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PURPOSE

This paper represents an introduction to the topigsing options and futures to manage risks ingne
utility operations. These topics often involve qoitated analyses and nuances, which one paper can
only touch. The primary purpose is to provide &ereiew or an introduction to these new aspects of
utility resource management, and utility risk magragnt. The reference list included within this grap

is a valuable resource for individuals who wisimove beyond this introductory paper.

HOW DID ENERGY UTILITIES BECOME INTERESTED IN “OPTIONS” AND FINANCIAL
HEDGING INSTRUMENTS?

Energy utilities’ interests in options and finarkdiedging instruments are a response to the incigas
uncertainty seen in their markets. Over the lastdecades uncertainty, and perceived uncertdiatg
been on the rise, resulting in changes regarditigyytlanning. As deregulation (or re-regulatiaiith
market-based pricing) has increased, uncertairdyir@eased in both the price of raw inputs as all
final product (energy) prices. This has produceatarrapid consideration and adoption of planning
methods that incorporate this increased uncertainty

Prior the first oil embargo, most utility demanddoasting was performed by straight-line trend ysisl
This forecasting assumed stable prices, and wad teselevelop long-term supply contracts in the
natural gas utilities and planning for the condinrcof large electricity plants in the electriclity field.

The price spike of the 1973 oil embargo began dingritpese practices. A greater uncertainty in g@ner
prices, and therefore a greater uncertainty in gghelemand, was recognized. This led to using
econometric methods for utility demand forecastiwgereby economic factors and energy prices (and
their elasticities) were explicitly included.

Over the last decade natural gas deregulation &éas bndertaken through several steps. The Natural
Gas Policy Act of 1978 set in motion the deconttbithe wellhead price of natural gas. Increasing
market-based pricing spread to the pipelines thrdugt Federal Power Commission (FPC) rulings on
take-or-pay contract provisions in 1967; then Fald&nergy Regulatory Commission (FERC) policy
statements and rulings. FERC’s Order 436 in |&851laid out an optional open access system for
natural gas transmission. This rule was replaoet®B7 with Order 500, an interim rule establishing
deadline for take-or-pay settlement proposals. s Thocess led to FERC Order 636 in April 1992,
requiring pipelines to unbundle transportation s&y from gas sales, open access for transmisanoh,
timely access to capacity and pricing informatica electronic bulletin boards. (30)

Natural gas was sold according to a specific téterm transactions”, or on the spot market. Term
transactions have increasingly been priced based apformula or indexed price rather than a fixed
price. The monthly term transactions are tied pejime nominations.

Natural gas deregulation has given all parties nar@ices; thus, increasing the complexity of the
decisions, and increased the uncertainty of fytuiees and capacity availability.



The New York Mercantile Exchange (NYMEX) establidrefutures market for natural gas. Futures are
financial (paper) instruments that give its holdlee right and the obligation to take delivery of a
specified quantity of natural gas at a specifiedegpand location. This financial market is basedn
standardized contracts with set delivery points axpiration dates (dates of obligated taking) tied
monthly term transactions.

The paper futures market provides a financial ntattkat allows traders to purchase a hedge against
price uncertainty. A consumer of natural gas mahwo purchase insurance against increases in the
price of natural gas. This insurance could behanform of purchasing a futures contract so thatréu
delivery of gas, at the time when they requirasitfor a contracted price. The consumer will obta
their natural gas for a guaranteed price (a callthe strike price), insuring their production cost
Conversely, a supplier can purchase a futures adntio sell gas at a specified date in the futimea
specified price at a specified location (a puttfer strike price).

Deregulation in electricity is behind that of natugas, but moving in a similar direction in mangys.

A major step was taken with the passage of thei®Ubility Regulatory Policies Act (PURPA) in 1978.
PURPA provided encouragement for cogeneration amall Sndependent power producers, requiring
payments of utility avoided costs to Qualifying Fiées. This significantly opened up the genesati
market and assisted in advancing the technologiésfimancing capabilities for independent power
producers. FERC began implementing case decisionise late 1980’'s and early 1990’s directed
towards a path of wholesale power deregulation @adsmission service pricing. FERC allowed
market-based pricing to utilities that “voluntatilgffered open access transmission tariffs. Sirtyija
FERC required open access transmission tariffisiapproval of utility mergers. The Energy Polast

of 1992 (EPAct92) amended the Public Utility Holgi@ompany Act (PUHCA) and the Federal Power
Act, allowing utilities to have ownership in indement power producers (Exempt Wholesale
Generators, EWG), and expanded FERC's authorityorthering utilities to provide transmission
wheeling of wholesale power. FERC issued a Nott®roposed Rulemaking for Open Access of
transmission in April 1995. Comments and technazadferences are in process as this paper is being
written.

