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Abstract

The introduction of power forward option transaction in the power

market not only provides a richer revenue mix for the participants ,but also
plays an important role in dispersing and avoiding those uncertainties of the
market that they have to face,improving the controllability of transaction and
enhancing the stability of the power market operation.In this paper,the
strategy using of power forward option and its trading operations in the
power market is analyzed and specific examples are presented.

Introduction

The optional power forward contract which combines with option theory
renders a more flexible and elastic option for both parties of the market
transactions. This is a contract model which its fundamental thinking is based on
the option trading theory. It makes the power forward contract (not power itself)
directly as the subject matter of an option contrast to have free trade during the

In the operation of actual power market, it is allowed by the market rules that
both parties of the power transactions may enter into forward contract of power
exchange at the future time of T according to their willingness. Now we suppose
that: (1)Based on the forward information of market publicly available or the
information of the market coordination and arbitrator which approved by the
parties to the contract, they will have a similar estimate between the probability
distribution function and probability density function of the power spot prices P in
the future time T [1]. (2)The forward price in the power forward contract is F and
the delivery price which aims to make the contract’s value to zero is K. At the time
when forward contract is signed, F=K, and with time goes by, K keeps the same, F
may change, but at last, when it reaches the contract’s due date, it converges to
spot price [2].

For the forward option is a right, not the obligation, the holders will obtain the
forward contracts with the determined forward price before the specified date. In
particular, the holders of bullish forward option have the rights to obtain the long
position of forward contract in accordance with the specified price; the holders of
bearish forward option have the rights to obtain the nominal of forward contract in
accordance with the specified price [3].

Therefore, the contract of power forward option offers greater freedom choice
for both parties of contract, and the various market participants are available
through the purchase of forward option to obtain their desired rights. When bullish
forward option is carried out, the benefit of investors carrying out option equals to



forward spot price minus the strike price of option; when bearish forward option is
carried out, the benefit of investors carrying out option equals to the strike price of
option minus forward spot price. The due date of forward option is generally the
same day or few days earlier of the earliest delivery date of the subject’s forward
contract.

Il. THE STRATEGY ANALYSIS OF POWER FORWARD OPTION
PORTFOLIO

Power forward option has the function that it may produce a wide range of

different profits status.
If the strike price of power forward option could be any possible price, it may
create any form of profit and loss state in theory, which is very attractive to the
capital investment which is outside the power market. In fact, unilateral or bilateral
model of optional power forward contracts are only two strategies of the portfolio
in the model of power forward option contract.

The model of unilateral optional forward contract between power companies
and users only allows the power supply interruption to the users when the spot
price is higher, and the power companies pay the price of disruption (equals to
premium Q). If it is explained by the thought of option synthesis, the power
companies is equivalent to sell a forward contract and simultaneously buy a bullish
forward option. Its profit and loss state is shown in Figurel, K is the delivery price
of forward contracts, X is the strike price, and Q is the premium [4].

As a consequence, the synthesis option is equivalent to buy a bearish forward
option which its premium is (X+Q-K) by the side of power company. Because of
(X+Q-K)>0, We may get X>(K-Q).

Figure 1. Synthesis option constructed by the forward and bullish forward option

Similarly, the bilateral model of optional power forward contract can be
explained by the option synthesis application. At this time, the seller is equivalent
to selling the bearish forward option by a certain strike price, while buying bullish
forward option with a higher strike price of the same forward contract and selling
forward option which its delivery price is between the two previous strike prices,
thus its synthesis option constituting the two-period option policy of trading
strategy. The profit and loss state of seller is shown in Figure 2, which its expected



return and potential losses are (K-XI) and (X2-K).Therefore, making K close to X2
is profitable in terms of the seller.

Figure 2. the synthesis option constructed by forward and bullish, bearish forward
option

The above analysis of the two options strategy is just tip of the iceberg. If the
strike price of power forward option can be any possible price, it may establish any
form of profit and loss state in theory. For example, according to hold the long
position or nominal of the same or different option, it will form the spread option,
combination option and other complex option, while the plentiful profit and loss
status will be generated. Among that, such as butterfly spreads, strangle and
straddle are very interesting and attractive trading strategy [5].

