maximize the return to their shareholders.

The typical capital budgeting process follows three steps:

1. ldentify all non-discretionary (mandatory) capital expenditures; e.g., new
government regulations, corporate policy, previously initiated projects.

2. Establish the level of funds available for discretionary expenditure.

3. Select investments in descending order of rank until either the total available
funds are exhausted or the minimum acceptable yard stick value reached.

Each step will vary from one organization to another with various techniques and criteria
employed in ranking investment opportunities. Large organizations tend to rank
investments using different criteria and emphasis than smaller companies. The volume
and quality of investment opportunities, and the immediate cash position of the
organization, also impact the way the rankings are perceived and ranked.

% The Royal Dutch Shell statement of general business principles is standard:
“Profitability ... is essential for the proper allocation of corporate resources and necessary to
support the continuing investment required to develop and produce future energy supplies... The
criteria for investment decisions are essentially economic, but also take into account social and
environmental considerations and an appraisal of the security of the investment.”
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3. PRODUCT DEMAND AND SUPPLY

Over the past two decades, the demand for petroleum products in the U.S. has risen
steadily, due in part to a growing population, falling fuels prices, Americans’ preference
for heavier and more powerful vehicles, and an increase in passenger and goods travels.
In 2005, daily demand for refined products in the U.S. was about 21 million barrels,
equivalent to a consumption rate of about 20 pounds of petroleum per person per day. No
other commodity in the history of the world has ever been consumed at such levels.

In 2005, the U.S. consumed about 14 million barrels per day (BPD) in the transportation
sector, 4 million BPD in the industrial sector, 2 million BPD in the residential and
commercial sector, and 1 million BPD in the electric power sector (Figure A.l).
Consumption trends by sector for refined products are shown in Figure A.2-A.5.

The U.S. demand for crude oil and petroleum products exceeds its supply (Figure A.6),
and so the U.S. imports a variety of intermediate and final petroleum products in addition
to crude oil. About 60% of the U.S. petroleum requirements are currently imported, and
although the U.S. is still one of the world’s largest producers of crude oil, its reserves
base is only 3% of the world’s proven reserves (British Petroleum, 2005). For the
foreseeable future, the U.S. will grow increasingly dependent on imported oil for its
needs.

The raw materials and intermediate materials processed at refineries in the U.S. are
depicted in Figure A.7. Refinery output is the total amount of petroleum products
produced (Figure A.8). About 90% of crude oil in the U.S. is converted to fuel products
that include gasoline, distillate fuel oil (diesel fuel, home heating oil, industrial fuel), jet
fuels (kerosene and naphtha types), residual fu
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4. OIL AND GAS RESOURCES

4.1. Fossil Fuels

Fossil fuels consist of plant and animal remains (organic matter) that have been preserved
in rocks. Organic material accumulated in swamp beds and on the bottom of ancient seas
hundreds of millions of years ago, and through sediments of sand and mud and conditions
of high temperature and pressure, a variety of solid, liquid, and gas hydrocarbon
molecules were created, such as coal, oil, natural gas, tar sands, and oil shale. Since the
distribution of swamps and ancient seabeds conducive to fossil fuel formation is a
function of Earth’s plate tectonic and climatic history, fossil fuels are not expected to be
evenly distributed in the world.

4.1.1. Coal: Coal is formed from vegetation which grew in swamps hundreds of millions
of years ago. Peat deposits were built up as vegetation died and accumulated at the
bottom of swamps to form spongy, brown material, called peat. Geological forces buried
the peat under the surface of the earth, where the layers were compacted by pressure and
heat, causing it to release water and other gases in a process referred to as coalification
(Schobert, 2002). Coal formed from the compressed peat. The greater the heat and
pressure, the harder the coal; the harder the coal, the less moisture it contains and the
more efficient it is as fuel. As coalification proceeds, coal increases in rank from lignite,
to bituminous, and to anthracite, increasing in value, heat content, and quality. Lignite is
the softest coal and contains the most moisture. Sub-bituminous and bituminous coal are
medium-soft and medium-hard coal with less moisture and higher heat value. Anthracite
is the hardest coal with the highest heat content and value per ton mined.

The most important factors affecting coal quality are ash, sulfur, and trace elements. Ash
is the residue that remains after burning and consists of clay minerals and quartz. Sulfur
occurs in various forms and low-sulfur coal is considered to contain less than 1.5% sulfur
by weight.

Coal reserves are easy to find and document, and because sedimentary basins are
widespread throughout the world and the process to form coal is relatively simple, coal is
the most abundant fossil fuel in the world. Coal beds tend to occur close to the surface of
the earth, usually within a few hundred feet of the surface.

4.1.2. Crude Oil and Natural Gas: Crude oil and natural gas are derived from fats and
other lipids in marine algae and other aquatic plants that were buried with sediment. The
organic matter transforms into kerogen, an insoluble material that consists of molecules
much larger than those in oil or gas. With burial, pressure and temperature increases and
kerogen decomposes to form crude oil and natural gas (Kesler, 1994).

Crude oils are a complex mixture of hydrocarbon molecules of many different sizes and
shapes. Each crude oil produced in the world has a unique chemical composition
containing distillates of different molecular composition, burning qualities, and
impurities such as metals, asphaltenes, nitrogen, and sulfur (Speight, 1991). The main
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characteristics used to classify hydrocarbons include molecular composition, specific
gravity (density), viscosity, color, and other physical properties. Crude oil is a liquid, and
because of its chemical composition, is a very compact source of energy that is easily
transported.

Natural gas is a mixture of hydrocarbon gases, carbon dioxide, and nitrogen. Methane

(CH,) is the major constituent, followed by ethane (C,Hs), propane (CsHg), butane
(Cs
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Natural gas is used as a feedstock for petrochemical facilities, by utilities to generate
electricity, and by residential and commercial establishments for heating. The demand for
natural gas is seasonal for residential consumers and electric utilities. Industrial and
commercial demand tends to cycle with the general business environment (U.S. General
Accounting Office, 2002; U.S. General Accounting Office, 2006).