All of these steps in the deregulation in the eleehdustry, and the movement to market-basedngic
greatly increase the uncertainty in the electrdustry. As with the natural gas industry, theseaases

in uncertainty are leading to changes in electrs& management. NYMEX is preparing for an
electricity futures market. Yet, given the muchgkx size of the capital investments in the electri
industry; an emphasis on responding to the gra&ks seen in making generation investments has
taken first priority. That is, the first hedgin@ibg done in the electric industry has been in supp
option contracts.

Supply option contracts provide the purchaser whth right to buy, for a small initial fee, a spésif
amount of electricity at a specified location aimdet in the future, but with no obligation at thené of
the contract to make this purchase. It allows ukibty to postpone its decision to purchase and,
therefore, lower its risk.

DEFINITIONS FOR FINANCIAL HEDGING INSTRUMENTS AND CONTRACTS

Derivatives: All financial instruments that degitheir value from an underlying asset are derreati
These include futures and options (including omien futures). A second more



Forwards:

“Swaps:

Futures:

restrictive definition is also used where derivasivare those instruments that contain
characteristics of future and/or options with ottmere complicated contract elements for
financial hedging. These other elements may irelagrice cap, price floor, and other
more complicated financial positions (e.g., colldbsitterfly spread, calendar spread,
straddle, short straddle, etc.). The more comcttalerivatives are more difficult to
value and often offer less liquidity.

Contracts for future delivery and purehatan asset, primarily a goods contract. Used
for financial hedging and operational purposes.te®fdelivery of the good is taken.
These contracts are not sold in federally regulatackets. They are primarily a contract
between buyer and seller, though some contractbeasold to others. Payment occurs
with the transfer of the goods.

One party agrees to pay a fixed price, eviiile other agrees to pay a floating price.
Swaps seek to pair companies with opposite riskepgace profiles. Swaps substitute
counterparty credit risk for price risk, but usydhtst longer than futures (e.g., 15 years
versus three years for oil futures).” (1) (Swap$&nancial markets are not always longer
than futures, only in energy markets.) A swaprimprily a goods contract rather than a
financial instrument.

A contract for the purchase of an assea fepecified price (called the strike or exercise
price) at a specified date (called the exercistleseent, or expiration date), primarily a
financial instrument. These contracts are stanzkgdand sold in futures markets that
are federally regulated. This makes them highguiti, attracting speculators and again
adding to their liquidity. Futures contracts caary obligation to buy or sell. Unlike
forward contracts, futures are subject to dailylemient procedures.

Bilateral Options

Contracts:

Financial
Options:

A future goods contract that alloles buyer the right to purchase the good at a spdcif
price at a specified date, but does not obligagebthyer to make the purchase. These are
normally bilateral contracts designed for the buged seller, not for resale. They may,
however, be resold. An option on a goods contraat,a financial instrument. May
include timing such that a level of initial or grelnary work is completed as part of
insuring option validity prior to exercise datehelcost of this preliminary work is often
covered in the initially paid option fee.

A call option gives the buyer the rightbiay the asset at a specified (strike or exercise)
price on a specified (exercise, settlement, orreipn) date, but does not obligate the
buyer to buy the asset. A put option gives thdesehe right to sell the asset at a
specified (strike or exercise) price on a speci{ecercise, settlement, or expiration) date,
but does not obligate the seller to sell the as€gitions (financial, rather than bilateral
contract options) are traded on federally regula#é&dhanges. A call option allows
hedgers to cap the price they are willing to p&ptions are financial instruments that
provide price insurance, financial hedging. Theg &ss expensive insurance than
futures/forwards because they are only buying fiteon not the asset itself. If an option
is exercised (the good is taken for a call optioeadd for a put option), then the purchase



is made for the exercise price. Options pricesigbavith respect to volatility and price
changes, making option valuation much more difficul



AN EXAMPLE OF ENERGY FORWARDS

Jorgensen and Felder (19) describe the operatitredfght power pool in the New England Power Pool
(NEPOOL). This economic dispatching of electriogetion is based upon an accounting settlement of
power transactions and a bilateral forwards markidie forwards market allows members to optimize
their power-supply with sales, purchases and exgdmim a way that captures cost responsibilities an
minimizes overall member costs. The accountinteseént by NEPOOL provides “last resort” power
and incentives for each member to optimize theppuprovision. Forwards contracts in NEPOOL
range from a few hours to years. As of January518%ere were more than 1,000 active forwards
contracts.

