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ABSTRACT

This paper provides evidence on how derivatives can be used to minimize risks in the
Oil industry. Rapid rise in crude oil prices has brought up inflationary pressures and
hampers economic growth in many countries. In today’s time oil companies face many
pressures which effects their bottomlines. To prevent the impact of these pressures from
effecting their profits, oil companies are increasingly using calls, put, options and swaps
to hedge the risks that arise out of volatile oil prices. This report will take real-time

examples to show the effect of using derivatives and how it effects a company’s profit.
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CHAPTER 1

1.1 INTRODUCTION

The topic “Application of Derivative Instruments in Hedging of Crude Price Risks™ is
chosen because crude oil is by far the most influential commodity in the world and it has
recently affected many economies around the globe. Rapid rise in crude oil prices has
brought up inflationary pressures and started to hamper economic growth in many
countries.. Furthermore, higher oil prices do not affect only countries but also individuals
as crude oil prices have a direct impact on gasoline, gas and heating oil price levels and
therefore also on the budgets of households. '

In the context of high oil prices, economists and
corporate leaders around the world have started to focus on the ;;ossibilitié:s'cﬁ'f protecting
businesses from the dramatic fluctuations of oil prices. This has been the case particularly
among airlines. Therefore, recently the hottest topic among energy end-users and oil
companies has been price risk management and hedging in particular. Hedging is the
process in which an organization with energy price risk will take a position in a
derivative instrument that gives an equal and opposite financial exposure to the
underlying physical position to protect against major adverse price changes. Hedging and
the integration of derivative instruments such as forwards, futures, options and swaps
with the cash markets are now an integral part of an oil company’s or energy consumer’s
operations in the global oil markets.

Crude oil and energy products trading in general is conducted on the global arena and this
is also where the so called rules of the game are set. It is much like the global inter-bank
foreign exchange market in a sense that prices are universal and most of the participants
besides a few are price-takers.

Crude oil forms the basis of global energy markets and is the most important trendsetter
for energy products as a whole.. It is important to clarify, though, that the most common
strategies used in regards to crude oil hedging can also be applied to other energy
products as the specifics of various derivative instruments are often similar or even
identical. This is the reason why companies worldwide can apply the same strategies to

the hedging of price risks of gasoline, diesel oil, heating oil, jet fuel etc.
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1.2 NEED OF THE STUDY

The need of the study is quite wide because it deals with the derivative instruments which
are increasingly being used by the oil companies to hedge their risks and also to provide
a platform, for these derivative trading instruments have transformed the structure and
operation of the oil market over the past decades, giving companies much more control
over prices and bringing new participants into the market, such as banks and financial
trading houses, who are prepared to take on some of the risks created by oil price

volatility.

1.3 OBJECTIVE OF THE STUDY

The objective of the research topic can be summarized as follows:-

1) To study and analyze the various derivative instruments available on the global
financial market.

2) To present practical examples for hedging crude oil price risks in accordance with
broad-based hedging strategies. |

The objective will be accomplished by studying the current research available on crude

oil hedging and by communicating with persons involved with derivatives and oil market.

1.4 METHODOLOGY

The methodology adopted for the above topic is Quantitative, and the data is secondary
source of data. In order to attain the objective secondary data procured from journals and
past reports, is collected and compiled to analyze the trends which were prevailing in the

global market.

University Of Petroleum & Energy Studies 2
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CHAPTER 2

LITERATURE REVIEW
2.1 REVIEW OF LITERATURE

The author was able to find a fairly large literature on price risk management, energy

products hedging and empirical research on the use of various hedging strategies.

The key terms used in the thesis are price risks, hedging and derivative instruments.
There are multiple definitions to these terms and, therefore, the author has chosen the
ones that explain the essence of these terms as clearly as possible.

According to James (2002) price risk is a risk resulting from the possibility that the value
of a security or physical commodity may decline.

There are many definitions to hedging. Farugee et al (1996) define hedging as a method
of managing price risks that involves the buying and selling of financial assets whose
values are linked to the underlying commodity markets. James (2003) defines hedging as
the process in which an organization with energy price risk will take a position in a.
derivative instrument that gives an equal and opposite financial exposure to the
underlying physical position to protect against major adverse price changes. The author
thinks that James (2003) explains hedging more precisely as the term “equal” and
“opposite” are used.

According to Kaminski (2004) hedging can be used by any market participants who
intend to buy or sell a commodity some time in the future, and who wish to know with
greater certainty what price they will pay or receive. Hedging enables better financial
management and planning, and allows buyers and sellers of commodities to protect
themselves against the potentially catastrophic consequences of sudden and unforeseen
changes in market conditions.

Hull (2003) defines derivative instrument as an instrument whose price depends on, or is
derived from, the price of another asset. The author supports this definition due to its
compactness. The author would like to stress that Hull’s work on derivatives provided the
author with in-depth information on derivatives and their application.

Same applies to the work of Culp (2002) and Cuthbertson and Nitzsche (2001).

University Of Petroleum & Energy Studies 3



Natenberg (1994) gives also detailed explanation of derivatives, particularly on options.
Clubley (1998) gives the overview of the development of the oil industry and explains
how the derivatives, in particular options and futures, industry conducts its business.
Pegado (1989) provides detailed explanation on world energy products trading
agreements and procedures, including contractual relationships regarding physical
delivery.

Long (2000), Kaminski (2004) and James (2003) classify derivatives and derivative
markets. Long (2000) also gives an overview of major crude oil products and regional
markets. It should be emphasized that the energy industry considers Kaminski (2004) as
one of the most complete publications on energy hedging (Stany Schrans, Fortis

Bank Global Markets, personal communication, September 21, 2005).

Faruqgee et al (1996), Pirn (2004) and Fusaro (1998) provide empirical research on the
usage of derivative instruments in hedging price risks.

Wengler (2001) provides a detailed example of risk management policies and procedures
(RMPP) document that a company could use when hedging price risks.

Additionally, in regards to energy products and risk management in general, there is
much information provided by the NYMEX and IPE, International Swaps and
Derivatives Association (ISDA) and major oil companies (such as BP & Chevron

Texaco) and investment banks.

University Of Petroleum & Energy Studies 4




CHAPTER 3
INTRODUCTION TO THE OIL MARKET
3.1 Why is Oil Traded

Over the last twenty years oil has become the biggest commodity market in the world.
The author would like to stress out, that during this period, oil trading has evolved from a
primarily physical activity into a sophisticated financial market. In the process it has
attracted the interest of a wide range of participants who now include banks and fund
managers as well as the traditional oil majors, independents and physical oil traders.

Figure 3-1: Major Crude Oil Trade Movements (million tonnes)
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Source: BP (2005).
As well as being the largest commodity market in the world, oil is also the most
complicated. The physical oil market trades many different types of crude oil and refined
products, and the relative values of each grade are continually shifting in response to
changes in supply and demand on both a global and a local scale . The industry has
tll¢1'ef01‘e developed a complex set of interlocking markets not only to establish prices
across the entire spectrum of crude and product qualities, but also to enable buyers and
sellers to accommodate changes in relative prices wherever they might occur.
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The driving force behind the rapid growth in oil trading is the huge variability in the price
of oil. The author wishes to note, that daily price movements of $1/barrel are not
uncommon and prices frequently change by up to 50 cents/barrel. Since there is no
obvious upper or lower bound to oil prices, the value of a barrel of oil can double or
halve within the space of a few months. As a result, everyone involved in the industry is
exposed to the risk of very large changes in the value of any oil that they are producing,
transporting, refining or purchasing, and a range of new markets have evolved in order to
provide effective hedging instruments against the elaborate combination of absolute and
relative price risks that characterize the oil business (Long 2000). The author believes,
that this has not only generated a very large volume of activity in its own right, but also

attracted liquidity from other financial and commodity markets.

3.2 Structure of the Oil Market

Successful markets need standardized trading instruments in order to generate liquidity
and improve price transparency, and oil is no exception. But, since oil is an inherently
non-standard commodity, the industry has chosen a small number of “reference” or
“marker” grades of crude oil and refined products to provide the physical basis for a
much larger “paper” market which trades derivative instruments such as forward and
futures contracts (Long 2000). Although the choice is often arbitrary and problems can
arise due to unforeseen changes in the underlying physical market, the industry has
invariably found ways of adapting the contracts since the rest of the market now depends
on their continued existence.

The most important derivative trading instrument is the New York Mercantile

Exchange’s (NYMEX) Light Sweet Crude contract (the specifications of the contracts are
explained in paragraph 3.3.4). It is usually known as “WTI" since West Texas

Intermediate crude still effectively underpins the market despite the introduction of
alternative delivery grades in recent years. NYMEX WTI is the most actively traded oil
market in the world and not only provides a key price marker for the industry as a whole,

but also supports a wide range of other, more sophisticated, derivative instruments such

as options and swaps.
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3.2.1 Spectrum of Instruments

The oil market now offers an almost bewildering array of “paper” trading instruments
that can be used to reduce the price risks incurred by companies buying and selling
physical oil. According to Hull (2003) these include futures and forward contracts, price
swaps and options.

These derivative trading instruments have transformed the structure and operation of the
oil market over the past decades, giving companies much more control over prices and
bringing new participants into the market, such as banks and financial trading houses,
who are prepared to take on some of the risks created by oil price volatility.

3.2.2 Trading Horizons

The author believes that the most important change to the oil market has been the gradual
extension of trading horizons further and further into the future. Before the introduction
of forward and futures contracts, oil companies had no effective means setting prices for
future delivery. As a result, the spot market was forced to bear the brunt of trading
decisions that might relate to time periods ranging anywhere from a day to a year ahead,
which could only have added to price volatility.

Over the past few years, however, the time horizon of the oil market has been extended
much further forward . The most active futures contracts, such as NYMEX WTI, now
trade for delivery up to seven years ahead and the industry has acquired a new set of
trading instruments that enable participants to establish prices even further into the future
(NYMEX 2002). Instead of being limited to a time horizon of only a few months, prices
can now be reliably obtained for periods from one to ten years ahead (Long 2000). This
has been made possible by the introduction of financial instruments such as price swaps
and OTC options, which have created a liquid market that enables companies to trade the
price of oil over a time frame that is appropriate for producers investing in new oil fields

or for consumers building new power stations.
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Figure 3-2: Oil Market Trading Horizons
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3.3 Market Perspectives

The trading environment of the oil market is inherently unstable and large price
fluctuations are common as can be seen from Figure 1-3. Geology, geopolitics,
economics, law, taxation, finance, technology and environmental concerns are liable at
any time to make a formidable impact on the evolution of the market structure. The
author wishes to emphasize that, the fundamental factors that generate risk in the oil
industry, such as geological risk, may be reduced by the use of modern techniques and

technology, but they cannot truly be managed.

University Of Petroleum & Energy Studies 8
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Figure 3-3: Daily Spot Prices of Crude Oil
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Instead, the management of risk in the oil industry has tended to focus on managing the
relationship between time and price. According to Pegado (1989) to produce crude from
and oil field requires several years and huge investment; to bring oil from the well to the
customer requires at least a few weeks and sound logistics (pipelines, cargoes, storage
facilities, refineries, distribution networks). These logistical facts form the backdrop to
the growth in risk management in the oil industry.

The physical oil market now play a major role in creating the supply and demand
equilibrium in local markets, and in global arbitrage. Oil companies and oil importing
countries often consider the oil markets as a kind of dynamic counterweight to the

dominance of producing countries or, more precisely, of OPEC (Wengler 2001).

3.4 Marketing Strategies in General

The oil derivative markets have developed around two complementary axes: hedging the
oil price exposure of large companies, and the financing operations of the oil industry
(Clubley 1998). Both of these have generated rapid growth for the OTC and exchange-
traded energy derivatives industry. For the last ten years, the OTC market has fuelled

much of the growth in liquidity in the exchanges, especially for back month trading.
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Below, the author discusses some developments in the markets speciﬁ'cally for crude oil

and Brent/WTI market.