4.3. Reserves and Resource Estimates

Oil and gas resources are classified according to proved, probable, and possible
categories in the U.S. and proven and possible categories in the U.K. (Gallun et al.,
2001). Companies operating outside the U.S. and U.K., National Oil Companies, and
private firms employ these and other guidelines in reserves estimation. Reporting
conventions vary by country, and often do not comply with the strict definitions required
for company reporting by the U.S. Securities and Exchange Commission (SEC).

Proved reserves are estimates of the amount of oil or gas (coal, or other resource) which

can be recovered economically using current technologies. Proved reserves is the most
certain because it includes only those resources that have at-0.0001 h the smds 0 esao.V).
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4.4. World Proved and Undiscovered Reserves
A number of primary and secondary sources report oil and gas reserves and resources.

Primary sources mostly include company and government data, while secondary sources
such as World Oil, Oil and Gas Journal,
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4.5. Unconventional Resources

Unconventional resources are an umbrella term for resources that are more challenging to
extract than conventional resources. Under the right economic and technological
conditions, however, unconventional resources are expected to add significantly to future
oil and gas supplies. Today, two “unconventional” oil resources are being produced —
heavy oil from Venezuela’s Orinoco oil belt and bitumen from Canada’s tar sands.
Unconventional resources also include oil shale, coal bed methane, gas hydrates, and
tight gas. Coal bed methane and tight gas are also under active production. Most of the
world’s known unconventional resources are found in the Western Hemisphere, in the
U.S., Canada, and South America.

Unconventional resource estimates typically represent the total resource in place and do
not guarantee economic feasibility, and so reserve estimates are more uncertain than
conventional resources and should not be compared directly.

4.5.1. Heavy Oil: Heavy oil is oil that will flow under normal reservoir conditions but
requires Enhanced Oil Recovery (EOR) techniques for economic production. Heavy oil is
typically easier to locate than light-crude pools and occur closer to the surface, but the oil
is more difficult and costly to extract, transport, and process. Venezuelan extra-heavy
crude is nearly as dense as, or denser than, water and significantly more viscous than
conventional crude. Heavy oil deposits are found throughout the world, but the most
significant developments are presently confined to Canadian oil sands and the Orinoco
belt in Venezuela. The USGS estimates that there are 434 billion barrels of technically
recoverable heavy oil throughout the world (Table A.15).

4.5.2. Tar Sands (Bitumen): Oil that will not flow is referred to as tar (or bitumen). Tar
can be found in all types of rocks, but tar in sandstones is referred to as tar sands. Tar
sands are mined and then mixed with hot water or steam to extract the bitumen, and is
then processed in secondary conversion facilities to convert to a material like oil, called
syncrude. Most tar stands are currently extracted by strip mining, or by heating or
solvating underground deposits and pumping out the resulting oil (in-situ production).
Because the majority of bitumen resources are not surface accessible, in-situ production
will likely overtake strip mining as operations advance.

There is no exploration risk in tar sands production, and for that matter, no decline curve,
but the operation is sensitive to natural gas prices and must have access to sufficient
water sources. Large deposits of tar sand are found in the Athabasca area of Alberta, and
Canadian and international oil companies are reported to be prepared to spend $87 billion
in oil sand development over the next 10 years (Carlisle, 2006). World resource estimates
for bitumen are shown in Table A.15.

4.5.3. Oil Shale (Kerogen): Oil shale is shale from which oil can be obtained by
processing. Shale oil is mined, crushed, and heated to temperature of 500-1,000°C in a
process called retorting. A large quantity of water, anywhere from 2 to 5 times as large as
the volume of oil produced, is required in the process. The shale undergoes pyrolsis
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which releases hydrocarbon gases and liquids. In the 1980s, $5 billion was invested in the
U.S. in oil shale projects, but difficult engineering and unexpected economics made all
the operations commercial failures. Today, oil shales are not currently economically
recoverable, but high oil prices are again reviving interest in this potential resource. The
worldwide oil shale resource base is estimated to be 2.6 trillion bbl located across 26
countries (Johnson et al., 2004a and b). The United States is the world leader in oil shale
resources with about 2 trillion bbl. The most economically attractive U.S. deposits,
containing an estimated 1.5 trillion bbl, are found in the Green River Formation in
Colorado, Utah, and Wyoming.
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5. OIL AND GAS MARKETS
5.1. Oil and Gas Are Commodities

Oil, gas, and the products of refining — gasoline (aviation and motor gasoline and light
distillates), middle distillates (jet fuel, heating kerosene), fuel oil, and other products
(refining gas, lubricants, wax, solvents, refinery fuels) — are commodities. Commodities
are products that are undifferentiated from a competitor and sold on the basis of price,
defined in competitive markets by the intersection of supply and demand curves at a
given location and time, and influenced by other factors. Although oil and gas are
commaodities, oil and gas markets have many unique features.

5.2. Prices Are Determined by Supply, Demand, and Inventory Conditions

Spot prices are determined by supply, demand, and inventory conditions at a given
location and time. The most fundamental economic relationship governing commaodities
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5.3.2. In-Situ vs. Wellhead Prices: The price of a barrel of oil at the wellhead differs
from the value of a barrel of oil in the ground because the reserve must be produced and
delivered before being sold to a buyer. Production, depreciation, and transportation
expenses account for the majority of the price difference. Over the past decade, oil and
gas reserves have sold on average at about 22% and 36% of their respective wellhead
prices (Adelman and Watkins, 2003; Smith, 2004). In-situ values are also more stable
than wellhead prices.

5.3.3. Spot Prices: Spot prices are wholesale prices for physical delivery at a specific
transfer point such as a pipeline or at a harbor. Oil spot markets are prevalent worldwide.
Gas spot markets are only common in countries where the gas industry has been
deregulated, such as the U.S., U.K., Netherlands, and Norway.

The price of natural gas is determined on a regional basis, and so it is not possible to refer
to a “world price” for natural gas. In North America, for example, prices respond to
demand and supply forces, while in Russia, the state gas company Gazprom holds a
monopoly position. In Western Europe and Japan, the sales price for natural gas is based
on competition with alternative fuels and indexed on oil product prices. Most of the gas
that is traded internationally is in the form of liquefied natural gas (LNG) long-term
supply contracts to finance the expensive infrastructure.