FUTURES

Futures markets are based upon a standardizecgcofdr a future delivery of an asset. This alldis
trades to only be negotiated on price. This featirthe futures markets allows financial specuato

be attracted into the market. These additionagstments increase the market's liquidity. The high
liquidity, in turn, offers flexibility for these somodities.

The clearinghouse plays an essential role in thada market. Contrary to investments in stodks, t
sales of futures are not performed directly betwdmiyer and seller's agents but through the
clearinghouse.

Contrary to forwards contracts, futures are settlaitly not just upon delivery of the asset. Buyans
sellers could see losses in their futures (caugeithdo movement in the spot price as the futuresepri
must equate to the spot price on expiration). oudis risk, the clearinghouse requires that tatyers
and sellers establish a margin account. This ggagcount must consist of near-cash assets, asich
Treasury bills. The size of the required margidependent on the volatility of the price of theeds
Settlement is made daily. This is called markmgnarket.

Trading in options and futures offer several adages and several disadvantages compared to the
trading (contracting) for the underlying asset.
The advantages are:
» “Easy adjustment of market exposure;
* Reduction of transaction costs;
* Same-day settlement or simultaneous trades;
* No disruption of underlying-asset management; and
Creation of specialized risk/return patterns.” (7)
The disadvantages are:
* “Need to understand complex relationships;
» Risk of unfavorable mispricing;
» Possibility of tracking error between futures amderlying portfolio;
» Liquidity reserve required for margin requirements;
» Dalily settlement required in marking to market; and
* Potential short-term tax consequences.” (7)



EXAMPLES OF ENERGY FUTURES

Natural gas futures began trading on the New Yoskddntile Exchange (NYMEX) in the spring of

1990. The standardized futures contract createYMEX for natural gas contains delivery at the

Sabine Pipe Line Company's Henry Hub in Erath, k@ra. Other delivery sales are then often
indexed to this.

The availability and use of a futures market camehaignificant impacts on the underlying asset
markets. The oil industry changed significantlieatrude oil futures were developed. Baum anaiflre
claim that “natural gas futures accelerated theldgment of a fiercely competitive natural gas sidy
made spot contracts more efficient, encourageddévelopment of storage, and enabled new product
development (such as capped gas prices to industrsomers) (1)”. Hedging has created a large
natural gas futures market where gas contractsewen to ten times the amount of available gas (36)
Similar changes are being speculated for the etantiustry.

The NYMEX is currently completing its electricityutires contract specifications, and obtaining
approval from the Commodities Futures Trading Cossion. The futures contract being proposed
would allow purchase of “1,500 megawatt-hours eb@astant 5 megawatts (plus or minus 2 percent) an
hour for 20 business days, during peak hours (7 .10 p.m.). The power would be deliverableGa 5
kilovolts at the Palo Verde, Arizona bus or the ifdahia/Oregon border under Western Systems
Coordinating Council rules.” (1)

The ability for a futures market to provide adeguifficient) hedging is dependent upon how wedl th
futures contract measures the underlying asseg. cliltrent regional nature of natural gas and etggtr
may require several futures contracts to be tradedecond natural gas futures contract was appgrove
by federal regulators in May 1995 to be traded lom iKansas City Board of Trade. These futures
contracts have natural gas delivery at Valero Bh@ayporation’s Waha gas interchange in West Texas.
(6) Brinkmann and Rabinovitch’s (6) analysis pd®s evidence that the first natural gas futures
contract could not fully provide the desired hedpeen the regional nature of the U.S. natural gas
pipeline system. Their work also suggests thaird hatural gas futures contract might be needed.

Additional electricity futures contracts are exmelt Different contracts for each inter-connectgstesn
could be expected to be created. (A futures mddtehe eastern and north-eastern parts of the i5.S
expected. However, it is unclear whether the El&tt Reliability Council of Texas, ERCOT, has
enough players to make an efficient futures mapkesible.)