3.4.1 Crude Oil

The physical crude market is the foundation of the oil market . Prices of crude are
generally quoted free on board (FOB) at their loading port. Most physical crude oil is
priced as a differential to an actively traded futures or forward market.

Instead of buyer and seller agreeing an absolute price for the cargo of crude oil, they
agree a floating price, which is generally an average of several days around the bill of
lading date (when the ship loads the oil). Most oil traded in Europe and many West
African crudes, for example, are priced against Brent while almost all crude exported to
the US, or traded within it, is priced against NYMEX futures (Kaminski 2004). The
author believes, that in the short-term, the crude oil market is the trendsetter for the other
energy markets; it is highly sensitive to OPEC rhetoric, to the general economic
environment and to political events or uncertainties.

It is the composition and structure of the underlying physical Brent market that account
for much of its importance. There is always a large amount of oil available to the market,
thus guaranteeing the market’s liquidity. Since the blend can be traded to within a few
days of physical delivery, the Brent market fills on essential gap in the term structure of
the world oil market by providing a price reference over a period of one to two months
ahead (Kaminski 2004). Finally, because North Sea crudes are generally light and sweet,

they are attractive to any refiner if the price is right.

The importance of the physical cil market in North Sea has encouraged the development
of active and liquid paper markets. NYMEX WTI, on the other hand, is the leading
benchmark for the US domestic crude market and the physical underlying of the deepest
commodity futures market in the world. Unlike the North Sea, virtually every barrel of
US domestic crude, with the exception of Alaskan North Slope (ANS), is traded, priced
and transported by pipeline rather than on waterborne tankers and barges.

It should be remembered, that the main instruments of the crude oil market are futures,
forwards or swaps based on WT1 and Brent indices. Cargoes of Brent blend crude oil are

traded on an active forward market, so that one cargo may change hands many times

University Of Petroleum & Energy Studies 10



before it is finally collected from Sullom Voe, its loading terminal. A forward contract
requires the seller to give the buyer 15 days’ notice of physical lifting dates.

Once cargo has been nominated, it is known as a “dated cargo”, and specific loading
dates are attached to it Many types of physical crude oil are priced against dated Brent.
According to Kaminski flat price risks are hedged using International Petroleum
Exchange or in short IPE Brent contracts and the differentials between dated Brent and

the first future contract are traded through “contracts for difference™ (CFDs).

3.5 Risks and Hedging

Hedging is the process in which an organization with energy price risk will take a
position in a derivative instrument that gives an equal and opposite financial exposure to
the underlying physical position to protect against major adverse price changesv

In other words it means that the volumetric price exposure to the derivatives hedging
instrument should be equal and opposite to the price exposure of the physical energy
commodity that the organization wishes to reduce its price risk exposure in.

In most financial markets there are fairly small numbers of fundamental price drivers
which can be easily translated into pricing and risk management models (Culp 2002).

In currency markets, for example, the commodity that has to be delivered in cash, a piece
of paper which is easily stored, transferred and not sensitive to weather conditions.

But energy markets are concerned with bulky, dangerous commodities that have to be
transported over vast distances trough some of the most politically unstable regions of the
world. This means that there are a large number of factors that can affect energy prices. A
fairly short list might include: the weather, the balance of supply and demand, political
tensions, comments from country leaders, decisions taken by OPEC, analysts’ reports,
shipping problems, and changes to tax and legal systems. All these contribute to the high
levels of volatility in energy markets which often experience sudden price movements
from one day to the next, or even one minute to the next. Fluctuating foreign currency
cash flow represents an additional source of uncertainty for many companies

When designing an energy price risk management or trading program, it is essential to be
aware of all the risks that are involved in the energy market and the ways in which they

interrelate. But it is important to remember that any hedging strategy which focuses
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narrowly on any one of the possible risks and ignores the others may be worse than

having no hedging strategy at all.

3.5.1 Basis Risk

The term “basis risk” is generally used to describe the risk that the value of the
commodity being hedged may not change in tandem with the value of the derivative
contract used to hedge the price risk.

Basis risk is the risk of loss due to an adverse move or the breakdown of expected
differentials between two prices (usually different products). In the context of price risk
management, basis risk describes the risk that the value of a hedge (using derivative
contract or structure) may not move up or down in sync with the value of the price
exposure that is being managed.

When conducting price risk management, the ideal derivatives contract is one that has
zero risk or the lowest basis risk with the energy price that protection is needed from.

The larger the basis risk, the less useful the derivative is for risk management purposes.
The attraction of OTC swaps and options is that basis risk can at times be zero, as

OTC contracts can often price against the same price reference as the physical oil.
However futures contracts traded on exchanges like IPE, NYMEX or Tokyo

Commodity Exchange all have their pricing references and terms fixed in the exchange’s
regulations. This means that if their pricing reference does not match the underlying

physical exposure, the basis risk must either be accepted or an OTC alternative need to be

sought .

3.5.2 Trading and Risk Management Within an Oil Company

Oil price risk has traditionally been at the heart of the oil business, and most oil
companies have now adapted their vertical structure to the new challenges created by oil
price risk trading and management. Trading in oil companies can be divided into the
three main areas of business outlined below :

¢ System trading. This is aimed mainly at optimizing the supply, import and export
requirements of the oil group. It involves the systematic researching of the most
profitable markets for the crudes produced by the group. The transfer of risks from the

production sector of the company to the trading sector requires that the latter should be
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able to handle logistics and security matters, to offer contractual and financial guarantees,
and to provide adequate hedging programs against large price fluctuations . The supply
trading entity will also arrange physical supplies at competitive prices for the oil group’s
refining, distribution and chemical divisions, if any.

¢ Third party trading. This business sector handles trading crudes and products with
large oil companies and traders. Such transactions are usually independent of direct
supply concerns, but form part of global arbitrage strategies. They may also be associated
with prefinancing and barter operations

¢ Risk management. Risk management consists of monitoring and managing price
volatility, maturity and basis risks. Third party trading clearly requires risk management,
and more so if it is done through an independent entity which supplies and trades with
other companies of the group under pre-agreed pricing formulas, because the amount of
risks accumulated can become substantial (Long 2000). The risk management team acts
principally for the group itself, mainly for production, transportation, refining,
distribution, chemicals and international trading.

Ideally, an oil company’s hedging program should be designed to ensure the company’s
financial stability (repayment of liabilities); minimum profitability (distribution to
shareholders), and the successful development of new projects (putting existing reserves
on stream or discovering new reserves). The time duration and the payout structure would
depend on the exact needs of the company:

¢ proﬁtability over one or more accounting year(s);

+ duration of liabilities if debtors require guarantee of repayments;

¢ return on investment for long-term projects.

Short-term hedging is usually made on a cargo-by-cargo basis, and must be designed to
take account of tax factors because there is usually an asymmetry between taxation on oil
revenues and taxation on hedging (financial) revenues or losses. The structure of market
oil prices can move violently between backwardation and contango and these different

structural contexts strongly influence the hedging strategies available to oil companies.
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CHAPTER 4
DERIVATIVE INSTRUMENTS

4.1 General Principles and Market Structure

The standard definition of a derivative transaction is a bilateral contract whose value

is derived from the value of some underlying assets, reference rate or index (Culp

2002).. Culp (2002) also defines a derivatives contract as a zero net supply, bilateral
contract that derives most of its value from some underlying asset, reference rate, or
index: This definition contains three distinct characteristics: zero net supply, based on
some ‘“underlying”, and bilateral.“Zero net supply” simply means that for every
“purchaser” of a derivatives contract, there is a “seller.” If we view a purchaser of an
asset as having a long position in the asset and a seller as having a short position, we can
restate the zero net supply criterions as follows: For every long, there is a corresponding
short.

An asset that exists in zero net supply is essentially created by the agreement of parties to
establish corresponding long and short positions in the market. Prior to the agreement of
buyer and seller to exchange the asset in the future, the contract defining the terms of
future exchange for that asset did not exist. Derivatives, moreover, are not the only type
of zero net supply asset. A more familiar example is a bank loan, which is literally
created by agreement of a lender to transfer a cash balance temporarily to a borrower.
Derivatives contracts also must be based on at least one “underlying.” An underlying is
the asset price, reference rate, or index level from which a derivatives transaction inherits
its principal source of value (Hull 2003). The author notes, that in practice, derivatives
cover a diverse spectrum of underlyings, including physical assets, exchange rates,
interest rates, commodity prices, equity prices, and indexes.

Practically nothing limits the assets, reference rates, or indexes that can serve as the
underlying for a derivatives contract. Some derivatives, moreover, can cover more than
one underlying (Cuthbertson and Nitzsche 2001).

Finally, derivatives are bilateral contracts. They represent an obligation by one party to
the other party in the contract, and vice versa. The value of a bilateral contract thus
depends not only on the value of its underlying but also on the performance of the two

parties to the contract. The value of a contract in which one party sells a shoe to another
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party, for example, depends not just on the value of the shoe but also on the ability and
intention of the seller actually to deliver the shoe to the buyer (Natenberg 1994).

4.1.1 Participants in Derivatives Activity

The broadest way to categorize derivatives activity is to distinguish between those
transactions privately negotiated in an opaque, off-exchange environment (in other
words OTC) and those conducted on organized financial exchanges. Figure 4-1 shows the
explosive growth in derivatives activity over the last decade. At year-end 2004, for
example, notional principal value outstanding of OTC derivatives was $248 trillion.
Despite experiencing slower growth over the last decade, exchange-traded derivatives are
also hugely popular.

Figure 4-1: Global Derivatives Market
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3.2 Forwards

Forward contracts have played an important role in the development of the oil market.
Forward paper markets such as 15-day Brent made a significant contribution to the rapid
growth in trading activity during 1980s and the consequent improvements in liquidity and

price transparency. Without the flexibility offered by informal forward paper contracts,
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the speed of development of the oil market might have been much slower since new
futures contracts take time to develop and have not always been successful (Fusaro
1998). But forward markets also have their limitations since they ultimately involve
physical delivery — which can make it difficult or costly to close out positions — and the
industry now prefers to use swaps wherever possible.

To begin with, forward and futures contracts were seen as competing instruments and
many expected that futures markets would eventually replace the forward paper markets,
as often happened in other commodity markets. However, experience has shown that
forward paper contracts can still play a key role in the oil market, often in parallel with
successful futures contracts such as Brent and NYMEX WTI. In the case of oil, forward
markets appear to play a complementary role to the futures markets since they provide
some benefits that are not available from futures contracts.

Firstly, they can be traded around the clock and therefore provide a trading instrument
that can be used outside normal futures exchange hours — this proved invaluable at the
start of the Gulf War, for example. Secondly, they enable companies to trade much larger
quantities of oil in a single transaction. Thirdly, they enable participants to choose their
trading partners. And, fourthly, they involve physical delivery which some companies
prefer either for practical or fiscal reasons (Long 2000).

Although forward paper markets fulfill many of the same functions as futures markets
they differ in terms of their method of operation, structure and organization. Forward
paper contracts are not traded on a formal futures exchange (which is subject to external
regulation) but are traded informally between principals who must regulate themselves

In addition, there is no clearing house to manage and guarantee the matching and delivery
contracts so the participants must also do this for themselves. Nor is there any obligation
to publish the details of any deal that is done so there is less price transparency than on a
futures market. As a result, forward paper markets tend to attract a narrower set of
participants than futures markets since using them involves risks and requires dedicated
manpower to maintain contact with the market (Culp2002). Generally speaking these are
the larger oil companies and traders who are active in the physical oil market and the
Wall Street investment banks who also play the rolé of market maker.