5.4. Oil Supply and Demand Imbalance

The main exporters of crude oil are Saudi Arabia (8.8 Mb/d), Russia (6.7 Mb/d), Norway
(2.9 Mb/d), Nigeria (2.5 Mb/d), Iran (2.5 Mb/d), and Venezuela (2.4 Mb/d). The main
consumers are the U.S. (20.5 Mb/d), Western Europe (14.8 Mb/d), China (6.7 Mb/d), and
Japan (5.5 Mb/d). Geographical imbalances between supply and demand create the need
for massive exports from the Middle East, the former Soviet Union, and West Africa to
the Far East, North America, and Western Europe. In Table A.16, production and
consumption statistics provide a “snapshot” of the imbalance that existed in 2004
between the net importers and exporters of oil.

5.5. Oil Markets Are Global, Gas Markets Are Regional
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The cost to transport gas over large distances is significantly more expensive’ than oil,
explaining why gas is fragmented into regional markets (Tussing and Tippee, 1995).
Three regional markets in gas currently exist: United States — Canada, Western Europe —
(Norway, Russia, Algeria), and Japan — (Indonesia, Australia, Middle East). LNG
promises to globalize the natural gas industry, but this is still many years away.

5.6. Oil and Gas Prices Are Volatile

Crude oil and gas prices are more volatile than other commodities, reflecting political and
economic events, demand, perceptions about resource availability, and many other
factors (Pirog, 2005a). The volatility of the oil and gas industry usually makes the timing
of policies ineffective, since the system will change before the policies can take effect
(U.S. General Accounting Office, 2006). Regions of the world react differently to crude
price variations, depending on the level of taxation, demand elasticity, government
support, and many other factors.

5.7. Price Spikes

Oil and gas prices are heavily influenced by major system discontinuities, such as war,
regional financial crisis, and political intervention. Because of the balance between oil
supply and demand, taking even a small amount of oil off the market can cause prices to
rise dramatically. Geopolitical problems have always affected the oil industry, but these
problems occurred when surplus capacity could offset disruptions in output from one or
more regions.

In late 2002, striking workers in Venezuela, followed by continuing disruptions in
Nigeria and the U.S.-led invasion of Iraq took several million barrels out of the supply
mix. So when Iran threatens to cut off supply in their standoff with the U.S. or as Russia
continues to make foreign investment in their energy sector more difficult, the market has
a large risk premium embedded in the price of oil.

There are interesting geopolitical implications associated with the price volatility, since
rebel groups in Nigeria and countries such as Chad can threaten to disrupt oil supply to
gain political support or leverage for their cause (Cummins, 2006).

In Oil Shockwave, it was estimated that a 4% global shortfall in daily supply would result
in a 177% increase in the price of oil (from $58 to $166 per barrel). There have been four
oil price shocks® since the nationalizations in the early 1970s, and the number and
magnitude of price up-ticks has increased since 1997 (National Petroleum Council,
2004).

The economic recessions in the United States are often blamed on oil price increases
(Hamilton, 1983). Much research has examined the relationship between oil price
movements and their effects on macroeconomic activity, and although the findings are

* On an energy equivalent basis, the cost of gas transportation is about 5-10 times higher than oil.
> A price spike is defined to be a monthly price increase in crude oil in excess of 10% above the prior year.
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widely inconsistent, most studies tend to demonstrate measurable relationships between
oil price shocks and aggregate economic activity.
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6. DATA SOURCES, DATA QUALITY, AND PROBLEMS OF
INTERPRETATION

6.1. Data Sources
Energy is central to U.S. economic activity and prosperity, and so there is a wealth of

public data at an exceptional level of detail across all segments of the industry. The
quality, accuracy, and quantity of the data are superior to any other industry, anywhere in
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firms or time due to the nature of the data collection. Spending surveys and cash flow are
difficult to assemble on a county-by-country basis, and are usually only available on a
regional or global level with a high level of noise due to the survey methodology (survey
vs. public records), coverage (sample size), instrument specifications (aggregation,
categorization, etc.), and other factors.

Public records can be used to review a company portfolio of assets and the manner in
which capital is allocated across business sectors as a function of time. Public
information does not include the risk-reward profile of projects, however, corporate risk
profiles, or risk-adjusted® discount rates.

6.3. Problems of Interpretation

The oil and gas industry is far too complex and dynamic for simple cause and effect
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expenditure surveys, for example, segments of the business are typically presented
according to upstream and downstream sectors and decomposed along a company,
country, region, or world basis. If any one sector (e.g., exploration and production) is
analyzed in isolation from other business activities, the system will probably be
misspecified. Oil and gas streams are frequently combined in terms of a BOE-basis,
which will introduce additional uncertainty, since oil and gas streams are not identical on
a heat-equivalent basis and have been valued quite differently over time. Aggregation
generally “smoothes out” uncertainties, but the process may lead to misspecification or
bias, or both (Lynch, 2002). Finding costs and reserve replacement ratios, for instance,
are particularly poor metrics when computed on an aggregate basis.

6.3.3. Omitted Variables: System behavior and trends are explained through
measurable/observable factors, which imply a correlative relationship and predictive
ability, but relations may be spurious due to omitted variables. The factors that affect
demand and supply, capital investment and country competitiveness are determined by
economic principles and commonly accepted industry notions, but there is no general
analytic framework that can accommodate all the potential interacting factors. Individuals
will likely disagree on specific factors, their specification, relative importance, level of
aggregation, and causality. Since there are so many potential factors, it is unlikely that a
factor set will suffice in explaining all aspects observed.

6.3.4. Factor Types: Factors may be observable or unobservable, deterministic or
stochastic, one- or
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7. FACTORS THAT IMPACT SUPPLY AND DEMAND

The supply of oil in the world at any point in time is the sum of the production levels
achieved by the collection of many private, public, and state-owned companies. Each
individual producer plans for and decides on its own supply level independently, with the
exception of OPEC members, and possibly, short-term “alliances” that may form during
exceptional times; e.g., extreme price levels, military activity, etc. For the members of
OPEC, the level of supply results from the coordination and collective decisions of the
member nations. The goals, strategies, and behavior of private and public companies vary
widely, but investment decisions for companies tend to be based on profitability criteria,
the companies’ cash flow position, and its outlook for the future. International oil
companies have shareholders who require a return on their investment. The goals,
strategies, and behavior of state-owned companies on the other hand are much more
diverse. National oil companies have domestic social and political obligations, the need
to create foreign exchange, and the desire to exert geopolitical influence.

