Vol 23No 3
Sep. 2008

23 3
2008 9 JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY

N

FRE, JUUR, AKX #5F° BAK BEERE]

(1 , 102206 2 , )

’ ’ ’

:IM 73 F 1239 T A : 1673-9140( 2008) 03-0012-06

R isk managem ent strategy based on price swap for generation
com panies in electricity m arket environm ent
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Abstract E lectricity spotmarket is one of the canm odity m arkets having high price volatility, which m ay
expose participants to various types of risk Subject to different risk preference and camparatve advan-
tage partic pants can make use of pow er price svap as an effective tool to hedge he power price volatility
risk. This paper presents a power price svap ridehedging model based on svap tool in fnance market
and utility heory. It explans how the price swap can be used to hedge risk in open electricity maiket

Exanple of analys is inclided to show the effect of the svap-based tool n cases of high price volatility
market and different risk-taking profile of the utilities
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1 Introduction

Electricity market reform nvoles unbundIng the
vertically ntegrated electricity industry and n troduces
canpetitbn nto themarket operation Generation can—
panies get theirmarket share by open bidd ng and cus-
tam ers can opt to choose their service poviders As e
lectricity is a unique canmodity for it cannot be stored,
spot balance beween generaton and consumption has
tobem aintaned lis operatbn can be regarded as risk
due to exposure of h gh price volatility of the electricity
canmod ity and financ hlrisk associated w ih the capital
nvesiment R isk management such as by making use
of foward fiturge and optobn contracts is canmonly
used to safeguand interests of the market partic pants
In references| 1~ 4], generation canpaniesm anage to
build stochastic opti ization mode] devebp optmal
nvesiment portfolb and perbm all kinds of statistical
analysg for achieving their biddng objectves While
n [5~ 7]

heir power generation capacity beween spot m aket

they derive a mechanisn for allocating

and contractm arket

Swap tool is often referred as a kind of risk man-
aghg tool n the fnancemarkets Participants agree to
exchange their currency kind rate basis and other f+
nancial asset during a period The basis of swap relies
on canparative benefit of partcpants in carrying out
the swap actwity[ 8]. For exanple Canpany A has
can parative advantage of having fixed rate to get cap-
ital while Canpany B's canparative advantage is on
varable rate If they have opposite danand C ampany
A and B can decrease their capital cost by using the
rate svap. In the electricity market partic pants may
have different risk preference which means different
participants bear different power price volatility risk.
Rideaversion participants would lke a fxed power
prce and riskepreference participants wish variable
prce Hence they can cane up with same sort of
price swap contract to hedge the power price volatility
risk It differs fran the taditbnal bng tem con tract
because the entire power quantity and m arket-clearng

pree do net change afier the pover prre-svap onk

the settlan ent prices of participants tak ng part in swap
change. Particpant initially having fxed price may
have varnble settlanent price after svap Power price
svap can benefit swap particpants so after svap
partic pants utilityw ill ncrease and risk will decrease

The remainder of this paper is arranged as fo}
lows Section 2 briefly describes utility theory and risk
attitude The utility function of a generation company
in electricity m atket is discussed n Section 3 The
power price swap hedging-risk model is presented n
Section 4 Smulation result is shown n section 5

Section 6 concludes ths paper

2 Expected Utility Theory and R isk
A ttimd e

Expected Utility Theoty states that the decision
maker chooses beween risky pwspects by canparng

the weighted sumns

obtained by add ng the utility valies of outcan esmul

their expected utility valies 1 e
plied by their respective probabilites Utility values
are udged asmerit of carrying out he deciled activity
and they depend much on the decisbn m akers yaw-
stick Hence utiliy value can be used to m easure
partic pant s subjective value attitude or preference for
same decison [ 9].