OPTION VALUATION MODELS

It is relatively straightforward to understand thiaére is value in postponing a decision until éhisr
more information, and the probability of making @stty decision is lowered. However, an essential
guestion is: “How much should be paid for the optio postpone your decision?”

Many utilities are familiar with decision analysend its greater capabilities over the prior useetf
present value analysis (NPV) for making resour@aping decisions. Decision analysis, developed in
operations research, derives optimal initial decisi recognizing that initial decisions relate te th
consequences to be seen from subsequent tempoisibds. Decision analysis was adopted to include
uncertainty in the resource planning analysis. ifd@c analysis can also be used to evaluate optibas



value of reducing uncertainty or the value of hguine flexibility to wait for better informationUsing
DA to value options, however, requires the forangstf prices and price volatility. Yet, this ishere
our greatest uncertainty lies.

Modern Finance Theory (MFT) provides us with foramito value options while only forecasting price
volatility, not prices themselves. Black and Selsq2) developed an oft-quoted derivation that iphes/
an option valuation method that depends only oreadble variables. The valuation is based upon
comparing financial packages that are in essenoevagnt. The value of the package without the
option is compared to the known values in the pgekaith the option. The difference is the value of
the option. The derivation of the valuation formuhowever, is somewhat complicated. First, it
assumes that the stock price being examined follol@eandom walk process” (a log normal diffusion
process)(12). Then the analysis followed the ¢atiten between the price of the stock and the opobio

it through an argument of its risk-free nature apgreciation at the risk-free rate. From herescsd-
order linear partial differential equation providée formula for the value of the option. Thisrada
was a major step in this field of finance. Howeuhis formula does not always offer closed form
solutions.

A simplified formula was derived for easier applioa by Cox, Ross, and Rubenstein (8). They showed
that the Black-Scholes formula could be seen a#irtlieof binomial choices. This method is calldgt
Binomial model of option valuation. It pre-suppsdbkat the differential formula can be achievedby
infinite number of increasingly small binomial cbes. The Binomial model is much easier to work
with and can provide solutions when the Black-Sesdbrmula does not. Nevertheless, the Binomial
model also becomes complicated once many timeg®ae analyzed.

A one period Binomial is often the example useddquaint individuals with the work. We will begin
with assumed market volatility factors of ten petcepward and twenty percent downward. The
complete set of assumptions for this first exanmpkes follows:

» Upward Market Volatility Factor (u): 10%
» Downward Market Volatility Factor (d): 20%
» Exercise Price (X): $45
* Risk-free rate (r): 5%
e Price per Unit (P): $50

There are two steps in this simplest form of vauithe option. The first is to construct equivalent
financial packages and find the rest of our inp@ibimation. The second step uses this informattion
calculate the value of the option.

First, we construct two equivalent financial pacsgne with the option and one without. This rsean
the two packages have equal returns. One packade ioption, the other is the purchase of goods an
borrowings to finance this purchase. These twdkages and the above assumptions are used to
establish equations that make the packages egnivalesturns in both an up or a down market. g t
point, we still do not know the quantity of goods¢ghased or the amount borrowed. These are oltaine
by what will give us equivalent returns in bothtloé possible market occurrences, up and down.

For example:
In an up market, the value of the goods package is: [Q*P*(1+u)] - [B*(1+r)]
In an up market, the value of the option is: [P)+ X if >0, else O

Substituting in our assumptions --



the value of the up market goods package: (Q*B5)-05)

the value of the up market option: 55 -45=%10
The up market equivalency is: (Q*55)-(B*1.05) = 10
In a down market, the value of the goods package is [Q*P*(1+d)] - [B*(1+r)]
In a down market, the value of the option is: [Pd]] - X if >0, else O
Substituting in our assumptions --

the value of the down market goods package: (QtB6).05)

the value of the down market option: 40-45=-5

The option value is less than zero, and

the option is not taken. =0
The down market equivalency is: (Q*40)-(B*1.05) =0

We have two equations and two unknowns to solve.

These are: (Q*55)-(B*1.05) = 10 and (Q*40)-(B*1.05)p.

Solving for these two unknowns is as follows:
Q*40 = 1.05B, Q = 0.02625B, substitutiag (0.02625B*55)-(1.05B) = 10,
(1.44375B)-(1.05B) = 10, 0.39375B = 10, B = 25s4@stituting= Q = 0.02625*25.40,
Q =0.6675

Our second step is to calculate the value of th®owgrom this. This is: O = QP - B. Or, O =
(0.6675*50) - 25.40 = 33.3375 - 25.40 = $7.94. Vakle of the option is $7.94.