The demand for oil and gas begins at the individual and corporate level. Individuals drive
cars; heat and cool their homes, and consume food and other services, all of which
require — either directly or indirectly — oil, gas, and petroleum products. Corporations
provide goods and services which also require energy. Aggregating the individual,
commercial, and industrial demands of a nation comprise the demand function for the
country.

7.1. Economic Activity

Energy availability and consumption play a key role in the process of economic growth,
and conversely, is an essential input into technological advancement in the substitution of
machines and other forms of capital for human labor. Energy use is a necessary input to
economic growth and is also a function of growth.

Energy use is associated with population growth, the expansion of urban centers,
industrialization, and the development of infrastructure such as roads and transportation
networks (Chima, 2005). It takes energy to produce things of value, and thus, there is
typically a strong correlation between a country’s energy consumption and economic
activity as measured by gross domestic product’
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which will potentially slow the rate of GDP growth and limit energy consumption (Pirog,
2005a). In China, these same forces are at play as expanding exports increase the
industrial demand for oil, and rising consumer income has increased consumers’ demand
for gasoline. For countries whose oil exporting sector is a major component of their GDP
(e.g., Russia, Nigeria, Saudi Arabia), the expansion of the oil sector is itself likely to lead
the growth in GDP®,

7.2. Inventory

The expectation that oil and refined product inventories influence prices is based on the
assumption that prices reflect the current supply/demand balance, and that inventories
provide a measure (albeit imperfect) of the changing balance between supply and demand
(National Petroleum Council, 2004). Any factor that serves as a measure of the short-
term supply/demand balance would be expected to influence prices, but the impact will
vary depending on the market perception of the importance of the factor, how fast the
information flows to the market, and other conditions at the time of observation. An NPC
study found only a modest correlation between inventory levels and crude oil price
(National Petroleum Council, 2004). The U.S. Department of Energy (DOE) found a
slightly stronger relationship when total crude and product inventories, recent inventory
trends (lag terms), and relative inventories measured by actual inventories versus
“normal” inventories defined by seasonal trends were included (Ye et al., 2003). A
relationship between inventories and the shape of the forward price curve exists, with
inventories positively correlated with the forward price spread.

7.3. Price

Price is by far the most accessible and reliable data series available, and thus, is a
preferred explanatory variable for supply and demand forecasting. Crude oil price is
determined in the world market and depends mainly on the balance between world
demand and supply. Markets respond to supply/demand changes with price movements
that provide the incentive to increase or decrease supply to correct imbalances (Adelman,
1993; Seba, 2000). High prices lead to increases in exploration and development budgets,
and as new oil and gas is found and brought to the market, supply increases and prices are
typically reduced. High prices can also make alternative fuels more competitive,
potentially reducing demand, and are likely to encourage conservation, further reducing
demand.

7.4. Geopolitics

Geopolitical shifts and foreign policies play an important role in global energy security
and long-term energy supplies. The fall of communism and the liberalization of

® For countries where oil and gas comprise a large part of total export revenue, economic downturns are
more likely when oil markets shift. It has been observed that countries with significant oil reserves often
end up with low growth rates because they are less willing to adopt restructuring and can afford to shun
foreign investment and basic economic criteria in decision making (International Monetary Fund, 2004;
Karl, 1997).
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economies in Asia and South America have opened vast energy resources previously
inaccessible or underdeveloped, while China and India’s growing concern about the
rising cost of energy and their dependence on import oil has prompted their state-owned
companies to aggressively seek acreage and investment opportunity throughout the
world, often through aggressive bidding and in regions with high political risk. China’s
demand for steady supplies of oil is reshaping the global energy market, the environment,
and world politics (Obaid et al., 2002; Wonacott et al., 2003; U.S. Congressional Budget
Office, 2006). India is next in line, as its government will try to achieve a better lifestyle
for its population.

Market reforms in a country will usually improve production and encourage foreign
investment, while nationalism will typically lead to reduced investment, at least in the
short term (Kennett and Goswami, 2006). A growing number of countries across South
America, for example, are opting for more nationalist, left-leaning governments (e.g.,
Bolivia, Ecuador, Venezuela) as opposed to the market-oriented policies of previous
moderate, socialist governments. Throughout Africa, South America, and the Former
Soviet Union, governments and their NOCs are renegotiating contracts to take in more
revenue via taxes and royalties (Coburn, 2005). In the 1990s, Russia divested itself of
some off its biggest industrial assets in often-controversial privatizations. Since 2002, the
Kremlin has sought to regain control of the energy sectors. State-owned energy
companies OAO Gazprom and OAO Rosneft, for example, have purchased independent
oil producers, OAO Sibneft and OAO Yukos. Iran continues to feud with the West over
its nuclear ambitions, and continued conflict in Nigeria maintains a risk premium in the
price of oil.

Geopolitical events can create pressures in either direction, with both short and long-term
consequences, and it is easy to overstate their influence and underestimate their effect.
Geopolitical events by their nature are impossible to predict (Mitchell, 1996; Mitchell et
al., 2001).

7.5. Geology
The geology of a country or province will ultimately determine the energy supply

potential of the region. There is a finite amount of oil and gas resources in the world, but
whether we ever extract all of the resource or
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develop oil reserves depend on host country policies on foreign investment, depletion
rates, and environmental protection. By the mid-1990s, many countries had at least
partially opened their oil sector to foreign investment, but three major oil-producing
countries still remain totally closed — Kuwait, Mexico, and Saudi Arabia. Investment in
Russia, China, Irag, and Iran remain constrained by regulatory, political, and
administrative barriers and delays (International Energy Agency, 2003).

7.7. Technology

Technological advances in the oil and gas industry have been phenomena over the past
two decades. Vastly increased computing power has stimulated the development and
interpretation of geophysical data, which has led to a better understanding of reservoir
characteristics. Progress in 3-D and 4-D seismic techniques, advances in deepwater
exploration, horizontal drilling, multiphase pumps, floating production storage and
offloading vessels, have all made a contribution to increasing supply. It is widely
recognized that technological advances have improved drilling productivity and recovery
rates and reduced production costs, especially offshore and in frontier areas, but its
impact is difficult to isolate. Technological advances raise the proportion of a field which
can be economically recovered, while improvements in infrastructure allow smaller
and/or deeper fields and less productive wells to be economically produced. Improving
technology will continue to make more reserves available.

