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@ Marginal fuel cost is not the spot price
@ Non-convex technical constraints (may lead to negative prices)
@ Strategic behaviour (Hortagsu & Puller, RAND J. of
Economics 2008)
© Fixed cost recovery problem for peak-load generation plants
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@ Price spikes occur when the electric system is under stress, i.e.
C: — Dy is small

@ Corresponds to peak-load fixed cost problem recovery...

Vi = % as a (nonlinear) function of x; := C; — D; J
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Estimated relation : y; = 2
t

Improved SRN model

n n
p .
Pe=g |2 G = D) x (2 hSilisciap <y, oy
k=1 i=1
with scarcity function

g(X) ‘= min (%, M) 1{X>0} + /Vll{xgo}
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need for a hedging criterion
Super-replication, utility indifference or mean-variance

our choice : Local Risk Minimization

Local Risk Minimization (Pham (00), Schweizer (01))

~

@ valuation : expected discounted payoff under Q

@ allows to decompose contingent claim between hedgeable part
(fuels) and non-hedgeable part (demand, capacities)

o allows explicit formulas
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Futures prices F£(T) = E? [e*’(T*f)PT]

FE(T) = Z hiG/(t, Ce, Dy) F{ (T)
i=1
with :
G(t,CeD) =Ee|g| D CF = Dr | istck e, <5y ot
k=1
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Futures
Pricing & hedging Options

Futures prices - hedging

Demand & capacities
dD; = a(t, D;) dt + b(t, D;) dWP
dCi = a; (t, C}) dt + B; (t, Cl) AW

Futures price dynamics

dFE(T) = 321y hi [G (8, G, De)dF{(T) + F{(T)dG] (t, Ce, De)]

T 9GT

dG/ (t, G, D;) = i
i ( t t) ; 8Ck
oG.T

+ =5 (t, G, Db(t, D:)dwpP

(t, Ce, De)Bi(t, CK)aW "
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Futures prices - hedging

@ To go further, need to choose dynamics for demand and
capacities
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Futures
Pricing & hedging Options

Futures prices - hedging

@ To go further, need to choose dynamics for demand and
capacities

@ deterministic part for seasonality + Ornstein-Uhlenbeck

° G,-T explicite as function of extended incomplete
Goodwin-Staton integral :

~ > 1 2
G(x,y;v) :/ We—z dz

@ ... for which efficient numerical algorithms are provided in A.,
Campi & Langrené (10).
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Pricing & hedging Options

Futures prices - hedging : spot simulations
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Futures prices - hedging
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Futures prices - hedging

Distribution of hedging error: Time evolution
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Futures
Options

Spread options

Spread option with a 2 fuel model
The price m at time t = 0 of a call spread option with pay-off

H = (Pt — h S} — K)T is given by :
o = /2 fcleoT(Z)fc%(C) {(151(57 Z)l{z>0} + ¢2(C7Z)1{z§0}} dcdz,
R

¢1 = (g — 1)350(0'1, K)l{g>1}

K+ (1-
/ fy1 )BSo ( ,M> (l{gﬁl} + 1{g>1}1{y<$}) 2by

s B) ()

with g := g(c + z).
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Futures
Pricing & hedging Options

Spread options

@ semi-explicit formula : numerical integration
@ partial hedging with futures on fuels and electricity

@ applied on European dark spread call option with a period of
delivery of 1 hour
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Spread options
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Futures
Pricing & hedging Options

Spread options

Marginal oil probability (%)
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@ seasonality pattern
@ information on planned outages
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@ SRN electricity spot price model with a scarcity function

@ allows futures and derivatives pricing and hedging
@ nevertheless, only fuels dependancies can he hedged...
o

. and present work only treated hourly futures

v
Perspectives

@ comparison with "real” quoted futures

@ comparison with calibration procedure

@ American options for investment problem

A
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