According to the invesm ent portfolb theory, the
U tility Functon (U) of a particpant is defined as fo}
low s

U=E(R)- 0 (R). (1)

W here E (R ) is the participant's expectatbn of returr
O(R) & standard deviaton of retnrm O is risk attiude
* 0’ means riskpreference ‘Q 5’ means rik-neutral
and ¢ 1’ means risk-aversion So 00(R) can be seen

as the risk bomn by partic pant

3 Utility Function of G eneration Co-
mpanies in E lectricity M arkets

Generation canpanies can participate by enterng
the contractmaiket and spotmarket In this paper we
assume that the generation canpany attends only one

m aket for smp licity. of consideratbn
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By using the follow ng notations

p: Market clearing price

q: Power quantity

C: Cost functbn of power generatbn

A: A generation canpany on spotmarket

B: A generation canpany on contractm arket

¢ d: Unit production cost coefficients

The generaton cost has a relationsh p with power

quantity, C (g) can be defned as follws

1
Clq) = —eq +dg. (2)
Then the respective return functons of A and B are
R, = quA_CA ({14), (3)
Ry = QHPB_CB (QH). (4)

Fran equatbns (1), (3) and (4), we can obtain the
utility functions of A and B as bllows
U= qE(pr )= Ci(q) = dqO(pi): (5)
Us = gE(s)—Cs(qp) — GqO(pa). (6)

4 Power Price Swap Hedgingrisk
M odel

Electricily transaction risk existsm ainly due to the
pow er price vohtility n the spotmarket A lthough par
ticipants can hedge the risk hrough the contractm aket
by fixing the settlen ent price beforehand they lose the
market opportunily to buy or sell electricity w ith more
appropriate price nn the spot maiket H ence one con-
cemn is how to draw a balance n the hedgng pwcess
by apportbning the power transaction n betveen the
womaikets| 10 11]. Power price svap is considered
away out to solve this pooblan by m aking use of the
cam parative advantage of he particpants Both A and
B are benefited by aib itrating their risk preference as A
is more risk-aversion and prefers fixed settlement price
while B ismore risk-tak ng and prefer to take more risk
formore pwfit

In respect of the high risk associated with the
price volatiliy n the spotm aikel partic pants want to
hedge the risk and maxm ize their pofit A is risk-a
version and hates volatile prce ie 0 5< 0, < 1. B
is risk—preference and w ishes volatile price 0< @ <
0 5.1 Dueto that the risk attimde of A and B. are appe-

sitg¢ they can use price swap to obtan heir goal
Snce the utility fancton of the generation canpanies
relates to both power price and risk attiude the price
svapmust be able to satisfy the risk enduring capabil+
ty of the generatbn campanies as well

In the paper we assume that each generaton com-
pany enters only one maketmode at a tine and hence
ithas different type of rik exposure As A enters he
spotmaiket that has variab le settlan ent pow er price it
expects to swap with B to get a fxed price deal B
trades n the contract m atket and has no nvoklement
in the spotmatket Hence B wants to make use of var+
able price to sell power but not to endure too much
risk A and B svap heir power prre as ilustrated n
Figure 1 A fier he power price svap A’s settlement

price becanes fixed price and that for B is variab le
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Figure 1 Powerprice svap beween A and B

The settlament power price of A afier the svap is
pr= (= b)+pi— (pa+a)=ps— (a+b)
(7)
and the settlanent pow er price of B after the swap is
Pt; = (p+a)+ps— (pp—0b)=pi+ (a+b).
(8)
Where a andb denote the swap price constants deter
m ned by particpants negotiation
As(ps = (a+ b)) + (pr+ (a+ b)) = pr+ ps
electricity custamers w ill not pay more for their elee-
rrcity.  But for generation canpanies they get their goal
and decrease he risk
A fier the power price swap the settlanent price
of A and B are converted nto fixed price and variable
price respectvel. Their market transactbn positions
are virtually exchanged and the assochted transaction

risks;are also,swapped But the power price svap is not
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st the simple exchange beween contract price and
spot price By camparing the fxed pricep; of A with
the prre is reduced by (a
+ b). Fran this viewpont of analysis although A gets

he orignal fixed priceps ,

he fixed price dea) it still bears part of the price vola-
tility rek  Sm ilarly by camparing w ithp, , the varia-
ble pricepb/; of B ncrease by (a+ b). Itmeans can—
pared with A the price volatility risk of B n the spot
market is reduced by (a + ).