7.8. Exchange Rates
World oil is priced in dollars and transactions are settled in dollars, and so changes in the
exchange rate of the U.S. dollar can affect the level and distribution of oil demand in both

directions. The effect of a declining dollar depends on the import/export status of the
nation and how the currency of the country adjusts to the cha
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(11%), Irag (10%), Kuwait (8%), UAE (8%), and Russia (6%) also control significant
quantities of proved reserves and have mostly limited foreign investment in the sector.
National Oil Companies are expected to have a substantial, long-term, and growing
impact on the pace of resource development, market stability, and geopolitics.

There is a wide diversity in the structure of NOCs. Prior to 1960, most NOCs formed
around specific local issues and the desire for self-sufficiency, while during the 1970s,
many countries nationalized their assets to regain control from foreign companies and
achieve higher rents from production. In the 1980s, after oil was commoditized and price
volatility and falling prices negatively impacted profitability, oil ministries and NOCs
began to restructure to increase their efficiency and return on capital standards were
increasingly employed. In the 1990s and post-2000, countries with economies in
transition reorganized their oil ministries to form NOCs and private firms (Jaffe, 2005;
National Oil Company Case Study Research Protocol, 2005).

Economic liberalization, market reforms, and western-style management reorganizations
have characterized the oil and gas industries of major energy producing countries such as
Russia, Norway, Canada, and Malaysia, as well as major consuming countries such as
China, Brazil, Japan, and India. National Oil Companies are in the process of re-
evaluating and changing business strategies with significant consequences for
international majors and market stability.

7.13. Exceptional Events

War, riots, political instability, natural disaster, and terrorism impact the supply and
demand for oil and gas. Exceptional events by definition are unique and impossible to
predict. The impact of exceptional events on oil and gas markets has potential short-term
and long-term consequences, depending on the state of the world oil market at the time of
the event. Some notable examples of exceptional events from 2001-2005 include:

e Warin Iraq,

e Terrorist attacks in New York, Saudi Arabia, and elsewhere,
e Political unrest and riots
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Discontinuities impact the ability to forecast supply and demand trends over time (Lynch,
2002; Stevens, 2000 and 2001). When discontinuities occur, the future will be
fundamentally different and historic trends significantly disrupted. System discontinuities
are therefore frequently ignored in analytic models, but such impacts are integral to the
nature of the system. The further into the future a forecast is made, the larger and more
frequent potential discontinuities will arise.

7.14. Market Manipulation

The primary markets in oil price formation are NYMEX and the International Petroleum
Exchange. The goal of financial traders is to make a profit on changes in the price of a
contract, which necessitates creating price movement, regardless of the supply-demand
fundamentals of the market. Market manipulation may impact price formation and the
signals governing the supply-demand balance.

7.15. Government Policy

Government policy takes many forms and can have a direct impact on supply and
demand and investment patterns. Each nation
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domestic production by stable fiscal regimes and tax incentives. Producing exporting
countries will try to secure the maximum
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8. FACTORS THAT IMPACT E&P INVESTMENT

In the E&P industry, many factors influence drilling and development decisions and the
manner in which a company allocates capital across its portfolio. A firm should seek to
maximize profits, but financial forces and shareholders (banks, f
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8.1.2. Share Purchases: A company that re-purchases its shares will likely see the value
of the shares outstanding increase. The company may then choose to re-sell their shares
on the market if it needs capital in the future.

8.1.3. Debt Reduction: Banking institutions are an important source of funds to the oil
and gas industry, but generally cost more than other forms of financing. Most companies
rely on banking for short term borrowings such as a line of credit, revolving credit
agreement, transaction loan, or dedicated cash operating income payment.

8.2. Availability of Capital

If the capital employed in a company does not generate an adequate return, the company
will have limited access to new capital, as investors and lenders seek more profitable
opportunities elsewhere. The availability of capital is not expected to be a constraint to
investment for integrated oil and gas companies in the short-term, however, because of
the return on investment (ROI) for the sector over the period 1993-2002 has been high for
publicly traded companies in the Organization for Economic Cooperation and
Development (OECD) and non-OECD regions (Figure A.12). Integrated companies
realized the highest return (12%) across various industries, while the ROI of independent
companies in E&P was 6.3%, the lowest for all industry sectors.

8.3. Budget Allocation

Oil and gas companies will expand and upgrade various aspects of their operations, such
as refining, petrochemicals, marketing, and transportation, at various times depending on
the strategic rationale of the company. Companies may also diversify into other industries
such as mining or non-energy related activities. The degree of vertical integration affects
the degree to which capital is allocated across the various segmepOZli4he lo
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the correlation between price and capital expenditures is likely to be weaker and more
closely dependent upon the nature of the field developments, project size, time lags,
planning horizon, and other unobservable variables. High prices tend to lead to increases
in company exploration and development budgets, and if the current market follows past
patterns, increased activity and expansion of supply.

Price enters the drilling decision through the calculation of the potential payoff associated
with a play. High prices stimulate drilling decisions, because the economic and reward
structure appear more favorable. When prices drop, companies are inclined to curtail
some of their exploration activity, and if prices stay low long enough, companies will
shut-in high-cost wells, delay development activity, and postpone high risk ventures. At
low commodity prices, M&A activity is usually more prevalent, with majors selling
properties and shifting their budgets to regions/activities with a greater return. Strong
prices will tend to delay divestiture programs, since properties that are marginal at low
prices become profitable. In recent years, as demand-side NOCs have begun to secure
reserves for their host country through high-cost acquisitions, these relations may change.