Compared with the markets for new trading instruments such as swaps and OTC options

which are growing rapidly, forward paper markets have reached a more mature phase of
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development (Cuthbertson and Nitzsche 2001). Nevertheless, they remain an important
and potentially innovative sector of the oil market capable of generating new contracts if
required, especially if swaps are subjected to a more restrictive regulatory regime than
applies at present (Culp 2002). Although the turnover of the forward paper markets is
now much smaller than that of the futures markets, forward paper contracts still play a
key role in areas where they retain a comparative advantage.

There are still more forward paper contracts in active use around the world than futures
contracts — although forward trading volumes are now much lower and time horizons are
much nearer than they used to be (Wengler 2001). In practice, the strongest competition
has come not from the futures market, but from swaps which are able to mimic many of
the essential characteristics of a forward paper contract without posing the problems
sometimes associated with physical delivery. As a result, most of the recent innovations
such as Brent “contracts for differences™ (CFDs) and the socalled

“Paper” Tapis market have been based on swaps rather than a conventional forward paper
contract (Long 2000). Also a number of previously active forward paper markets, such as
Russian gasoil, Littlebrook fuel oil, and European open-spec naphtha have now been
replaced by swaps (Culp 2002). However, forward paper trading remains an important
part of the oil market in the North Sea, the United States and the Far East and still plays a

significant role in establishing prices for forward delivery.

4.2.1 Operation of Forward Deals

Business on the forward paper markets is usually conducted over the telephone.
Participants either trade directly between each other or through specialist brokers (like
Goldman Sachs) who provide a useful service by quoting bid-ask levels for forward
contracts and enabling participants to test the market without revealing their identity.
However, forward deals cannot be concluded anonymously (as they can on the futures
market) since the identity of the counterpart will affect the teﬁns of the deal if credit or
delivery risks arise. In such cases, credit guarantees such as letter of credit will be usually
required. Once the terms of the deal have been agreed between the counterparts,
confirmation will be sent by telex or fax.

Forward contracts are based on physical delivery of the underlying commodity during an

agreed time period in the future, either a full calendar month or a specified part of it
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Although they specify standard quantities and qualities, and are subject to a mutually
agreed set of terms and conditions in order to provide a flexible trading instrument, they
can only be discharged by nominating a suitable physical cargb against the paper
contract.

Nominations are usually at the seller’s discretion, subject to a minimum notice period,
and the buyer therefore has no control over the precise date on which the contract will be
liquidated. As a result, forward paper positions remain open until the seller nominates a
particular cargo of physical oil to meet his contractual obligations .At this point the buyer
must either decide to accept physical delivery, or pass on the nomination to a third party
against another forward sale, thus closing out his position. This rather haphazard process
creates what is known as a “daisy chain” of paper contracts that link the original supplier
of the physical cargo to the ultimate purchaser (Cuthbertson and Nitzsche 2001). In active
forward markets daisy chains can include hundreds of links, many of which involve the
same companies.

In order to reduce the complexity and uncertainty of the market clearing process,
participants can agree in advance to identify and “book out” circles of contracts that start
and end with the same party. In this case the parties involved agree to pay each other the
difference between the purchase and sale price, thus reducing the cash flow associated
with the transactions. However, booking out does not remove the obligation to make
physical nominations and the process only works as long as no one defaults on the
agreement when contracts are actually discharged.

4.2.2 Market organization

The author wishes to note, that since forward markets are organized by the participants
and not by an exchange or clearinghouse, forward contracts involve a number of delivery
risks for the parties concerned that do not arise in the case of futures contracts.

Firstly, it is not always possible to close out a position even if a company has both bought
and sold a paper contracts. If, for example, the notice period for nominations has expired
the buyer cannot pass on his cargo to another company which leaves him with not only an
unwanted physical cargo, but also the obligation to supply another physical cargo with
suitable delivery dates.

In the 15-day Brent market, for example, sellers are obliged to give 15 working days

notice of the first day of the loading date range for the physical cargo and the working
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day is deemed to end at 17:00 London time (Long 2000). Nominations received just
before or at 17:00 on the 16m day before loading cannot therefore be passed on and
unscrupulous traders have been known to disconnect telephones and telex machines to
avoid being “five o’clocked”.

Secondly, forward contracts typically involve a loading tolerance of plus or minus 5 or 10
per cent that can be exercised at the seller’s discretion (Long 2000). Although this is
meant to provide for operational flexibility, it is often used by paper sellers to maximize
their profits or minimize their losses. Companies can therefore never be certain of the
exact size of their positions since the seller may nominate minimum or maximum

volumes against the paper contract.

Thirdly, in forward markets which trade cargoes for CIF2 delivery, it is possible to pass
nominations from one delivery month to the next thus delaying the discharge of vessels
and incurring demurrage charges that get passed down thé chain of paper contracts . As a
result, buyers can find that they are facing hidden costs and may need to resort to legal
action to recover them from the companies that are actually responsible.

4.3 Futures

The introduction of financial futures — futures on currencies and interest rates — during
the 1970s transformed the futures markets, which had been trading agricultural
commodities for more than 100 years. Financial futures brought new participants and

new strategies to the futures markets, and many more types of risks could now be hedged.

The commodity concept has broadened to include energy, beginning with heating oil
futures in 1978, for many of the strategies that were devised for financial futures have
been adapted and applied to the energy markets. Energy futures contracts are used by
producers, refiners, and consumers to hedge against price fluctuations in these volatile
markets. Another function of energy futufes contracts has been to protect the inventory
value of crude oil, refined products, and natural gas .

The oil futures market developed to allow oil traders to offset some of their risk by taking
a position on the futures market opposite their physical position. A producer, who has the

physical commodity to sell, hedges by selling futures. The producer’s positions is then
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long cash and short futures. A consumer, who needs to buy the commodity, hedges by
buying futures. The consumer’s position is then short cash and long futures.

A futures contract is an agreement between two parties, a buyer and seller, for delivery of
a particular quality and quantity of a commodity at a specified time, place and price
(Fusaro 1998). Futures can be used as a proxy for a transaction in the physical cash
market before the actual transaction takes place.

The commodity exchanges set margin requirements for hedgers and speculators. The
buyer or seller of a futures contract is required to deposit with the clearinghouse a
percentage of the value of the contract as a guarantee of contract fulfillment. The margin
deposit made when the position is established is called “original margin.”

Hedge margins generally are lower than speculative margins. At the end of each trading
day, each position is marked to market — the margin requirement for each account is
adjusted based on the day’s price changes. If the value of the position has decreased, the
holder of the contract will have to make an additional deposit, called “variation margin.”
This fulfillment of margin requirements on a daily basis means that the extent of default

in the futures market is limited to one day’s price change

Futures have become firmly established over the past decade and their trading volume
has grown steadily over the years as can bee seen from Figure 4-2. The first viable
petroleum futures contract launched was for #2 heating oil on the NYMEX in

November 1978. Trade interest in the futures market was slow to develop, but the
contract had the elements necessary for success. Heating oil was actively traded on the
physical market, the futures contract had an adequate delivery mechanism, and there was

good local, trade, and speculative interest .
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Figure 4-2: Annual Trading Volume of Energy Futures Contracts
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Most futures contracts do not go to physical delivery. Therefore, futures are generally
used as a price risk management tool, not as a source of physical supply. This basic
concept is still a stumbling block to futures trading, as many potential futures players
think that physical delivery is a key component of futures trading (Culp 2002). In fact,
the IPE Brent crude oil is based on cash settlement rather than physical delivery.

The three major energy futures exchanges are the NYMEX, IPE, and SIMEX (Singapore
International Monetary Exchange). For electricity and natural gas, only

NYMEX and IPE are significant. Contracts listed on the NYMEX include WTI crude oil,
soar crude oil, New York Harbor unleaded gasoline, Gulf Coast unleaded gasoline, #2
heating oil, propane, and three natural gas contracts (Fusaro 1998). The sour crude and
Gulf Coast gasoline contracts are not actively traded. The IPE trades

Brent crude oil, gasoil, and unleaded gasoline futures contracts. The SIMEX trades
residual fuel oil (relaunched in April 1997) and has an inactive gasoil futures contract
which may be relaunched in the future. In

1995, the SIMEX listed the IPE’s Brent crude oil futures contract as a mutual offset

contract for the Far East, where it trades much smaller volumes compared to London

based Brent trading (Long 2000).
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All three established energy futures exchanges have indicated they will continue to
launch futures contracts that conceptually hedge the entire barrel of crude oil as it makes
its way from the ground to the consumer, as well as natural gas, electricity, and coal
contracts. However, most refiners and end-users are more comfortable using other OTC
financial instruments to hedge less liquid products such as residual fuel oil, jet fuel,
naphtha and diesel fuel.

The author considers it important, that in 1990, the NYMEX initiated long-dated options
for the WTI crude oil contract. These options trade 12 months out. Long-dated options
were a direct response to the growth of OTC markets. They allow users to lock in a fixed
price or price range and are useful for refiners and end-users entering into long-term
supply contracts where crude oil prices are likely to be variable. Since that time, NYMEX
has extended the WTI contract out 7 years .The IPE has been particularly successful with
its Brent crude oil options and also has a gasoil options contract

4.3.1 Specifications of a Futures Contract

A futures contract is a standardized agreement between two parties that commits one
party to sell and the other party to buy stipulated quantity and grade of oil, gas power,
coal, or other specified item at a set price on or before a given date in the future
(Dominguez et al. 1989). As the author already mentioned, all futures contracts require
the daily settlement of all gains and losses as long as the contract remains open. For
futures contracts remaining open until trading terminates, the expiry of the contract
provides either for delivery of the underlying physical energy product or a final cash
payment (cash settlement).

Futures contracts have several key features. For example, the buyer of a futures contract,
the “long”, agrees to receive delivery while the seller, the “short”, agrees to make
delivery. The contracts are traded on regulated exchanges either by open outcry in
specified trading areas (called pits or rings) or electronically via a computerized network.
The author emphasizes, that the contracts are marked to market each day at their endof-
day settlement prices, and their resulting daily gains and losses are passed through to the
gaining or losing futures accounts held by brokers for their customers. The contracts can
be terminated by an offsetting transaction (i.e., an equal and opposite transaction to the
one that opened the position) executed at any time prior to the contract’s expiration (Culp

2002). The vast majority of futures contracts are terminated by offset or a final cash.
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payment rather than by delivery. For example, on the IPE and NYMEX less than 2% of
the open interest (total contracts open) in their energy futures contracts go to physical
delivery each month (James 2003).

A standardized energy futures contract always has the following specific items
(Cuthbertson and Nitzsche 2001):

¢ underlying instrument - the energy commodity or price index upon which the contract
is based;

4 size - the amount of the underlying item covered by each contract;

¢ delivery cycle — the specified months for which contracts can be traded;

¢ expiration date — the date on which a particular futures trading month will cease to
exist and therefore all obligations under it will terminate;

4 grade or quality specification and delivery location — a detailed description of the
energy commodity, or other item that is being traded and, as permitted by the contract, a
specification of items of higher or lower quality or of alternate delivery locations
available at a premium or discount (eg. NYMEX WTI crude futures contract allows
traders to deliver alternative crudes and they have a table of premium and discounts that
are fixed for those alternative crude oils);

¢+ settlement mechanism — the terms of the physical delivery of the underlying item or of
a terminal cash payment. In fact, the only non-standard item of a futures contract is the
price of an underlying unit, which is determined in the trading arena.

The trading process of futures can be seen from Figure 4-3. The mechanics of futures
trading are straightforward: as already mentioned both buyers and sellers deposit funds
called initial margin (a sort of good faith deposit) with a brokerage firm who would be a
clearing member of the exchange the futures contract is on. This initial margin amount is

typically a small percentage — around 10% of the total notional contract value.
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Figure 4-3: The Trading Process of Futures

Source: Energy College London.