Butterfly spreads: The butterfly spreads is composed of three forward option
positions with different strike prices. It can be constructed as follows: To purchase
a bullish forward option with lower strike price X1 and a bullish forward option
with higher strike price X3, then sells two bullish forward options with the strike
price X2= ( X1+ X3)/2. Generally speaking, X2 is very close to the delivery price
of forward contract. The profit and loss status of this investment strategy is shown
in Figure 3. Using the strategy will be profitable if forward price remains at near
term of X2, while there will be a small loss if the forward price has greater
volatility in any direction. As a result, butterfly spreads is a nice choice for those
investors who consider that the power forward price cannot be subject to
significant volatility.

Figure 3. Butterfly spreads constructed by bullish forward option

Strangle: Simultaneously buying the bullish forward option and bearish forward
option with the same maturity but different strike prices will construct the strategy.
The profit and loss status is shown in Figure 4. The strike price X2 of bullish
forward option is higher than the strike price X1 of bearish forward option. So the
strategy could be used when the investors expect that there are significant changes
in power forward price without any ideas about its direction [6]. The benefit of this
strategy is unlimited when the forward price is changing towards a favorable
direction. On the contrary, its losses are limited smaller when the forward price
changes into the negative direction.

Figure 4. Strangle constructed by bullish and bearish forward option



If the strike prices of bullish and bearish forward option are the same in the
strategy (X1=X2), it will constitute a common straddle. The difference between the
two combination options is that: The investors can only benefit when changing
level of forward price in strangles strategy is greater than in the normal straddle: At
the same time, the loss of strangle is smaller when the forward price ends in the
central parity with a minor movement. Actually, the farther apart from X1 and X2,
the smaller the potential losses suffered. In order to obtain the same profit, the
changes of forward price need to be even greater.

From the above analysis, we can see that many trading strategies of forward
options will not only provide a richer revenue mix for both parties of the contract
in the power market and improve the controllability of the transaction, but also
disperse the market price risks in the power market because of price, load and other
uncertainties, which is conducive to the smooth price and stable operation of the
power market.

[11.OPERATION AND CALCULATION CASE ANALYSES OF POWER
FORWARD OPTION

A. Operation of power forward optio

In order to better illustrate principles of operation of the power forward option
trades, let’s assume that in a random power market there are four market
participants :a, b, ¢ and d which are supposed to be independent power producers,
power companies, investors outside the market and users respectively. Their
relationships with each other is shown in Figure 5. There is a power forward
contract between a and ¢, b and d respectively, and the contracts have the same
signing time, contract size, maturity date T and delivery price K. Assume that all
participants in the market have the awareness and ability to fulfill the contracts on
schedule, and that the transaction costs of the contract in the profit and loss
analysis are ignored [7]. Let’s consider a strategy that uses the strike price of
bullish forward option to gain lower limit protection: in order to avoid or reduce
interests losses caused by possible rises in power present price, B purchases a
forward option contract from C based on the forward contract between A and C in
which the option fee and strike price is Q and X1 respectively; A and D won’t sign



any contracts with other market participants apart from their own forward contracts
which they already have.

Figure 5. Power forward option model

In this model, B gains the lower limit protection of strike price by selling a
forward option and buy a bullish forward option, and at the same time B keeps his
opportunity to gain benefits when the electricity price in the market goes for
positive changes. According to the analysis above, we can conclude that:

X OO(KOOQ)

If the spot price of time T is smaller than the strike price X of forward option, B
will lose option fee by giving up option; if S T X at time T, B will carry out
bullish forward option and gain S T - X [Ibenefits. Thus, the benefits B will gain
by carrying out bullish forward option is:

S —X=(5; - X)+(K-K)

=(S, —K)+(X —K)

1)

The formula (1) is made up of two parts. The first part (ST - K) represents
long position of forward option B gets from A and the benefits B gets by
settlement and delivery; the second part (X (1K) represents the benefits D gets
during the settlement and delivery as forward option contract long position from
the long position of contract of B, especially when (X [ JK) [0 ,that is, when
the strike price X of bullish forward option is smaller than the delivery price K of
forward contract and under this condition, the benefits D gets from B is negative,
that is, D pays B (K 0[OX) .