8.6. Oil Price Volatility

Oil and gas investment has tended to fluctuate with oil prices, especially in recent years,
but the relation is not a universal phenomenon and several other factors are involved. A
careful examination of the historic record indicates that capital spending in E&P may
increase or decrease when the price of oil increases. A price collapse will typically lead to
a reduction in investment spending, although the magnitude will vary depending on
several other (unobservable) variables. High prices tend to encourage investment
spending, but the life cycle of exploration and development means there is a several year
delay. Price uncertainty will raise the option value of future investments and firms are
likely to postpone or reduce expenditures on irreversible investments. IEA analysis has
found support for an inverse relationship between upstream oil investment and price
volatility (International Energy Agency, 2003).

8.7. Merger and Acquisition Activity
If a company is under merger, acquisition, or reorganization this will typically slow down

or delay capital spending. Corporate mergers in which one company acquires another
companies total assets impact exploration and development decisions. M&A activity may
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8.9. Business Uncertainty

Investment decisions in capital intensive and high risk industries such as E&P tend to be
based on full-cycle project economics, expected long-term prices (Boudreaux et al., 1999;
Wehrung, 1989), portfolio decision-making (Edwards and Hewett, 1995; Hightower and
David, 1991), and strategic rationale (Seba, 2000). Capital requirements in E&P compete
with other segments in the petroleum industry as well as the capital needs of other
industries. Uncertainty about the future price of oil and gas and global conditions impacts
allocation decisions and external evaluations by bond raters and capital markets (Pirog,
2005b).

The higher profitability of integrated oil and gas companies relative to independents and
service companies (recall Figure A.11) reflects the nature and diversity of their assets and
operations. The volatility of ROI by industry is depicted in Figure A.12. Exploration and
development and service companies have a volatile ROI, while the volatility of integrated
companies is comparable to the chemical industry. For decisions that require a large
amount of capital, increased uncertainty tends to slow down or stop investment in order
to reduce risk. Uncertainty over regulations and license rounds would also be expected to
lead to reduced capital investments.

8.10. Capacity Constraints

The E&P industry is composed of many diverse companies and resource constraints
which are likely to vary widely among individual companies and regions of the world.
E&P projects are designed and engineered by a combination of internal company
resources and third-party companies, ranging in size from small engineering firms to
multi-billion dollar companies. The support equipment and services required (e.g., rigs,
vessels, personnel, materials) to successfully execute an E&P project is driven by supply
and demand forces at a particular place and time, and has not historically been a
significant constraint to project implementation. There is evidence to indicate that
reduced capital spending by oil-services companies, which result in less availability of
oilfield equipment, has at times forced oil and gas companies to scale back their
investment programs (International Energy Agency, 2003), but the impact is usually
short-term because an increase in demand will increase dayrates®, which will stimulate
new investment, increasing supply and competition, and balancing the market.

8.11. Resource Availability

Oil and gas companies create value by investing in those projects for which the market
value of cash inflows exceeds the required investment outlays. The purpose of drilling is
to discover reserves, but it costs money to identify plays, acquire and interpret seismic
data, and drill wells. If the resources found are not adequate to make a sufficient return on
capital, then the E&P industry in the region will drop and shift investment where the
return is acceptable. If the region is not prospective, or if the NOC controls the best

9
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blocks, then foreign capital will eventually diminish and move to other regions or
business opportunities.

8.12. Risk Strategies

Investing in energy projects in developing countries and the transition economies is
generally riskier than in OECD countries because of institutional and organizational
reasons; lack of clear and transparent energy, legal, and regulatory frameworks; and
poorer economic and political management. There is also a significant difference in the
risk and return profile between an export project and a project for the domestic market in
non-OECD regions. Risk strategies and the means to manage risk vary with each
company.

8.13. Government Policy

Governments choose their production capacity potential based on a number of factors.
OPEC producers, for example, may determine that curbing investment and limiting
capacity would boost net earnings from exports. OPEC producers also recognize the risk
that other producers (OPEC or non-OPEC) might boost their capacity more quickly,
resulting in lower export earnings for the country. Governments might defer investment
to preserve hydrocarbon resources and revenues for future generations (Reynolds, 2005).
This could be a legitimate policy for a country with relatively high GDP per capital and
no pressing need for additional oil revenue to fund infrastructure or social programs. If
governments increase taxes and royalties on production, or otherwise change the terms
and conditions of the fiscal regime, lower profitability of upstream projects might deter
investment.

8.14. Exogenous Variables

Numerous external factors also play a role in the amount of capital a country can invest in
its oil and gas sector (International Energy Agency, 2003):

e |If a country’s national debt is high and there is a need to borrow large sums to
finance new projects, investment may be delayed.

= National sovereignty might discourage reliance on foreign investment.

e Legal and commercial terms and fiscal regimes impact how much external
capital producers are able to secure.

e In many countries, education, health, defense, and other sectors of the
economy may command an increasing share of government revenues and
constrain capital flow to the oil sector.

e Inadequate infrastructure to support oil and gas development, insecurity, and
conflict could constitute additional barriers to investment.
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9. E&P EXPENDITURE TRENDS

Exploration and production activity cannot be explained solely on the basis of geology.
Politics, economics, technology, regional and global markets all act to preclude, foster, or
inhibit E&P activity and capital investment. E&P activity varies with a country’s demand
for crude oil and natural gas within its border, as well as the desire to export oil and gas
as a means of gaining foreign exchange. When
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9.1.1. Return on Equity: The return on stockholders equity for the FRS companies
varies considerably from year-to-year and has fluctuated with the S&P Industrials (Figure
A.13). Oil and natural gas production was the most profitable segment of the business
($59 billion), followed by refining/marketing ($22 billion), and non-energy activities ($4
billion).

The return on net investment is defined as the net income earned by the line of business
(excluding unallocated items such as interest expense) as a percentage of net fixed assets.
The return on net investment for domestic oil and natural gas production operations has
exceeded foreign operations in recent years (Figure A.14), whereas prior to 1995, the
returns from foreign operations dominated.

9.1.2. Sources and Uses of Cash: The sources and uses of cash for FRS companies are
shown in Table A.19. Cash flow from operations amounted to $136 billion in 2004, with
oil and natural gas production comprising 65% of the total. At significantly smaller
levels, cash was also raised through disposal of assets, long-term debt, and equity security
offerings.