If you buy (go long) a futures contract and the price goes up, you profit by the amount of
the price increase multiplied by the contract size. On the other hand, if you buy and the
price goes down, you lose an amount equal to the price decrease multiplied by the
contract size. If you sell a futures contract (go short) and the price goes down, you profit
by the amount of the price decrease multiplied by the contract size. If you sell and the
price goes up, you lose an amount equal to the price increase multiplied by the contract
size.

Some futures exchanges have position limits dependent on whether you are a speculator,
trader or hedger. Sometimes daily maximum price movements are also enforced. These
usually only apply to USA-based exchanges contracts. For example, price limit and
positions limits do not apply to IPE oil futures contracts. During the Gulf War some
participants found that NYMEX was forced to suspend trading, while the IPE carried on
trading .These are points to consider when choosing futures contracts.

4.3.2 Cash vs. Futures Price Relationships

Cash prices are the prices for which the commodity is sold at the various market locations
(Wengler 2001). The futures price represents the current market opinion of what the
commodity will be worth at some time in the future. Under normal circumstances of
adequate supply, the price of the physical commodity for future delivery will be

approximately equal to the present cash price, plus the amount it costs to carry or store
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the commodity from the present to the month of delivery. These costs, known as carrying
charges, determine the normal premium of futures over cash .

As a result, one would ordinarily expect to see an upward trend to the prices of distant
contract months. Such a market condition is known as contango and is typical of many
futures markets (Kaminski 2004). In most physical markets, the crucial determinant of
the price differential between two contract months is the cost of storing the commodity
over that particular length of time. As a result, markets which compensate an individual
fully for carry charges — interest rates, insurance, and storage — are known as full
contango markets, or full carrying charge markets.

Under normal market conditions, when supplies are adequate, the price of a commodity
for future delivery should be equal to the present spot price plus carrying charges. The
contango structure of the futures market is kept intact by the ability of dealers and
financial institutions to bring carrying charges back into line through arbitrage.

Futures markets are typically contango markets, although seasonal factors in energy
markets play an important role in market relationships. For example, during the summer,
heating oil futures are often in contango as the industry begins to build inventory for the
approaching cold weather. On any given day, prices in the forward contract months are
progressively higher through the fall, reflecting the costs of storage, interest rates, and the
assumption of increased demand.

The opposite of contango is backwardation, a market condition where the nearby month
trades at a higher price relative to the outer months. Such a price relationship usually
indicates a tightness of supply; a market can also be in backwardation when seasonal
factors predominate. |

As a futures contract approaches its last day of trading, there is little difference between it
and the cash price. The futures and cash prices will get closer and closer, a process
known as convergence, as any premium the futures have had disappears over time. A
futures contract nearing expiration becomes, in effect, a spot contract .

4.3.3 Short and Long Hedges

The author believes that one of the most common commercial applications of futures is
the short hedge, or seller’s hedge, which is used for the protection of inventory value.
Once title to a shipment of a commodity is taken anywhere along the supply chain, from

wellhead, barge, or refinery to consumer, its value is subject to price risk until it is sold or
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used (NYMEX 2002). Because the value of a commodity in storage or transit is known, a
short hedge can be used to essentially lock in the inventory value. A general decline in
prices generates profits in the futures market, which are offset by a decline in the value of

the physical inventory. The opposite applies when prices rise.

A long hedge is the purchase of a futures contract by someone who has a commitment to
buy (is short) in the cash market (NYMEX 2002). It is used to protect against price
increases in the future. An end-user with a fixed budget, such as a manufacturing
company that uses natural gas, can use a long hedge to establish a fixed cost.

Sometimes the risk of an adverse change in the difference between cash and futures
prices, also known as basis risk, can be an important consideration for hedgers of refined
petroleum products.

A fuel marketer may offer customers fixed-price contracts for a number of reasons: to
avoid the loss of market share to other marketers or alternative fuels, to expand market
share; or to bid on municipal contracts requiring a fixed price. However, by offering to
sell at a fixed price over a period of time, the marketer is exposed to the risk that
wholesale costs will increase, perhaps to the point of unprofitability (NYMEX 2002).
4.3.4 Most Influential Futures Contracts of Crude Oil

Most of global crude oil trading in regards to futures contracts is made using NYMEX
and IPE relevant contracts. These contracts have the highest trading volume and also the
importance as references for pricing other derivatives such as options and swaps.

NYMEX Light Sweet Crude Oil (WTI)

As previously mentioned NYMEX’s light sweet crude oil futures contract is normally
called WTI after the West Texas Intermediate crude delivered as standard against it

(WTI is a gasoline rich crude oil). This traded an average daily volume of 389,679
contracts during 2004, an increase of more than 10 per cent over the previous year.

The contract requires delivery to be made by pipeline, FOB or free on board at seller’s
facility Cushing, Oklahoma, with special rules for small (5,000 barrels or less) deliveries.
The delivery system matches the normal physical delivery for NYMEX

WTI very closely: all deliveries are rateable over the course of the month and must be
initiated on or after the first calendar day and completed by the last calendar day of the
delivery month .The futures contract ceases trading, or expires, three business days

before the 25n calendar day of the month before delivery. (This is to allow for pipeline
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scheduling.) There is provision for other crude oils to be delivered, at seller’s option, with
certain differentials agreed by the exchange. At present, the list of alternative grades is

confined to three North Sea crudes (Brent Blend, Oseberg and Forties), two Nigerian

- crudes (Bonny Light and Qua Iboe) and a Colombian crude, Cusiana .

NYMEX WTI trades further forward than any of the other current futures contracts.

There are 30 consecutive months traded at any time, plus a further five long-dated
contracts extending up to seven years ahead for the 36w, 48, 60m, 72nd and 84" months
(Kaminski 2004). The exchange has also introduced “strip” trading, which allows market
users to trade an equal number of crude oil futures contracts for any number of
consecutive months from two to 30 months in a single transaction. Prices are fixed at a
differential to the previous night’s settlement. As with all commodity futures, the activity
is concentrated in the nearby months.

Dominguez et al (1989) provide strong support for the proposition that the introduction of
the NYMEX WTI crude oil futures market has increased the efficiency of the operation
of the oil market. Their tests show that long-term futures contract prices are neither
biased nor excessively volatile, while shorter-term contract and spot prices show some
tendency to overreact to new information. On days with or without substantial oil market
news, long-term futures contract prices move less than shorterterm contract prices, which
in turn move less than do spot prices. From this the author can conclude that the market
does distinguish between short-term and long-term supply and demand conditions.

The NYMEX WTI contract has become, to a large extent, the industry’s world-wide
standard price. This is, on the face of it, a little surprising as NYMEX WTI is a low
volume US domestic crude and cannot be exported. It is not, therefore, a truly
international crude oil. But the US is the largest importer of crude oil in the world and as
such its traders, who use WTI as standard, have a very large influence on international

prices .

IPE Brent Crude Oil
The only exchange to trade nothing but energy contracts is the IPE which introduced its

first contract in gasoil in 1981. The IPE’s Brent contract, which now trades for up to 36
months ahead, has also become very successful as NYMEX WTI, though in this case at
the third attempt. Brent’s cumbersome physical delivery procedures are unsuitable for a

futures contract and the IPE finally settled on a cash settlement contract instead of the
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more common physical delivery, although there is also provision for physical delivery of

whole cargoes using the EFP mechanism.

Cash settlement simply means that contracts left open at expiry are settled by cash
transfer instead of the physical transfer of crude oil. Anyone with an open hedge position
should therefore be in a position to buy or sell physical Brent at the cash settlement price,
which is derived from physical transaction during the day, so the hedge provides as good
a protection against adverse price movement as a physical delivery contract. Traders with
full-cargo sized positions can use the EFP mechanism to effect physical delivery.
According to the author’s calculations Brent traded an average of 106,076 contracts per
day during 2004, an increase of 6 pér cent over the previous year. Like NYMEX

WTI, the contract is for 1,000 barrels.

Table 4.1: Comparison of WTI and Brent Crude Oil Futures Contracts

FERTURN

Conftract unit 1000 barmels® (42 000 US gallons) 1000 barrels
Price quotation US dollars and cents per barrel US dollars and cents per barrel
30 consecutive months plus five long- 12 consecutive months the quarterly
Trading months dated futures up to seven years up to 24 months then half-yearly up to
ahead 36 months

3" business day prior to 25 calendar  Last business day before the 15" of
Last trading day day of the month preceding the the month preceding the delivery
delivery month month

$3 per barrel (36 if previous day
settles at limit), except first two
months for which prices can move
. %15 per barrel. If prices move by S

Daily limit $7 50/barrel in either of the first two O daily limit imposed by IPE
months, limits in all months become
$7.50/barrel in the direction of the
move.

Standard delivery ~ FOB® Cushing, Oklahoma " Cash settlement of EFP

4.3.5 Comparison of Forwards and Futures
Forward and futures contracts have different strengths and weaknesses when used for
either hedging or speculation. These are summarized in Table 4.2. The choice of futures

or forwards and of which particular contract will depend on the circumstances. The
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author believes, that the most important consideration is that of a basis risk: how closely
does the product or crude to be hedged match the hedging instrument. The better the

match, the better will be the hedge.

Table 4.2: Differences of Forwards and Futures

, Forwards  ©  Futures

Contract | Developed by industry . Fixed by excﬁange |

Size Bulk with operational tolerances Small and fixed

Structure Chains Novation

Seftlement Offsets/book-outs By clearinghouse

Costs Letters of credit, brokerage rargins, fees, brokerage
Regulation informal Formal

Security ncqgtr'}?é?; party risk {same as physical Clearinghouse guarantees

Users Trade, financial institutions Trade, financial institutions, locals
Profitloss On closurefdelivery Daily marking to market

Source: Long (2000).

4.4 Options

Options allow the user to create a positions that reflects virtually any market view or risk
profile. They are more flexible than forwards or futures, which can only be used to take a
long or short positions. Combining options with other instruments allows participant to
structure risk management and trading strategies that éan match or control their exposure.
Options have existed for many years, often embedded in normal commercial contracts,
but they were rarely regarded as an asset and — as a result — were largely undervalued.
However, now that mathematical models provide an accepted method for valuing assets,

a standardized methodology is widely used for calculating option values and risk.

Energy options are currently traded both on the regulated futures exchanges and on the
unregulated OTC market. The OTC market offers more flexibility and frequently
provides the innovative pressure required to develop new contracts. Exchange trading pf

options formally began in 1973 when the Chicago Board of Trade (CBOT) created the
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Chicago Board Options Exchange (CBOE) to offer options on individual company stocks
and many other exchanges have followed suit.

The first exchange traded options in oil were traded on the IPE in 1983 on an informal
basis, and by the end of 1986 there was enough interest from the industry for NYMEX to
launch and options contract based on WTI crude. Since then, several more exchange-
traded options contracts have been created by the NYMEX and the IPE including New
York Harbor heating oil and gasoline, the NYMEX 3:2:1 “crack spread”, US natural gas,
Brent crude oil and north-west Europe gasoil. The OTC market has also expanded
greatly.

Over the past ten years, the use of options in the energy industry has increased rapidly
largely because of their success as an effective risk management and trading tool. The
author thinks, that further growth in the options market will come from a wider
acceptance by those sectors of the economy that recognize the need to protect the value
of their assets from the volatility of the market.

Figure 4-4: Annual Trading Volume of Option Contracts on Crude Oil

12 000 000 . 500CO0D
10 000 000 | B 500 00D
5000 000 A 400 000
£ 000 000 300 000
4 000 000 200 000

2000 030 100 CCO

g 3 1,
¢ ( AL
b i L .
i p W
5 y v ’
. )
I ) V "

2000 2001 2002 2003 2004 2003
3Q

—
©
w
(]
3

s NY WEXWTI <~ |PE Brent (right scale)

Source: New York Mercantile Exchange, International Petioleum Exchange.