The utilities ofA and B after the pow er price swap

Us = qE (ps = (a+b) )= Ci(q) -
Aquo(pe— (a+b)); (9)

Up = gE(pi + (a+ b)) - Cs(gs ) -
G@Oo(pa+ (a+b)). (10)

Ow ng to that the svap is a kind of transacton
benefitng partic pants the utilities of A and B will i
crease

So

Uy - U > 0; (11)
U's — Us > 0. (12)
Fran equation(5), (9) and(6), (10), we can
get
@E (s - (a+b))-Ci(q)~-
Qa0 (ps = (a+ b)) qki(pi)+
Ci(g)+ adquo(p) > 0; (13)
@E(pr+ (a+ b)) - Co(g) -
Grgs O(ps + (a+ b))~ gk (ps) +
Cs(qs )+ GqeO(ps) > 0. (14)

A spy denotes the contract price detem ined in ad-
vance pg can be taken as a constant ThenFE (pg) =
pe.D(pp) =

process participants negotiate for a contract price

0 Durng the contract transactbn

based on te forecast of spot pricg sowe can takepy =
E (py ). Smplifying equation(13) and( 14) as folbws
Aq0(pr)— qi(a+ b) > 0; (15)
gs (a+ b) — GO (pi)> 0. (16)
So fim equatbn (15) and (16), we can caleu-
late the range of swap price a + b detem ined by
participants negotiation.

%O(pr) < a+b< A0 (pi). (17)

Based on the princple of sharng risk and gamns
together A and B should get equal utility ncran ental
value after the swap.

H ence

Us- U = Uy = Us
then calculatng w ih equation ( 15) and ( 16), we can

get he optmal swap price

(a+b) = 0(p4);?f,1q: anB).

Fran equation (18), we can see that the optinal

(18)

svap price depends on the spot power price volatility
risk attiude and power quantity. As shown fiom equa-
tions (17) and (18), i0(ps) = Q (a+ b) woul
notbe greater and Ess han zero at the sane tine mpt
ying that the power price could not be woked out If
O(ps ) = 0 itmeans that he spot power pricewou ll be
held constant and themarket is not risky.

5 Analysis of Simuktion

Assume that A svaps wih B to hedge the pover
price volatility risk as explaned in the Section 4 The
unit production cost coefficients and output lm its are
lisled m Table 1 The contract price of B is 28 356
B MWh and spot prie ps is a stochastic varhble
28 356
O(p) is1434 8 652 3 214 and O respectively. The
simu htion results are obtaned and listed in Table 2~ 4

1) Fran the result 1 of Table 1~ 4 with the -
creasing ofmarket risk that isO (p ) ncreasg A and

meetng wih nomal distributon of E(p) =

B getmore utiliy value fran the power price swap

and when the spot pow er price keep constant O(p) =

0, the incremental utility valie of A and B is zero as
shown in Table 3 It shows when the power price flue-
tuate more severely in the electricitym arkef the pow er
price swap w ill play more sinificant role in hedgng
the risk.

1 #as ZmAR KAt 7 IR H

Table1l Unit production cost coefficients and output lm its

G, ¢ d, PiunMW P, MW
A 0.1218 13. 6440 30 160
B 0. 1086 13. 4928 ) 120
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2 0(p) = 14 3548 R AT 8 EH LA N

3 0(p) =8 652MF AL ANG M EIRE A hAs

Tabk 2 0 (p) =14 354 pover price swap Table 3 0 (p) =8 652 powerprice swap
of genemation compan ks of genertion compan ies
G, i o, o(p) (a+b) AL Gi 4 o o(p)  (a+b) AU
A 120 Q 981 14 3% 675 212 A 120 Q0 981 8 652 406 90
1 8 455 1 3 096
B 80 Q 001 - 673 212 B 80 0 001 - 406 90
A 120 0 823 14 34 344 496 A 100 Q0 823 8 652 216 300
2 8 943 2 4 958
B 80 0 323 - 344 496 B 100 0 323 - 216 300
120 Q 500 14 34 Q0 000 A 90 Q 500 8 652 Q 000
3 71 3 4 326
B 80 Q 500 - Q0 000 B 110 Q 500 - Q0 000
120 Q 612 14 354 - 137798 A 120 Q 612 8 652 - 76 502
4 9 933 4 3 933
B 80 Q0 812 - - 137 798 B 70 Q 812 - - 76 502