Cash flow is a primary determinant of the level of capital investment, ranging anywhere
between 15-40% of net income in a given year (Beck, 2004). In 2004, the largest use of
cash was for capital expenditures, which increased 8% to $86.5 billion (Table A.19).
Petroleum activities accounted for 86% of capital expenditures. Dividends to
shareholders were the second largest use of cash, followed by reduction in long-term debt
and stock repurchase.

9.1.3. Capital Expenditures: Capital expenditures for exploration'®, development, and
production generally follow changes in cash flow, except most recently in 2004, where a
wide differential resulted (Figure A.15). A positive change in oil price is usually
associated with a less moderate but positive change in cash flow, while a negative change
in oil price is often correlated with a zero or negative change in cash flow. In Figure
A.16, worldwide expenditures are broken out according to exploration, development, and
production activities.

Regionally, the U.S. onshore continues to receive more E&P expenditures than any other.0008 TcOf
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Anderson (now Accenture), and other financial institutions perform similar surveys.
Government agencies that perform capital expenditure reviews and outlooks include the
Energy Information Administration (EIA), International Energy Association (IEA), and
Institute of Petroleum (IFP). Consultancies such as IHS, Ziff Energy, Wood MacKenzie,
Douglass-Westwood, and trade publications such as The Oil and Gas Journal, American
Oil and Gas Reporter (O&GJ), and World Oil, also conduct annual capital spending

surveys.

The surveys typically cover issues such as:

Expected spending plans for the upcoming year, by region (U.S., Canada,
international), activity (upstream, downstream, business segment), and
company type (majors, independents, NOCs);

Perceptions on expected changes in service and drilling costs, merger and
acquisition activity, oil and gas price assumptions, availability of prospects,
availabilities of drilling services, impact of technology on spending plans,
remaining reserves expected to be found, human resource issues,
compensation for technical staff; and

Perceptions on the relative attractiveness of investment opportunities
(exploration vs. development, U.S. vs. international, drilling vs. acquisition
activity, oil vs. gas plays), expected operating cash flows, spending plans
(leasing, seismic, onshore vs. offshore).

Significant variations in the manner in which data is compiled and processed make it
difficult to compare survey results. In Table A.21, for example, global upstream oil and
gas investments for four surveys are compared from 1995-2002. Wide variation exists,
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Europe, are either mostly unavailable (Middle East, Africa) or available in incomplete
form (Asia Pacific). Worldwide investment in E&P has tended to follow the price of oil,
especially in the years prior to 1998, but the correlation is noisy and dependent upon the
data series employed. When the price rises or falls, exploration budgets adjust quickly to
the changes, while development budgets tend to be delayed. Some regions of the world
react faster to price variations than others, with North America generally considered to be
the most price-sensitive.

After the nationalizations in the 1960s and 1970s, the majors needed to redeploy capital
throughout the world to access acreage. Exploration and production budgets matched the
price shocks of 1973 and 1979 as demand growth increased. From 1981-1987, prices
suffered as excess supply developed from the previous investment boom. Capital
expenditures were reduced and prices retreated. From 1987-1998, prices stabilized below
$25/bbl and a more cautious approach to investment was realized. Following the price
collapse in 1998, capital expenditures took a temporary fall before continuing on an
upward slope.

9.4. IEA Investment Forecast

The IEA predicts that an investment of over $3 trillion, or $103 billion per year, will be
needed in the oil sector through 2030 to permit an increase in oil supply to 120 million
BPD by 2030 (International Energy Agency, 2003). Exploration and development is
expected to dominate the investment, accounting for over 70% of the total. Investment in
non-conventional oil projects in Canada and Venezuela is expected to account for a
growing share of total upstream spending. Offshore fields are expected to account for
about a third of the increase in production from 2002 to 2030, but will take a larger share
of investment, because the unit costs are higher compared to other developments.

9.5. Lifting Costs

Lifting (production) costs represents the costs to operate and maintain wells and related
equipment and facilities after hydrocarbons have been found, acquired, and developed.
Lifting cost is a reliable and meaningful measure, and can be compared across companies
if a common accounting framework is applied. Lifting cost is a measure that may be used
to evaluate the extent to which a company can control its operating costs and/or how
efficiently the company is getting oil and gas out of the ground. Two mechanisms are
responsible for boosting productivity and reducing lifting costs: technical progress and
industry reorganization.

Total lifting costs are divided into direct costs and production taxes. Direct costs tend to
be correlated to the price of oil since increases in oil price tend to bring an increase in the
cost of service and supply costs. Production taxes may also be a function of the price of
oil and other factors, especially under Production Sharing Agreements.

For the FRS companies, Canada and the Western Hemisphere region have the lowest
direct lifting costs in the world, while the Former Soviet Union and Eastern Europe have
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the highest direct lifting cost (Table A.24). This is likely due to a combination of political
systems, technical progress, and industry organization. Direct cost in the U.S. offshore
lies between these extremes. Domestic and foreign direct lifting costs are nearly identical
and have trended together for the past decade (Figure A.19).

9.6. Finding Costs

Finding costs is one of the most frequently cited ratios utilized in evaluating the
efficiency of a company in adding new reserves. Finding costs is also one the most
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10. IMPLICATIONS OF EXPECTATIONS ABOUT FACTORS
AFFECTING CAPITAL BUDGETING AND DECISION MAKING
FOR THE OCS GULF OF MEXICO

Keeping in mind the caveats and qualifications outlined in the previous sections of the
report, the following tables attempt to use the format developed to relate “conventional
expectations” concerning those factors to future investment trends in the OCS Gulf of
Mexico. The “conventional expectation” is a subjective characterization by the authors of
the perceptions, opinions, and analyses prevailing among those that follow the oil and gas
industry. Our characterization, as well as the perceptions, opinions, and analyses we
offer, may be neither complete nor accurate. We may also err in drawing our
characterizations. In any event, the reader can form his own thoughts in the matter.
Alternative characterizations can be substituted and alternative implications derived at the
reader’s discretion. The tables are simply a way to relate the implications of the complex
and interrelated factors outlined in the previous sections of the report for the Gulf of
Mexico region.
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Table 1