4.4.1 Specifications of Option Contracts
Hull (2003) defines option as the right to buy or sell an asset. Options work like

insurance. According to Natenberg (1994) they provide the buyer (or option holder) with

protection against the adverse effects of unpredictable future price movements in
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exchange for a fixed payment (or premium) that is paid in advance to the seller (or option
writer). The option holder’s risk is limited to the premium — which is retained by the
option writer whatever happens to prices — while the options writer’s risk is unlimited,
because the option holder must be compensated for any adverse price movements.
Options are different from other trading instruments because they give the option holder
the right, but not the obligation, to buy (or sell) an underlying asset at a specified price
during an agreed period of time. As a result, an options contract Will only be exercised if
" the market moves in favor of the holder.
There are two basic types of option contract :
4 call options, which give the holder the right to buy; and
¢ put options, which give the holder the right to sell.
The buyer of a call option pays a premlum to the seller and, in return, has the right ( but
not the obligation) to buy a specific amount and type of oil at a fixed price, before or at a
given date.
The buyer of a put option pays a premium to the seller and, in return, has the right (but
not the obligation) to sell a specific amount and type of oil at a fixed price, before or at a
given date.
It is important to remember, that the option seller is obliged under the contract to buy or
sell should the buyer exercise its right. In return for assuming this obligation, the option
seller receives the option premium — a non refundable payment — from the option buyer.
Option premiums are typically paid up front (usually within two business days following
the date of transaction) unless the option contract is traded on an exchange, in which case
the margin rules operated by the exchange will apply
The fixed price is usually known as the strike or exercise price (Natenberg 1994). The
date agreed in the contracts is usually known as the expiration date, exercise date or the
maturity of the option. If the market price of the underlying asset changes so that it
becomes profitable for the buyer to exercise the option, it is described as being in the
money and acquires an intrinsic value as a result. Options that remain unprofitable are
described as being out of the money. If the market price is the same as the exercise price,
the option is described as being at the money.

A call option has an intrinsic value when the strike price is below the market price.
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For example, if the strike price is $15/barrel and the market price is $17/barrel, the
intrinsic value of the call option is $2/barrel.

A put option has an intrinsic value when the strike price is above the market price. For
example, if the strike price is $19/barrel and the market price is $17/barrel, the intrinsic
value of the put option is $2/barrel.

An option may be out of the money and still have a premium value. This is because of the
option’s time value or extrinsic value. As long as an option has time left to expiry, there
is a probability that it might and up in the money before expiry, in which case it would
acquire an intrinsic value (Natenberg 1994).

For example, if a call option has 30 days left to expiration, the strike price is

$18/barrel and the market price is $17/barrel, the option premium could be $0.21/barrel
even though it has no intrinsic value at present.

4.4.2 Types of Option

Options can be based on and therefore exercised into a wide variety of trading
mstruments. They can also be traded cither on a futures exchange or as private
transactions on the OTC market.

Exchange traded energy options are based on futures contracts and are standardized
contracts. The settlement terms are fixed, the expiry dates are fixed, and only a limited
range of strike prices are quoted at any point in time (Natenberg 1994). As a result, the
premium is the only negotiable component.

OTC options are more flexible as they can be tailored to meet any set of specifications
required. Everything in the contract is negotiable: the quantity, type, delivery or
scttlement procedure of the underlying asset, the expiry date, and the strike price for the
contract .

Like futures contracts, exchange-traded options are guaranteed by the clearing
organization that underwrites the exchange. OTC options are guaranteed by the
counterparties in the contract and are subject to the normal contractual performance risks
associated with trading directly with companies. OTC contracts are usually based on
ISDA (International Swaps and Derivatives Association) contract or sometimes on a

company’s own contract — although this is now being discouraged for the sake of

standardization .
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4.4.3 Exercising Options

There are two basic methods of exercising options (Hull 2003):

¢ American options, which can be exercised at any time up to the expiry date;

+ European options, which can only be exercised on the expiry date.

Exchange traded options are all American, while OTC options can be of either type.
Some option writers prefer to sell European options as this allows them to plan their
exposure more accurately.

Options are usually exercised when the buyer notifies the option writer of their intention
to do so. In the case of an exchange traded energy option the notification is sent to the
clearing organization via a clearing member of the exchange, the option is then converted
into an appropriate futures position on the following business day. In the case of an OTC
option the buyer typically notifies the option writer by telephone (followed up with the
telex or fax confirmation) and the underlying asset is delivered as specified in the
contract. In both cases, options are usually automatically exercised on the last day of
trading if they are deemed to be in the money (Cuthbertson and Nitzsche 2001).

Another important method of settling or exercising options that is fegularly used in the
OTC market is the Asian or average settlement price option (Kaminski 2004). Asian or
average price options are typically settled in cash. The settlement is calculated using the
average of the price settlements of an index over the life of a contract. Asian options are
typically used to match the pricing methods used in the physical markets.

Sellers of options sometimes prefer these to American or European types as exposure to
volatile market movements may be reduced due to the averaging of prices.

4.4.4 Option Trading Positions

There are four basic option trading positions, each of which has its own characteristic
profile of risk and reward (Hull 2003):

+ buy a call, i.e. purchase an option to buy the underlying commodity or asset;

# buy a put, i.e. purchase an gption to sell the underlying commodity or asset;

o sell a call, i.e. write a contract that gives the purchaser the option to buy the underlying

commodity or asset;
¢ sell a put, i.e. write a contract that gives the purchaser the option to sell the underlying

commodity or asset.
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In forward and futures markets, both buyer and seller have the same symmetric price
risks. In the case of the buyer, any potential profit from a rise in prices is mirrored by the
potential loss from a decline in prices. And the exact opposite applies to the seller.

Asa result; there are only two basic types of forward or futures trading position, long and
short. '

In the options market, however, the buyer and seller have very different exposure to price
risk. The option holder’s profit is unlimited, while the loss is limited to the premium paid.

And the option writer’s profit is limited to the premium received, while the loss is

limited.

4.4.5 Options Pricing
In their 1973 paper, “The Pricing of Options and Corporate Liabilities™, Fischer Black

and Myron Scholes published an option valuation formula that today is known as the
Black-Scholes model. It has become the standard method of pricing options. Black and
Scholes developed their pricing model using the assumptions that asset prices adjust to
prevent arbitrage, that stock prices change continuously, and that securities follow log
normal distribution.

From the original Black-Scholes formula, scholars and industry practitioners have
developed a number of options pricing models suited for the different needs of the
financial commodity industry. One pricing model, which is a simplified approach but

analogous to Black-Scholes, is expressed as follows (Fusaro 1998):

C = [FN{d,) - XN{d,)x D

where  F = the forward or futures price
X = the exercise price
D = the discount factor
N(.)= the area under the normal curve
o = volatility of the underlying’s price
T = delivery date of the asset
f = time until option expiration

4 = In(F/X) + 1/20°t

) B S
oT

d2=d,-—0'vf;f

As we can see, this simplified options pricing model still maintains the main assumption,

which originated in the Black-Scholes pricing model. The latter is widely used in the
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energy options futures market and in most exchange-traded options. This is the reason
why the author chose exactly this model for the thesis.

There are five key factors that affect the price of an option based on the underlying
commodity, such as oil, that pays no dividend (Kaminski 2004):

¢ the current price of the underlying commodity;

+ the strike price of the option;

4 the time remaining to expiry;

¢ the future price volatility of the underlying commodity; and

¢ the current (risk free) interest rate for borrowing money.

In financial terms, the price of an option is simply the present value of the future income
stream that can be expected from holding the option contract .

Although the actual value of any future income stream from the option will not be known
for certain until it expires, the market takes a view based on the expected price volatilit}-/
of the underlying commodity and this can be deduced from the option premium by
comparing it with the strike price and the current price of the underlying commodity.

The value of any option premium can therefore be split into two parts, the current (or

intrinsic) value of the contract and the future (or time) value of the contracts:

OPTION PREMIUM = INTRINSIC VALUE + TIME VALUE

The intrinsic value of an option contract is easily determined since it depends on whether
or not the contract is in the money.

INTRINSIC VALUE OF CALL = UNDERLYING VALUE - STRIKE PRICE
INTRINSIC VALUE OF PUT = STRIKE PRICE — UNDERLYING VALUE

TIME VALUE = OPTION PREMIUM - INTRINSIC VALUE

There is an important relationship called put/call parity which means that a put and a call

have equal (theoretical) value when they are both struck at the forward price.

Volatility
The author agrees with Natenberg (1994), that volatility is the most important factor in

option pricing. It measures the likely magnitude of price changes over a given period, and
is expressed as a percentage of the underlying market price. Volatility is calculated as the
annualized standard deviation of the distribution of percentage changes in daily prices,
which is assumed to be a normal distribution. This allows option users to assign known

confidence limits to the future trading range of the market. For example, a market
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volatility of 20 per cent means there is a 68 per cent chance that the price of oil will lie
within a range of + 20 per cent around the current price level a year from now (James
2003). The greater the market volatility, the greater the range that prices are likely to
trade in.

The time value of an option increases with the volatility of the market. If volatility is
expected to be low, the future trading range will be narrower and the present value of the
potential income stream from holding an option will be smaller since there is a lower
probability of a large change in prices before expiry. However, if volatility is expected to
be high, the future trading range will be wider and the present value of the potential
income stream from holding an option will be larger since there is a higher probability of

a large change in prices before expiry .

There are two types of price volatility used in pricing options (Hull 2003):

+ historical volatility; and

¢ implied volatility.

Historical volatility — as its name suggests — is the range that prices have traded in over a
given period in the past. Implied volatility is the range that prices are expected to trade
over a given period in the future . Implied values are calculated by inputting option
premiums into an option pricing model. When assessing the appropriate volatility to use
when calculating option premiums, it is important to look at both.

Historical volatility allows us to see how prices have behaved under known market
conditions. From this, we may be able to build a confidence level to help us in assessing
the predictability of current situations.

Implied volatility allows us to see the market’s view of what the expected trading range
of prices will be over a given period. Implied rates are continually changing to reflect the
market’s view. Implied volatility is a powerful tool for analyzing price risk.

It allows us to assess the impact that pri_ées will have on our assets with a given
probability.

4.4.6 Trading Strategies

Caps
Caps, which are simply “strips”, or consecutive series, of call options with the same

strike price, are some of the commonest option-based instruments in energy price risk

management.
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To understand how they are applied, imagine that a major European oil refiner has
decided to protect itself against price rises in crude oil over the next financial year.

The company arranges to buy a cap with a strike price of US$20 per barrel, a maturity of
12 months, and monthly settlement; the volume hedged is 200,000 barrels per month, and
the premium charged is 60 US cents a barrel.

At the end of each month, the average price over the month (representing the cost of
physical supply) is compared with the strike price of $20.00 per barrel. If the average
price rises above $20.00 per barrel ($24.00 for example), the seller of the cap pays the
refiner ($4.00 multiplied 200,000 times = $800,000). The cap thus assures the refiner of a
supply of 200,000 barrels, at a maximum price of $20.60 per barrel, for a year.

Figure 4-5: Capping the Price of Crude Oil
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Floors and Collars

A floor, composed of a strip of put options, is simply a cap in reverse (Kaminski

2004). By selling a floor, consumer fixes the minimum price that it will pay for energy,
and thus gives up any chance of profiting from a fall in prices below a certain level. But

the sum raised from the sale may be used to subside the price the consumer pays for

energy or for risk management.
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For example, imagine that the management of the refinery decide they cannot afford to
pay the full price of the cap (the $0.60 per barrel premium). They therefore agree to
purchase a $20.00 cap and finance it through the sale of a $17.50 floor. This provides
them with a “collar” at zero cost.