Above all, when bullish forward option is carried out in power forward option,
the loss and benefit of the two contract parties is as follows ( option fee paid when
buying the option excluded).

If K OOX O0(K 11Q) , then the long position benefit of this potion contract is
(ST -X) [, among which the benefit from long position by delivering forward
contractis (ST - K) and the benefit from nominal of option contract; and the loss
of nominal of option contract is (K 00X ). If X 0K, then the long position
benefit of this option contract is (S T - X) [J, among which the benefit from long
position by delivering forward contract is (S T - K) and the payment to option
contract of nominal (X (1K) is needed; and the nominal benefit of option contract
Is (X 0 OK) . Similarly, we can analogize the loss and benefit condition of long



position and nominal when bearish forward option is carried out and we won’t give
any unnecessary details here.

B. Analysis of calculation cases

Assume that the date is 15th, March, a power company signs a forward contract
with the user stating that it will sell 1,000,000MWh electricity and at the same
time, buy a bullish option of a forward contract which has the same signing time,
contract size, maturity date T and delivery price K. In this forward contract,
delivery price K=300RMB/MWh, bullish forward option fee Q1=10RMB/MWHh
when strike price X1=310RMB/MWh and bullish forward option fee
Q1=25RMB/MWh when strike price X1=290RMB/MWh; the strike price is
decided by the spot price at contract’s due date by the two parties of option
contracts. Suppose that the spot price of electricity =350RMB/MWh at time T,
Table 1 and 2 lists the loss and benefit condition of the contract’s two parties when
power company carries out option under different strike prices.

TABLE I. WHEN X=310RMB/MWH, THE LOSS AND BENEFIT OF EVERY
PARTICIPANT PER MWH(E) (UNIT:RMB/MWH)

TABLE Il. WHEN X=290RMB/MWH, THE LOSS AND BENEFIT OF EVERY
PARTICIPANT PER MWH(E) (UNIT:RMB/MWH)

Thus, if the power company doesn’t take any protection measures, when spot
price in the market S T =350RMB/MWh at time T, it will lose:
50RMB/MWhx1,000,000MWh= 50,000,000RMB; if the power company takes the
strategy of using the strike price(X=310RMB/MWh)of bullish forward option to

gain lower limit protection, its loss will turn into
10RMB/MWhx1,000,000MWh=10,000,000RMB, and at the same time add its
Ccosts in buying forward option

C=10RMB/MWhx1,000,000MWh=10,000,000RMB.

In this way, it will lose less than when it doesn’t take any protection measures by
30,000,000RMB(time value of option fee excluded). Specially, when the strike
price is high enough, the benefits of carrying out option by the power company
may exceed the net benefit which is brought by the loss of forward contract.



IV. CONCLUSION

The results of the analysis show that: The introduction of power forward option
transaction in the power market not only provides a richer revenue mix for the
participants ,but also plays an important role in dispersing and avoiding those
uncertainties of the market that they have to face, improving the controllability of
transaction and enhancing the stability of the power market operation. It can be
anticipated that power forward option will be popular among the main market
participants as a significant risk management tool in the power market and by
various trading strategies.

ACKNOWLEDGMENT

Supported by Leading Academic Discipline Project of Shanghai Municipal
Education Commission, Project Number :J51302.



References

Aaker ]. Dimensions of brand personality. Journal of Marketing Research 1997;24:
347-56.

Andreassen TW. Antecedents to satisfaction with service recovery. European Journal of
Marketing 2000;34(1/2):156-75.

Bagozzi RP, Gopinath M, Nyer PU. The role of emotions in marketing. Journal of the
Academy of Marketing Science 1999;27(2):184-206.

Bhandari MS, Tsarenko Y, Polonsk M]. A proposed multi-dimensional approach to
evaluating service recovery. Journal of Services Marketing 2007;21(3):174-85.
Bitner M]. Evaluating service encounters: the effects of physical surroundings and

employee responses. Journal of Marketing 1990;54:69-82.

Blodgett ]G, Hill D, Tax S. The effects of distributive, procedural and interactional justice
on postcomplaint behavior. Journal of Retailing 1997;73(2):185-210.