Factors that Impact Supply and Demand

FACTOR CONVENTIONAL IMPLICATIONS FOR
/IREPORT EXPECTATION INVESTMENT IN THE
SECTION OCS GULF OF MEXICO
Rapid growth in most populous Growth in demand is the factor
7.1 developing countries, resumption of | responsible for the expectation of
Economic | growth in Japan and Europe, and continued higher oil and gas prices,
Activity average or above growth in the U.S. | which is an important driving force
will keep global petroleum demand | for investment in relatively high
increasing faster than in the cost areas like the GOM.
previous two decades. Although
global or regional recessions could
always slow or stop growth, the
impetus for growth seems
widespread and resilient to political
and cultural disputes and conflict.
Demand growth will continue to High prices are the key to the
7.3 Price strain available supply capacity and economic vitality of GOM

prices are likely to stay at current
high levels or increase.
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Table 1 (continued)
Factors that Impact Supply and Demand

FACTOR
/IREPORT
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Table 1 (continued)

Factors that Impact Supply and Demand

FACTOR CONVENTIONAL IMPLICATIONS FOR
/IREPORT EXPECTATION INVESTMENT IN THE
SECTION OCS GULF OF MEXICO
principal, long-term downside
7.11 OPEC supply risk to prices.
Policy
(Cont.)
National Oil Companies (NOCs) Relative investment attractiveness
7.12 Role of | are more subject to geopolitical of GOM is increased.
National Oil | considerations and less driven by
Companies | conventional commercial
objectives. Coupled with the
Russian retrenchment and
aggressiveness by the Chinese,
risks of large investments in
exporting or in transitional
economies may have increased.
Political instability and uncertainty | Vulnerability of deep water
7.13 appears to be spreading rather than | operations to major hurricanes and
Exceptional | moderating. new regulatory requirements to
Events deal with them are the principal
new uncertainties associated with
GOM investment.
Political instability in Persian Gulf | The royalty relief controversy and
7.15 and Africa, nationalism in South the potential for the resurrection of
Government | America, economic retrenchment in | some form of excess profit taxation
Policy Russia, and the uncertain path of are potential direct uncertainties in

evolution of the FSU countries
reduce the certainty and reliability
of current government policies and
institutions.

the GOM, but neither is of the scale
of those in many exporting
countries. Climate policy and
carbon taxes are longer range
uncertainties. Shorter-term
uncertainty exists in the GOM
about new regulations to address
problems observed during Katrina
and Rita.

50




Table 2

Factors that Impact E&P Investment

FACTOR CONVENTIONAL IMPLICATIONS FOR

/IREPORT EXPECTATION INVESTMENT IN THE

SECTION OCS GULF OF MEXICO
Mega-majors and large integrated

8.1 Financial

Performance
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Table 2 (continued)

Factors that Impact E&P Investment

FACTOR CONVENTIONAL IMPLICATIONS FOR
/IREPORT EXPECTATION INVESTMENT IN THE
SECTION OCS GULF OF MEXICO
Refining has to some degree been
8.3 Capital spun off to specialized refining
Budget companies and neither they nor the
Allocation traditional integrated companies
(Cont.) exhibit much enthusiasm for
investing in new refineries.
Limitations on access to domestic | Some FRS companies will seek
8.4 Business | reserves and increased risks non-oil and gas business

Opportunities

associated with NOCs and
transitional economies are as
likely to intensify as moderate.

opportunities, but their business
culture has not transferred well in
the past. Oil and gas will remain
their core business and non-
US/Canada oil and gas
opportunities have become riskier.
Stockholders may push for more
aggressive, non-oil and gas
investments if dividends fall
because earnings are invested in
financial assets.

8.5 Oil Price

Expectations that prices will
remain at or above current levels is
a major change in the fundamental
investment parameter for investor-
owned oil and gas companies.
There is considerable variation in
estimates of how capital budgets
will reflect this change in
economic fundamentals, but
standard project decision practices
will make many marginal projects
now profitable.

With current prices twice or three
times as high as they were when
projects were implemented, GOM
profits are correspondingly higher
than anticipated.

8.6 QOil Price
Volatility

Demand-driven, much-higher,
prices imply a much smaller risk
of a precipitous decline in prices
than has been assumed in the
previous two decades.

Expectations that price volatility
has diminished shifts the relative
balance of risks away from
economic and cost factors and
toward the geopolitical, non-
economic side. As a higher cost
but politically and institutionally
stable area, the attractiveness of
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Table 2 (continued)

Factors that Impact E&P Investment

FACTOR CONVENTIONAL IMPLICATIONS FOR
/IREPORT EXPECTATION INVESTMENT IN THE
SECTION OCS GULF OF MEXICO
8.6 Oil Price the GOM is enhanced by this shift.
Volatility
(Cont.)

The major industry consolidation More FRS companies are large
8.7. Merger | and corporate restructuring among | enough to accommodate the
and the majors during the past decade | progressively larger investments
Acquisition | was driven by the need to be large | required to develop large projects
Activity enough to compete internationally | in deeper water in the GOM.

and deal with NOCs effectively.

Although size may address

commercial risks it is not as

effective in mitigating geopolitical

risks which have been increasing

rapidly. Post-merger adjustments,

and their accompanying

conservatism with respect to

capital spending, have been

completed by the mega-majors.

Mergers and acquisitions among

independents remains active as has

historically been the norm.

Debt-to-equity ratios of the FRS Reinforces expectation that capital
8.8 companies fell to 45 percent in
Debt/Equity 2004 which is below the average
Position for Standard and Poors (S&P)

Industrial Companies.

Coupled with substantially
increased holding of Treasury bills
and cash, this reinforces the
expectation that oil and gas
companies will have more capital
available than has historically been

the case as long as prices stay high.

According to surveys of
independents expectations, neither
debt nor capital availability were
among the factors they expected to
limit capital spending.
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Table 2 (continued)
Factors that Impact E&P Investment

FACTOR
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Table 2 (continued)

Factors that Impact E&P Investment

FACTOR CONVENTIONAL IMPLICATIONS FOR
/IREPORT EXPECTATION INVESTMENT IN THE
SECTION OCS GULF OF MEXICO

U.S. moratoria and explicit Resource limitations make access
8.11. limitation by NOCs or to resources in the GOM relatively
Resource governments limit investment more attractive.
Availability | opportunities. There are some

indications of a weakening of the

moratoria coalition in the U.S.

because of state-level budget

needs, 