If the price of the crude rises above $20, to $24.00 for example, the refinery exercises its
cap at $20.00 and receives $4.00 per barrel from the collar provider. If the price of crude
falls below $17.50, to $15.00 for example; the collar provider exercises its floor at $17.50
and the refinery pays out $2.50 per barrel. If the crude price stays between

$17.50 and $20.00, the refinery obtains its supplies at the market price.

At first sight, using zero-cost collar may appear to be the safest course of action for the
refinery: it involves no upfront cost and offers no speculative return. However, if oil
prices fall considerably, the refinery may end up paying much more for its feedstock than
its competitors — who may lower their prices aggressively as a result.

The zero-cost collar is thus really a “zero upfront cost” collar — true price insurance can
be secured only by purchasing a cap .

Volatility Strategies

A trader who wants to take advantage of the underlying volatility of the market
increasing or decreasing can use the following option strategies:

¢ Straddles. Sell call (cap) aﬁd sell put (floor) at the same strike price in the same
market.

¢ Strangles. These are essentially the same as straddles except that a trader will use out
of the money options. They also use different strike prices.

A trader who thinks that volume is going down would normally short (sell) these options,

while if he thinks that volume is going up, the trader would go long (buy) them.

4.5 Swaps

The development of the swaps derivatives markets in the oil industry has been fraught
with many difficult events. Metallgesellschaft foundered, TXU slipped away in the night,
Enron exploded and Williams divested. Although the market stalled dramatically in the
2002-3 period, these issues have not prevented the rise and rise of

the swap contract as an effective management tool for the energy industry.

Swaps are a relatively new form of OTC derivative trading instrument that has proved to

be ideally suited to the complexities of the oil market. They were first introduced into
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financial markets in the early 1980s where they were used to hedge interest rate risks
(Cuthbertson and Nitzsche 2001). But it was soon realized that the same instrument could
be used to transfer price risks for any asset, and swaps spread rapidly to the commodity
markets, including oil. With them came new players such as the banks, who were seeking
opportunities to diversify their investment activities and to apply their recently-acquired
financial engineering skills.

According to Long (2000) the attraction of swaps is three-fold. First, they are purely
financial transactions and can therefore be traded without incurring the quality risks and
other delivery proBlems normally associated with physical oil contracts. Secondly, they
offer the prospect of the “perfect hedge™ since they can be tailored exactly to meet the
requirements of each participant. And, thirdly, and most importantly, they can be traded
far into the future since they are not constrained by the more limited time-horizons of
existing futures or forward markets. The author can therefore conclude that swaps
provide a uniquely flexible means of filling the gaps in the oil market left by other trading
instruments. As a result, the oil swaps business has grown rapidly over the past few years.
Swaps are now firmly established as an integral part of the oil market. Short-term swaps
have evolved from being largely private transactions betweén companies to become more
standardized and transparent form of trading instrument that is widely used as a substitute
for forward paper contracts, many of which have now been replaced by swaps (Kaminski
2004). The author would like to emphasize though, that negotiating long-term swaps is
still more time consuming than using other oil trading instruments, which can sometimes
provide the same degree of risk protection at a lower cost. Companies are also exposed to
credit risks that can be difficult to control.

But, despite these problems, swaps have made an important contribution to the oil market
and are here to stay.

4.5.1 Specifications of Swaps

A swap is a purely financial transaction that is designed to transfer price risk
(Cuthbertson and Nitzsche 2001). It is a private agreement between two parties to
exchange cash at pre-arranged dates in the future according to an agreed price formula.
According to James (2003) it guarantees the swap user (who is risk averse) a fixed price
for a specified asset over an agreed time period in the future and assigns any profit (or

loss) that might arise as a result of subsequent price changes to the swap provider (who is
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a risk taker). The author emphasizes, that a swap can be applied to any asset for which a
mutually acceptable pricing mechanism can be established and, since it does not involve
delivery, leaves the swap user free to make separate arrangements for the physical
disposal of the asset.

In some ways swaps are very similar to futures contracts. Both involve an agreement to
buy or sell a specified quantity and quality of oil (or any other commodity) at a particular
location and date in the future at a fixed price agreed at the time the contract is
negotiated. And both can be used to hedge price risks created as a result of positions held
in the physical oil market, or to speculate over the future course of prices. But, although
the objectives may be similar, the operation of the two types of contract is very different
and has led to an entirely different market structure and regulatory environment for swaps
(Kaminski 2004).

The basic or “plain vanilla” energy swap differs little from swaps on other derivative
markets, and is really a very simple financial instrument (Kaminski 2004). However,
several interrelated factors have combined to cause an increase in the diversity of the
instruments used in the oil swap market. In particular, a more liquid and competitive
market for swaps has attracted oil industry participants that are very aware of the specific
price risks that they face and who are demanding more customized structures.

Therefore, after briefly describing the basic building blocks, this paragraph will outline
the most important tailored instruments.

“Plain Vanilla” Swap

A simple oil swap is an agreement whereby a floating price is exchanged for a fixed price
over a specified period. It is an off-balance-sheet financial arrangement that involves no
transfer of physical oil: both parties settle their contractual obligations by means of a
transfer of cash (Kaminski 2004). The agreement defines the volume, duration, fixed
price and floating price. Differences are settled in cash for specific periods usually
monthly, but sometimes quarterly, six-monthly or annually. Swaps are also known as
“contracts for differences” and as “fixed-for-floating” contracts — terms that summarize
the esseﬁce of these financial arrangements (Kaminski 2004).

Producers sell swaps to lock in their sales price. The producer and its market

counterpart agree a fixed price, for example, $18 per barrel, for an agreed oil

specification index, and a floating price, almost always a reference price derived from
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Platt’s or Argus (oil reporting services who publish daily prices for a range of
commodities) or one of the futures markets.

For the period agreed, the producer receives from the intermediary the difference
between fixed and floating price if the latter is lower. If the floating price is higher, the
difference is paid by the producer to the intermediary.

The consumer of energy uses a swap in order to stabilize the buying price. For example,
an airline buying jet fuel (jet) would contract to buy a jet swap with a fixedprice element
of $140 per tonne. If the floating average was $150 per tonne, then the airline would
receive a monthly settlement of $10 per tonne multiplied by the volume hedged. If the
floating price averaged $135 per tonne, then the airline would pay out $5 per tonne.

Differential Swap

Whereas a standard swap is based on the differential between fixed and floating prices, a
differential swap is based on the difference between a fixed differential for two products,
and the actual or floating differential over time (Kaminski 2004).

Some examples of energy products that might attract differential swaps include jet versus
gasoil, physical (Platt’s) gasoil versus futures, 3.5% fuel versus 1% and Brent versus
NYMEX WTI but the possibilities are limited only by the number of indices that exist.
The author notes, that differential swaps are typically used by refiners to hedge changing
margins of refined products. Refiners usually receive the fixed-price side of the swap,
ensuring a known, forward relationship for the price of their various products. If they sell
the differential and the differential swap narrows (the margin has fallen for the covered
period), then the refiner receives the difference between the contractually fixed
differential and the floating differential; if it expands, the refiner pays out (Long 2000).
Differential swaps may also be used by companies as a way of managing the basis risk
assumed during their normal hedging activity. For example, an airline that prefers to
hedge its jet exposure with gasoil swaps, because of the perceived value of these deals,

may enter into a jet-gasoil differential swap to hedge this potential basis risk.

Margin or Crack Spread

Refiners who prefer to fix a known refining margin can construct elaborate forward
(physical) and futures (exchange) deals for their products. However, such constructions
can be costly and rarely provide complete cover.

Alternatively, they can enter into a refining margin swap, whereby the product output of

the refinery and the crude (or feedstock) input are simultaneously hedged, i.e. , the
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products are sold and the crude is bought for forward periods (Kaminski 2004). The deal
is usually expressed as US$x per barrel margin. At settlement, the refiner either pays or
receives the difference between the margins; the calculation is based on the price
settlements in the spot markets and those locked in. In this way, the probability of a
refinery can be guaranteed for a few years forward. This kind of hedging is often
integrated into development projects and upgrading schemes when the financiers are keen

to ensure the viability of the project and seek to underwrite a minimum revenue stream.

4.5.2 Pricing Swaps

Arbitrage relationships between the swap and forward of futures markets create the basic
framework for determining the price of a swap. In addition, there are other, less tangible,
components to the swap price that are determined partly by the market and}oartly by the
nature of the parties involved.

Generally speaking, the price of a swap depends on three main factors (Long 2000):

¢ the cost of hedging the swap position;

¢ the credit rating of the swap user; and

¢ the margin required by the swap provider.

However, by far the most important of these is the cost of hedging the position created by
the swap agreement (Fusaro 1998). This, in turn, depends partly on the term structure of
the forward or futures market being used to hedge the price risk, partly on the different
payment structures, and partly on the basis risk associated with the hedging instrument.
Although other factors, such as the credit rating of the swap user and the margin required
by the swap provider do play a role, their significance has diminished as the market
becomes more liquid and the level of competition between the swaps providers has
intensified .

4.5.3 Term Structure of Prices

The most important factor determining the price of a swap is the term structure of futures

prices in the market that is being used by the swap providers to hedge their exposure in

the swaps market.

The basic difference between swaps and futures is that a swap agreement offers a single

fixed price for an entire period while the portfolio of futures contracts offers a sequence
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of different prices for each delivery month (Long 2000). Although it is theoretically
possible for all the futures prices to be the same, it is more likely that the futures prices
will be on a rising (in contango) or falling (in backwardation) trend as described in
paragraph 2.3.2. The relative value of the swap agreement compared with the futures
portfolio therefore depends on the slope of futures prices and whether the Swap user is
hedging a long or short position on the physical market.

In the case of an oil producer, who has a long position in the physical market and wants
to hedge his selling price, the floating price is likely to be above the fixed price during the
early part of the contract period when the market is in backwardation as the term
structure of futures prices is downward sloping. The swap user would therefore expect to
make cash payments to the swap provider which he would otherwise be able to earn
interest on (Long 2000).

Swaps are therefore potentially more costly for producers when the market is in
backwardation as they entail an initial net cash outflow. According to the literature the
reverse is true if the market is in contango, since the term structure of futures prices is

upward sloping, and it is the swap provider who suffers the initial cash outflow.

4.6 Hedgers, Speculators and Arbitrageurs

Derivatives have a very wide range of applications in business as well as in finance.
There are three main participants in the derivatives market: hedgers, speculators and
arbitrageurs (Hull 2003). The same individuals and organizations may play different roles
in different market circumstances. There are also large numbers of individuals and
organizations supporting the market in various ways.

4.6.1 Hedgers

Corporations, investing institutions, banks and governments all use derivative products to
hedge or reduce their exposures to market variables such as interest rates, share values,
bond prices, currency exchange rates and commodity prices such as oil.

The classic example is the farmer who sells futures contracts to lock into a price for
delivering a crop on a future date. The buyer might be a food-processing company which
wishes to fix a price for taking delivery of the crop in the future, or a speculator. Another
typical case is that of a company due to receive a pa'ymenf in a foreign currency on a

future date. It enters into a forward transaction with a bank agreeing to sell the foreign
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currency and receive a predetermined quantity of domestic currency. Or it buys an option
which gives it the right but not the obligation to sell the foreign currency at a set
exchange rate.