Brockner ], Weisenfeld BM. An integrative framework for explaining reactions to
decisions: Interactive effects of outcomes and procedures. Psychological Bulletin
1996;120:189-208.

Brown SP, Leigh TW. A new look at psychological climate and its relationship to job
involvement, effort, and performance. Journal of Applied Psychology 1996;81(4):
358-68.

Chebat ]C, Slusarczyk W. How emotions mediate the effect of perceived justice on
loyalty in service recovery situations: an empirical study. Journal of Business
Research 2005;58:664-73.

Clemmer EC, Schneider B. Fair service, advances in services marketing and manage-
ment, vol. 5. Greenwich, Connecticut: JAI Press Inc.; 1996. p. 109-26.

Davidow M. The bottom line impact of organizational responses to customer
complaints. Journal of Hospitality and Tourism Research 2000;24(4):473-90.
Davidow M. Have you heard the word? the effect of word of mouth on perceived justice,
satisfaction and repurchase intentions following complaint handling. Journal of
Consumer Satisfaction, Dissatisfaction and Complaining Behavior 2003;16:67-80.

Folger R, Konovsky A. Effects of procedural and distributive justice on reactions to pay
raise decisions. Academy of Management Journal 1989;32(1):115-30.

Harris KE, Grewal D, Mohr LA, Bernhardt KL. Consumer responses to service recovery
strategies: the moderating role of online versus offline environment. Journal of
Business Research 2006;59:425-31.

Hartline MD, Ferrell OC. The management of customer-contact service employees an
empirical investigation. Journal of Marketing 1996;60:52-70.

Homburg C, Fiirst A. How organizational complaint handling drives customer loyalty:
an analysis of the mechanistic and the organic approach. Journal of Marketing
2005;69:95-114 (July).

IDATE DigiWorld. 2007; www.enter.es/informes_enter/documentos_enter_idate/digi-
world/enter_4_1.html.

Jones MA, Reynolds KE, Mothersbaugh DL, Beatty SE. The positive and negative effects
of switching costs on relational outcomes. Journal of Service Research 2007;9(4):
335-55.

Karatepe OM. Consumer complaints and organizational responses: the effects of
complainants” perceptions of justice on satisfaction and loyalty. International
Journal of Hospitality and Management 2006;25:69-90.

Kau AK, Loh EWY. The effects of service recovery on consumer satisfaction: a
comparison between complaints and non-complaints. Journal of Service Marketing
2006;20(2):101-11.

Kelley SW, Davis MA. Antecedents to customer expectations for service recovery.
Journal of the Academy of Marketing Science 1994;22:52-61.

Konovsky MA. Understanding procedural justice and its impact on business organizations.
Journal of Management 2000;26(3):489-511.

Lee ], Lee ], Feick L. The impact of switching costs on the customer satisfaction-loyalty
link: mobile phone service in France. Journal of Services Marketing 2001;15(1):
35-48.

Martinez-Tur V, Peir6é JM, Ramos ], Moliner C. Justice perceptions as predictors of
customer satisfaction: the impact of distributive, procedural and interactional
justice. Journal of Applied Social Psychology 2006;36(1):100-19.

Mattila A. The effectiveness of service recovery in a multi-industry setting. Journal of
Services Marketing 2001;15(7):583-96.

Mattila A, Wirtz ]. The role of preconsumption affect in post-purchase evaluation of
services. Psychology & Marketing 2000;17(7):587-605.

Maxham JG. Service recovery's influence on consumer satisfaction, positive word-of-
mouth, and purchase intentions. Journal of Business Research 2001;54:11-24.

781

Maxham III JG, Netemeyer RG. Modeling customer perceptions of complaint handling
over time: the effects of perceived justice on satisfaction and intent. Journal of
Retailing 2002;78(4):239-52.

Maxham III JG, Netemeyer RG. Firms reap what they sow: the effects of shared values
and perceived organizational justice on customers' evaluations of complaint
handling. Journal of Marketing 2003;67:46-62 (January).

McColl-Kennedy JR, Sparks BA. Application of fairness theory to service failures and
service recovery. Journal of Service Research 2003;5:251-66 (February).