4 O(p) =3 2140 K N3E) 8§ Bk ) N4

5 0(p)= 0 AL MERE NN

Table4 O (p) =3 214 pover price swap Tabk 5 0(p) =0 powerprice swap
of generation compan ies of generatbon compan ies
G, q; 0, o(p) (a+ b) AU; G, q; 0, o(p) (a+b) AU,
A 120 Q 981 3214 151 187 120 Q0 981 0 0
1 1 893 1 0
B 80 Q 001 - 151 187 B 80 Q 001 - 0
A 100 0 823 3214 80 350 100 0 823 0 0
2 1 842 2 0
B 100 Q323 - 80 350 100 Q 323 - 0
A 0 Q 500 3214 Q0 000 A 90 Q 500 0 0
3 1 607 3 0
B 110 Q 500 - Q 000 110 Q 500 - 0
A 120 Q 612 3214 - 28 419 A 120 Q 612 0 0
4 2 204 4 0
B 70 Q 812 - - 28 419 70 Q 812 - 0

2) The result nTable 2 shows how the different
risk attinde of generatbn campanies produces different
ncrenental utility value in the power prie svap W ith
01 — Oz reducng the ncran entalutility value fran the
power price swap also reduces Itm eans the canpara-
tve advantage (risk attiude) between participants af
fect the utility value M ore opposite risk preference at
titude w ill getmore utility value out of the power price
svap As seen fran the result 4 n Table 1~ 4 the
generatbn can pany cannot getmore utility value out of
he risk hedgng process Hence absence of canpara-
tve advan tage w ill reduce the utility finction of genera-
tbn canpanies after the pow er price svap

3) Result 1 n Table 1~ 4 tells us that partic+

pants need more. svap, power price when, the power

price volatility risk becanes higher By analyzing he
result |, when spot price vohtilityo (p ) = 14 354, A
and B need to set the swvap power price (a+ b) =
8 455 to obtain equal utility value Here the svap
power pree (a + b) can be any value beween
(0 014354 14 081274). Afier calculatng the util+
ty values w ih different swap power price we can ob-
tan different ncremental utility valies shown n Figure
2 Wih the ncreasng of svap power price (a + b),
the fxed settlament pricep:l = pg — (a+ b) decreases
and A obtamns less utility value fran the svap and en-
duresmore risk. B gets more utility value by endurng
less risk with the increasng of the swap power price
(a+ b). Only at the point( 8 455 675 212), they
get equal utility valie



23 3 . 17
1800 - AU, partic pants of opposite risktak ng attinde
16002y 3) Smulation result shows that the power price
i ;ﬁi N svap Is a gam ing process lts success reles on partict
1000 r./l/"r pants obtanng equal utility value out of the risk-hedg-

igg: ------------------------------------------------ (8.455,675.212) ing process

j% r - - | \Af“" A cknow ledgean ents

b 0 ;/l’rl./.l/.\/ L 1 . (a+b) This woik was supported by The H ong Kong Poly-

0.27 230 433 6.35 838 1041 12.44 1346

2 % 0(p) = 14 354, ML B
K NAE (a+ b)Fe AU
Figure2 WhenO(p) =14 354 (a+ b) andAU of

generation can pan ks after price swap

6 Conlusion

Severe fluctuation of the power price n the spot
market contrbutes to the power price volatility risk as
explaned n the paper It causes losses to generatbn
canpanies relailers and cistaners and dan ages the
stable operaton of the ekctricity market U sing long-
tem contract can be an effective tool to stabilize the
power price and hedge the spot price risk for partic+
pants i the electricity m arket A's illustrated in the
smulation analysis when the risk—aversbn partic pant
chooses contractm arket to trade he may bss opportu-
nity benefits out of the spotmarkei vice versg ride
preference participant trading n the spotmarket may
not be able to hedge risk through the contractm arket if
he only enters the spotm atket M ak ng use of both the
spot and con tractm arkets appear a logicalway out but
it needs a thoughtful strategy to apportion the power
quantity into the o markets Seeing that the power
prie needs not be consdered in this problem, and
natural existence of different risk attindes of partic+
pants the power price svap is pstified to be feasble
forhedgng the risk exposure n both the spot and con-
tractmarkets for various m arket particpants nclud ng
generatbn canpanies refailers and consumers In the
execution of the price svap the follow ng obsewaton
are noled

1) The larger the scale of the power prre fhictr
ation the higher of the utility valie can be effected

2).The power price swapping finctions only w ith

techn © U niversity under the project “R iskM anagem ent
Strategies U sed in E lectricity M atket D esign”.
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