Multiple years can be applied as a binomial tréais looks a lot like a decision tree, where eacten

to the left is calculated from those at the rigitt.other words, the binomial tree is worked fraght to

left. The option value is calculated by taking tlierence in the tree without the option, frone tralue

of the one with the option. The option is allowing negative consequences to occur, since theroptio
would not be taken in these cases. That is, aydefward node the value can be zero or the ebagec
value. Our second example is from the Lowell &t{1), and provided graphically in Figure 1.

Assumptions were made as to the market volatibigtdrs, in this example. These factors are very
important and most actual uses of the Binomial rhedend a significant amount of the research effort
in determining these market volatility factors. eTé&pplication of this method, therefore, is oftetwa-
step analytical process. The first step beingatiaysis to estimate the market volatility fact@nsd the
second step being the option valuation.

The market volatility factors are the risk-neutpabbabilities, or “martingale” probabilities. Thesan
be determined from the current price, the posgilgh and low prices, and the risk-free rate.

The possible high and low prices can be obtainaa fihe historical standard deviation in price paet
period. These are obtained from the following folas (26, original cite 8):

u=¢&@angd

d = &' where:

u = upward movement of price;

d = downward movement of price;

o = standard deviation of price; and

n = number of time periods.



Traditional Approach
123.4 - 100 =23.4
50% * 23.4 +
50% * 6.6 = 15
50% * 15 +

50% *-0.7 = 7.2
106.6 - 100 = 6.6

50% * 6.6 +
50% * -7.9 =-0.7

92.1-100=-7.9

Option Theory Approach
123.4-100=23.4

50% * max[0,23.4] +
50% * max[0,6.6] = 15

50% * max[0,15] +

50% * max[0,3.3] = 9.2
106.6 - 100 = 6.6

50% * max[0,6.6] +
50% * max[0,-7.9] = 3.3

92.1-100=-7.9

Option Value =9.2-7.2=2.0

Figure 1. Second Binomial Example (21)




The martingale probabilities are obtained withftiieowing formula (26, original cite 8):

p= [(1+r)Pcurrent‘ I::1ow]/[|:)high - How], and 1-p;
where: p = probability and P = price.

These are the very basics of option valuationvdtlld be far beyond the length of this paper fotais
cover the derivation or usage of a full Black-Selsoiodel. The references given below will alloe th
reader to move forward, if they so desire.

EXAMPLES OF THE USE OF OPTIONS WITHIN ELECTRIC RESQRCE PLANNING

Several utilities are already using the valuatidén lolateral options contracts as part of theirctie
resource planning. These include:

Bonneville Power Administration

RFP in 1992 with goal to option 800 megawatts (m@/ e ready by 1995. They received 60
proposals for over 7,500 mW, and selected threegofrom these. They have five combined cycle
combustion turbines and 1,090 mW in these thre#racis. Five-year lead time has been cut to
three years. At this time, no expectation to eseroptions. The contractor has an exclusive tight
build new generation. BPA pays for pre-constructicork, a hold price for exclusive right. Hold
periods vary up to ten years. BPA will pay a qailce to place a plant in service. BPA can
terminate at any time with a termination fee. @iveirrent market, BPA would now use financial
market hedges if available instead of the resoopt®ns contracts.

Boston Edison Company

Received approval in 1995 from the Massachusetizaiment of Public Utilities to include an
options supply bid in their Integrated Resource &pmment plan. The DPU approval allows BECo
to exercise, or not, their option contracts as thegm fit, with option costs recoverable in rateeha
Basically, a policy of prudent management reviedy and allowing the utility to work out the
details. The options allow pre-siting work to bempleted, shortening plant lead-times, while
delaying the actual commitment of the larger carction monies.

New England Electric System

[0 Evaluated an option for a hydroelectric plant

[0 Evaluating buyouts, buying delays, and contractm@sibns with non-utility generators

Northern States Power

Evaluating long-term contracts for selling excesgacity at wholesale with a discount

Tennessee Valley Authority

Negotiating with bidders who responded to a Reqi@@stProposal (RFP) for Option Purchase
Agreements (OPAS) for Supply
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