4.6.2 Speculators

Derivatives are very well suited to speculating on the prices of commodities and financial
assets and on key market variables such as interest rates, stock market indices, currency
exchange rates and commodities. Generally speaking, it is much less expensive to create
a speculative position using derivatives than by actually trading the underlying
commodity or asset. As a result, the potential returns are that much greater. A classic
application is the trader who believes that increasing demand or reduced production is
likely to boost the market price of a commodity. As it would be too expensive to buy and
store the physical commodity, the trader buys an exchangetraded futures contract,
agreeing to take delivery on a future date at a fixed price. If the commodity price
increases, the value of the contract will also rise and can then be sold back into the
market at a profit.

4.6.3 Arbitrageurs

An arbitrage is a deal that produces risk-free profits by exploiting a mispricing in the
market. A simple example occurs when a trader can purchase an asset cheaply in one
location and simultaneously arrange to sell it in another at a higher price. Such
opportunities are unlikely to persist for very long, since arbitrageurs would rush in to buy
the asset in the ‘cheap’ location, thus closing the pricing gap. In the derivatives business
arbitrage opportunities typically arise because a product can be assembled in different
ways out of different building blocks (Hull 2003). If it is possible to sell a product for
more than it costs to buy the constituent parts, then a risk-free profit can be generated. In
practice the presence of transaction costs often means that only the larger market players

can benefit from such opportunities.
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CHAPTERS
HEDGING IN PRACTICE

All companies that are dependent on commodities are affected by the price changes in the
commodities. In the current chapter the author will introduce practical examples on how
to hedge price risks with various derivative strategies. The author believes that this part
of the thesis could be the most valuable for any type of reader as theoretical explanations
of derivatives are often rather difficult to comprehend.

As already explained in the Introduction of this thesis the examples provided for crude oil
hedging can be mirrored to any oil product. For example, the same kind of swap
agreement introduced in paragraph 4.3.1 of this chapter can be used for gasolines, diesel
oil or any other product. This applies also to options, futures and forwards.

Actual market data is used in the examples.

5.1 Hedging with Forwards and Futures

As previously mentioned, forwards are quite similar to futures though there are a few
differences Due to their similarity the author will provide practical hedging
recommendations only for futures.

It should be known to the reader, that companies involved in the physical oil market can
protect themselves against adverse price movements by taking an opposite position on the
futures or forward market to that held on the physical market. In this way any loss in the
physical market should be offset by a corresponding gain on the futures or forward
market. A hedge will rarely, if ever, be perfect, but if chosen correctly will provide some
insurance (Haglund and Wramsby 2005).

Hedging can be used for various purposes. It can, for example, protect a buyer of oil
against a fall in price while oil is in transit. An oil trader who has bought a cargo of
physical oil would sell an equivalent volume of oil futures or forward contracts. This is
known as a short hedge because the trader takes a short futures position. As soon as the
physical cargo is sold, the hedge is lifted, i.e. the futures contracts are bought back. |
Effective hedging depends on the assumption that prices in the physical and forward or
futures markets move together (Haglund and Wramsby 2005). Ideally the differential
between the two, the basis (explained in paragraph 3.5.1), would remain constant but in

practice this rarely happens either because the product or crude being hedged is not
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identical in every respect to the futures or forward contract being used, or because the

degree of backwardation or contango in the forward or futures market changes.

5.1.1 Example #1: Short (buyer’s) hedge

On April 26, 2005, company A buys a 500,000 barrel cargo of WTI at Cushing,
Oklahoma at spot price FOB for $54.33/barrel. The current futures price is $54.20/barrel.
It decides to sell futures as a hedge. A few days later, on May 2, it sells the physical cargo
for $49.50/barrel and buys back its futures contracts, which are now trading at
$50.94/barrel.

Table 5.1: Short Hedge
oo PhysicaiMarket: Sl FutresMabket - $ibl
Day 1 Cérgo i)oughi at: | $54.33 - -
Futures sold at: $54.20
Day 7 Cargo sold at: $50.94
S Futures bought at: $50.92
less 5339 Poft +53.28

In this case the hedger has taken a smaller profit on the futures than he has made loss on
the physical market. This results from a change in the basis, which is the differential
between the futures market and the product actually being traded.

However, the total loss would have been substantially larger without the hedge.

5.1.2 Example #2: Long (seller’s) hedge

In the same way, a company which is short of oil in the physical market will use a long
hedge, i.e. will buy futures, to protect itself against a rise in price. For example, an oil
distributor might agree on May 3, 2005 to sell WTI to a customer at a fixed price (equal
to the current price $49.60/barrel) for some months ahead, say June 30. In order to protect
itself against a rise in price it will buy futures on May 3 for $51.23/barrel. When the
company buys the WTT at Cushing, Oklahoma at spot price FOB on June 30 to fulfill the
order, the hedge will be lifted.
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Table 5.2: Long Hedge

R " Physical Market : $/bl- . Futures Market_ S sl
Month 1 Gil éold af: | 349.60 '
Futures bought at: $51.23
Month 2 Oil bought at: $56.63
Futures sold at: $56.65
 less  s7103  Poft  +S542

In this case the futures profit did not quite match the loss on the physical market — again
it was due to a change in the basis.

5.1.3 Example #3: Speculating on a Price Rise

Speculation is the opposite of hedging. Speculators take a position on the market purely
in order to make a profit. Futures and forwards are ideally suited to this activity as there
are none of the operational problems which can arise if speculation is carried out with
physical cargoes of oil.

The author would like to stress the facts, that speculators are regarded as undesirable by
some in the market, but they are a necessary part of any futures market as they take on
the risk which hedgers are trying to lay off. Many speculators, particularly the local floor
traders, hold onto their positions for a very short time and are in and out of the market
several times each day, increasing liquidity and making it easier for hedgers to trade
when they want to. Even oil companies can sometimes become speculators when the
chance of a reasonable profit arises.

Let’s presume that on August 26, 2005 a bad weather condition at an off-shore oil
platform of the speculating oil company interrupts production in the Gulf of Mexico.

Asa fesult, prices are expected to rise and the oil company buys NYMEX WTI futures in
the hope of making a profit. Several days later, on August 30, the weather condition
improves and production is restored so the oil company closes out his position before
prices can fall back again. Since there is no physical transaction involved the two trades
must be classed as purely speculative.

Table 5.3: Speculative Trade

Physical Market "$bl C. - FuturesMarket  $ibl
Day 1 No transaction
Futures bought at: $56.13
Day 5 No transaction
Futures sold at: $69.81
Profit +33.68
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5.1.4 General Recommendations

Basis risk is an essential consideration in any hedging program. The author reminds the
reader, that the basis is the difference in price between the product or crude to be hedged
and the hedging instrument being used. The closer the relationship between the two the
more effective the hedging will be. As there are very few futures contracts traded almost
everyone using them is exposed to some basis risk.

Before starting any hedging program it is necessary to establish the historical basis
relationship by comparing prices over as long a period as possible. In many cases, there is
a clearly defined seasonal change in the relationship and provided this is taken into
account hedging can be effective. Or the relationship can be affected by other factors
some of which may be foreseeable. But there will be some products and crudes for which
no satisfactory relationship can be identified (Kaminski 2004). In these cases it would be
worth looking at other futures and forward contracts to see if a more effective instrument
can be found.

In many cases, however, a satisfactory basis can be established and this should be taken
into account each time a hedging decision is made. In a major price move, basis
relationships can become insignificant since any protection is better than none at all.

But in a quieter market changes in the basis can outweigh any benefits to be obtained
from hedging.

5.2 Hedging with Options

Options can be used to achieve a great variety of possible outcomes depending on the
exposure and risk preferences of the user. Given the inherent flexibility of the four basic
options positions (please see paragraph 4.4.4), even simple trading strategies can be used
to produce tailor-made risk management and trading profiles, often at a very low cost.
This paragraph describes 2 common option trading strategies that are widely used in the
oil industry.

5.2.1 Example #1: Producer Hedge

An oil producer or distributor would like to hedge the value of its production. On

January 19, 2005 the current price of NYMEX WTI crude oil is $47.55/barrel according
to U.S. Department of Energy. The producer expects prices to fluctuate in the range of
$50 to $45/barrel during the one month period of the hedge (from January

19 — February 18), but is concerned about the risk of prices falling below $45/barrel.
University Of Petroleum & Energy Studies 48




If the producer is also prepared to accept a maximum price of $50/barrel for its
production, a combination of put and call options can be used to hedge at no cost.

Buy a $45/barrel put option: -$0.25/barrel

Sell an $50/barrel call option: +$0.25/barrel

Net cost of transaction: $0.00/barrel

The result of this strategy is to limit the downside and upside price risks to a range
between $45/barrel and $50/barrel.

If prices fall below $45/barrel, the $45 put option will be exercised giving the producer
the right to sell its output at $45/barrel, however low prices go.

If prices rise above $50/barrel, the $50 call option will be exercised and the producer will
be obliged to sell crude at $50/barrel, however high prices go. If prices are between
$45/barrel and $50/barrel, neither option will be exercised and the producer sells its crude
at the prevailing market price. This is exactly what happened in the period of January 19
— February 18, 2005 as NYMEX WTI prices stayed between $45/barrel and $50/barrel.
This strategy is known as zero cost collar (Kaminski 2004). The strike price of the option
can be set at any level, but the put and call options must be equally far out of the money

if the cost of the put and call premium is to be the same.

5.2.2 Example #2: Consumer Hedge

A crude oil consumer has based its crude oil purchasing plan on a maximum price of
$62/barrel for August 2005 with the latest purchase date of August 15. On July 20,

2005 the current price for NYMEX WTI crude oil is $56.72/barrel according to U.S.
Department of Energy. The purchasing department have decided not to lock in a price at
the current market level because they feel that prices may fall further to around
$50/barrel. To protect themselves against a price move above $62/barrel, the purchasing
department could buy August $62 call options at a cost of $0.20/barrel.

Buy a $62/barrel call option: -$0.20/barrel

Net cost of transaction: -$0.20/barrel

The result of this strategy is to limit the upside price risk so that the maximum price paid
by the company for crude oil would be $62/barrel.

If prices remain below $62/barrel, the $62 call option will not be exercised and the

purchasing department can meet its plan target with direct purchases on the spot market.
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If prices rise above $62/barrel, the $62 call option will be exercised and the company can

obtain its supplies from the option writer at $62/barrel, however spot market prices go.

On August 15 the purchasing department decides to buy the necessary amount of WTI

crude oil. The current price for WTI is 66.27/barrel which means that the $62 call option
is exercised and the company obtains its supplies from the option writer at $62/barrel
instead of buying the crude from open market at $66.27/barrel.

5.2.3 General Recommendations

Combinations of various options can become quite complex. There should be a clear
understanding of the hedging transaction so that the company can measure, monitor and
anticipate the extent of its exposure on the trade (and explain the transaction to its Board,

if necessary).

Also, there should be a clear hedging policy. For example, “trading around the hedge”
(Le. taking profits and modifying hedge positions) can be a good tactic so long as the
amount of trading is not excessive and it fits the policies and strategies agreed by the
company’s senior management. |
5.3 Hedging with Swaps

A typical swap contract involves two linked transactions. First, there is an agreement for
the swap provider to buy (or sell) a particular quantity of the underlying asset from the
swap user at a fixed price over a specified future time period. And, secondly, there is an
agreement for the swap user to sell (or buy) back the quantity of the same asset over the
same period from the swap provider at a floating price, which can be determined by any
mutually acceptable set of rules.

The two notional transactions are necessary to eliminate any requirement to deliver the
asset. But as the same parties are involved on both sides of the two transactions, the
contracts is actually settled by paying the difference between the fixed price and the
floating price to whichever party gained overall.