McFarlin DB, Sweeney PD. Distributive and procedural justice as predictors of
satisfaction with personal and organisational outcomes. Academy of Management
Journal 1992;35(3):626-37.

Menon K, Dubé L. Service provider responses to anxious and angry customers: different
challenges, different payoffs. Journal of Retailing 2004;80(3):229-37.

Milas G, Mlacic B. Brand personality and human personality: findings from ratings of
familiar Croatian brand. Journal of Business Research 2007;60:620-6.

Oliver RL, Swan JE. Consumer perceptions of interpersonal equity and satisfaction in
transactions: a field survey approach. Journal of Marketing 1989a;53:21-35.

Oliver RL, Swan JE. Equity and disconfirmation perceptions as influences on merchant
and product satisfaction. Journal of Consumer Research 1989b;16:372-83.

Pathak DS, Kucukarslan S, Segal R. Explaining patient satisfaction/dissatisfaction in high
blood pressure prescription drug market: an application of equity theory and
disconfirmation paradigm. Journal of Consumer Satisfaction, Dissatisfaction, and
Complaining Behavior 1994;7:53-73.

Patterson P, Cowley E, Prasongsukarn K. Service failure recovery: the moderating impact
of individual-level cultural value orientation on perceptions of justice. International
Journal of Research in Marketing 2006;23(3):263-77.

Patterson PG, Johnson LW, Spreng RA. Modeling the determinants of customer
satisfaction for business-to-business professional services. Journal of the Academy
of Marketing Science 1997;25:4-17.

Plutchik R. Emotion: a psychoevolutionary synthesis. Harper & Row; 1980.

Ponsonby-Mccabe S, Boyle E. Understanding brands as experiential spaces: axiological
implications for marketing strategists. Journal of Strategic Marketing 2006;14:
175-89.

Schoefer K, Ennew C. The impact of perceived justice on consumer emotional responses
to service complaints experiences. Journal of Services Marketing 2005;19(5):
261-70.

Smith AK, Bolton RN. An experimental investigation of customer reactions to service
failure and recovery encounters: paradox or peril? Journal of Service Research
1998;1(1):65-81.

Smith AK, Bolton RN. The effect of customers' emotional responses to service failures on
their recovery effort evaluations and satisfaction judgments. Journal of the
Academy of Marketing Science 2002;30(1):5-23.

Smith AK, Bolton RN, Wagner ]. A model of customer satisfaction with services
encounters involving failure and recovery. Journal of Marketing Research 1999;36:
356-72 (August).

Spreng RA, Harrell GD, Mackoy RD. Service recovery: impact on satisfaction and
intentions. Journal of Services Marketing 1995;9(1):15-23.

Szymanski DM, Henard DH. Customer satisfaction: a meta-analysis of the empirical
evidence. Journal of the Academy of Marketing Science 2001;29(1):16-35.

Tax SS, Brown SW, Chandrashekaran M. Customer evaluations of service complaint
experiences: implications for relationship marketing. Journal of Marketing 1998;62:
60-76 (April).

TeoTSH, Lim VKG. The effects of perceived justice on satisfaction and behavioral intentions:
the case of computer purchase. International Journal of Retail & Distribution
Management 2001;29(2):109-25.

Tsai S. Utility, cultural symbolism and emotion: a comprehensive model of brand
purchase value. International Journal of Research in Marketing 2005;22:277-91.

Varela-Neira C, Vazquez-Casielles R, Iglesias-Argtielles V. The influence of emotions on
customer's cognitive evaluations and satisfaction in a service failure and recovery
context. The Service Industries Journal 2008;28:497-512 (May).

Weiss HM, Suckow K, Cropanzano R. Effects of justice conditions on discrete emotions.
Journal of Applied Psychology 1999;84(5):786-94.

William S. The effects of distributive and procedural justice on performance. Journal of
Psychology Interdisciplinary and Applied 1999;133(2):183-94.

Yoon K, Doucet LM. Attribution and negative emotion displays by service providers in
problematic service interactions. Research on Emotion in Organizations 2006;2:
269-89.


http://www.enter.es/informes_enter/documentos_enter_idate/digiworld/enter_4_1.html
http://www.enter.es/informes_enter/documentos_enter_idate/digiworld/enter_4_1.html