For example, an oil producer who is concerned about the risk of lower oil prices over the
next six months could use a price swap to fix the price of all or part of his output for that
period. Like hedging with a futures contract, this involves two parallel sets of
transactions, one paper and one physical, in which the profits (or losses) from the paper

transaction are used to offset any losses (or gains) on the physical transaction.
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In this case the paper transaction is the swap agreement, which specifies that the producer
will:

a) sell a certain number of barrels of his particular grade of crude oil each month to the
swap provider at an agreed fixed price; and

b) buy back the same quantity and quality of oil at the same time at a market related price
determined according to an agreed formula.

If the formula price exceeds the fixed price, the producer pays the difference to the swaps
provider, while, if the formula price is less than the fixed price, the swaps provider pays
the difference to the producer. Any profits (or losses) which the swap user makes on the
swap contract are then used to offset any losses (or gains) that arise because of changes in
the market price when the producer actually sells his oil on the physical oil market. In
this way the producer ends up with the equivalent of a fixed price for his oil over the .
entire period.

5.3.1 Example #1: Producer and Supplier Hedge

A small WTI crude oil producer wants to take advantage of high oil prices during the
fourth quarter of 2004 to lock in a good price for part of his next year’s production in
case prices collapse. He decides in October 26, 2004 that prices have peaked and agrees a
price swap to sell 1,000 b/d (average barrels daily) at the current swap market price of

$56/barrel (according to the U.S. Department of Energy) for the first 3 quarters of 2005.

The structure of the swap deal is as follows:

a) The producer agrees to sell 1,000 b/d of WTI crude oil to the swap dealer at a fixed
price of $56/barrel throughout first 3 quarters of 2005;

b) The producer agrees to buy back the same quantity from the swap dealer at a floating
price based on the quarterly average spot price FOB of WTI crude oil at Cushing,
Oklahoma;

c) Payments are to be made quarterly within five business days of the end of the quarter
based on the difference between the agreed fixed price of $56/barrel and the value of the
price index. If the index price is higher than the fixed price, the producer pays the swap

dealer. If the index price is lower than the fixed price the swap dealer pays the producer.
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In the first 3 quarters of 2005, the producer sells his actual output in the physical market
at market prices, which combined with the net value of the payments from the swap deal,
provides him with the fixed price guaranteed by the swap deal.

The net payments to (+) or by (-) the producer in the swap deal are as follows (actual

prices):

Table 5. 4 Payments of the Swap Deal

Penod &WTI Price . . leed Prlce : ‘g:il‘?eerenéé 'Quamlty (bl) Payments ($)
05Q1 5003 56 4597 " 91,000 +643,180
0502 54.44 56 +156 91,000 +141,874
05Q3 63.99 56 7.99 91,000 727,829
2005G1-03 5615 56 © 015 273000 42774

And, the receipts from the sale of WTI in the physical oil markets are:

Table 5.5: Recelpts from the Sale of Physical Oil

g;fPenod _ WTI Pnce il.ﬁQuantlty (bl) Rece;pts(s)
05Q1 5003 91,000 +4,552819
05Q2 54 44 91,000 +4,054 125
0503 63.09 91,000 +5,823,829
2005Q1-03  56.15 273,000 +15,330 774

The combined proceeds from the swap deal and the physical sales are therefore:

Table 5.6: Combined Proceeds

- Sales ~.“Swap. .. - . Total - o t"Quannty sold: . Price-
Bl CoREAT Proceeds (S) Proceeds ($) Pr oceeds (3) (bly .l .’7,.30""3\’9‘1(3/('3')
05Q1 +4.552,819 +543,180 +5,096,000 91 000 56
05Q2 +4,954 125 +141,874 +5,096,000 91,000 56
05Q3 +5,823,829 -727,829 +5 096 000 91 000 56
2005 01 Q3 +15,330,774 42774 +15, 288 000 273 000 56

Thus, the producer achieved the target price of $56/barrel for his output in the first 3
quarters of 2005, compared with an annual average price of $56.15/barrel, which he
would have received if he had not entered into the swap. In this case the swap price
turned out to be lower than the actual market price. But prices could have fallen sharply
as well. Either way, the producer can be sure of receiving an average price of

$56/barrel for his crude — whatever happens to market prices in the first 3 quarters of

2005.
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5.3.2 General Recommendations

The most common swap agreement presented in this paragraph -and various swap
agreements described in the theoretical part of this thesis (see paragraph 3.5) allow
companies to manage their exposure to energy price risk with considerable flexibility.

It should be remembered that : -

¢ producers and processors can offer fixed-price products to their consumers;

¢+ refiners can lock their refining margins;

¢ banks can offer more attractive financing when price exposure is controlled;

¢ exposure to one oil product can be switched to another: for example, an airline fixing
futures prices in gasoil can eliminate the inherent basis risk by using a jet-gasoil
differential swap;

¢ competitive advantage can be secured by locking into high/low prices; and

¢ certain limitations of the exchaﬁges (notably liquidity, duration, the need for margin
adjustments and the limited range of product specifications) can be overcome with swaps.
Despite these points, few companies hedge all of their price exposure, particularly in the
longer term. Instead, the convention among end-users is to hedge the current
financial/budget year plus one, while the percentage of this exposure that companies seek
to cover is still somewhere between 40% and 60% .

One reason why companies hedge only a fraction of their exposure is that they do not
want to risk forgoing gains if the market moves favorably. Companies may also be
concerned that they will be left at a relative price disadvantage compared with their
competitors. However, it would still appear that most companies are under-utilizing the
risk-management potential of energy swaps.

One of the main limiting factors worldwide is a lack of knowledge about derivatives.
Another problem is that, in the past, the energy swaps market has been inefficient with
regard to competition and liquidity. Again, there is gradual improvement on these counts

particularly for longer-term products.

5.4 Conclusions Resulting from the Hedging Examples
The author believes that the practical examples and general recommendations provided in

the current chapter clearly indicate that successful hedging of crude oil can be achieved
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with forwards, futures, options and swaps. The derivatives covered by the thesis all have
their advantages and disadvantages when compared to each other.

Forwards unfortunately almost always involve physical delivery, yet there are more
forward contracts available for hedging than there are futures. Futures on crude oil

( especially WTI and Brent-based) are subject to deep liquidity but the existence of basis
risk undermines their success. Buyer of options does not obtain any liability with the
transaction but this freedom has a cost that is usually higher when compared to other
instruments. Swaps are an easy way to fix prices with the exchange of cash flows, yet the
hedger has to have a reliable credit rating and a margin has to be set up.

Exchange-traded derivatives are effective instruments for hedging that requires fast
execution and deep liquidity. OTC markets, on the other hand, are useful and necessary
for those hedgers who aim for customized and specialized instruments such as the swap
described in paragraph 5.3.1.

The practical examples represented in the current chapter point out the following:

+ hedging stabilizes the fluctuations of company’s cash flows;

¢ hedging decreases company’s price risk exposure when being involved with physical
products;

¢+ hedging secures competitive advantage by locking into high/low prices;

¢ hedging enables producers and resellers to offer fixed-price products to their customers;
¢ hedging provides effective financial management of the company and enables the
management to focus on other factors of the business.

Combinations of various derivatives can become quite complex. There should be a clear
understanding of the hedging transaction so that the company can measure, monitor and
anticipate the extent of its exposure on the trade.

To conclude, when designing an energy price risk management or trading program, it is
essential to be aware of all the risks that are involved in the energy market and the ways
in which they interrelate. But it is important to remember that any hedging strategy which
focuses narrowly on any one of the possible risks and ignores the others may be worse

than having no hedging strategy at all.
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CHAPTER 6
LIMITATIONS & CONCLUSIONS

6.1 LIMITATIONS

The limitations of the dissertation project can be summarized as follows:

1) The data analyzed in the dissertation is of the period 2004-05 as this data was readily
available and could be further analyzed.

2) Only crude oil was taken as a commodity to study the effect of derivative instruments.
Other commodities were not taken into consideration which limited the project to just one
commodity.

3) Other factors like geo-politics, external factors are not properly taken into

consideration.

6.2 FINDINGS & CONCLUSION

Over the last twenty years oil has become the biggest commodity market in the world.
The author would like to stress out, that during this period, oil trading has evolved from a
primarily physical activity into a sophisticated financial market. In the process it has
attracted the interest of a wide range of participants who now include banks and fund
managers as well as the traditional oil majors, independents and physical oil traders.

The oil market now offers an almost bewildering array of trading instruments that can be
used to reduce the price risks incurred by companies buying and selling physical oil.
These instruments include forwards, futures, options and swaps. The instruments can be
traded through organized financial exchanges or on the over-the-counter (OTC) markets.
Futures contracts enable companies to buy and sell oil of an agreed standardized quality,
quantity and delivery terms for future delivery within the institutional framework of a
futures exchange. Forward contracts enable companies to buy and sell oil privately
between themselves for future delivery outside the institutional framework of a futures
exchange. Price swaps enable companies to exchange price risk without involving the
physical delivery of any oil. Like forward contracts, swaps are agreed directly between

two parties and are not guaranteed or otherwise organized within any institutional
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framework. Options enable companies to lock in a maximum or minimum price for the
purchase or sale of oil at a future date in exchange for a fixed non-refundable “insurance™
premium.

Taken together, these derivative trading instruments have transformed the structure and
operation of the oil market over the past decades, giving companies much more control
over prices and bringing new participants into the market, such as banks and financial
trading houses, who are prepared to take on some of the risks created by oil price
volatility.

The author concludes, that price risk management tools such as derivative instruments are

used to manage price volatility in order to protect company revenues and profits.

In the simplest terms, this is accomplished by hedging — establishing a “paper” position
opposite to the physical position of the commodity buyer or seller.

The hedger uses derivatives to protect a physical position or other financial exposure in
the market from adverse price moves which would reduce the value of the position.

A seller of the commodity seeks protection against downside price moves; a buyer seeks
protection against upside price moves. Hedging protects profit margins and reduces risk.
The hedge position is established to buffer against day-to-day market fluctuations in
accordance with strategic company objectives.

Companies should ensure that any derivatives activity remains within the parameters
agreed by the Board and the risk management committee or risk manager. When
designing an energy price risk management or trading program, it is essential to be aware
of all the risks that are involved in the energy market and the ways in which they
interrelate. But it is important to remember that any hedging strategy which focuses
narrowly on any one of the possible risks and ignores the others may be worse than
having no hedging strategy at all.

There are three main participants in the derivatives market: hedgers, speculators and
arbitrageurs. Many corporations, investing institutions, banks and governments can be
seen as hedgers as they all use derivative products tobhedge or reduce their exposures to
market variables such as interest rates, share values, bond prices, currency exchange rates
and commodity prices such as oil. Speculators are aware of the fact, that derivatives are
very well suited to speculating on the prices of commodities and financial assets and on

key market variables such as interest rates, stock market indices, currency exchange rates
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and commodities. Generally speaking, it is much less expensive to create a speculative
position using derivatives than by actually trading the underlying commodity or asset.
Arbitrageurs have also their share in the market place. An arbitrage is a deal that
produces risk-free profits by exploiting a mispricing in the market. A simple example
occurs when a trader can purchase an asset cheaply in one location and simultaneously
arrange to sell it in another at a higher price.

The objective of this thesis was to study and analyze the various derivative instruments
available on the global financial market and to present practical examples for hedging
crude oil price risks in accordance with broad-based hedging strategies.

The author provided an introduction to modem oil industry and explained the importance
of crude oil on the global market. The importance of basis risk and hedging in general
was explained.

An in-depth theoretical explanation of derivative instruments and the strategies applied in
energy hedging was given.

To conclude, it must be said, that crude oil forms the basis of global energy markets and
is the most important trendsetter for energy products as a whole. It is important to clarify,
though, that the most common strategies used in regards to crude oil hedging can also be
applied to other energy products as the specifics of various derivative instruments are
often similar or even identical. This is the reason why companies worldwide are applying
the same strategies to the hedging of price risks of gasoline, diesel oil, heating oil, jet fuel

etc.
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