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o Consistency between electricity prices and demand

@ 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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t
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Pe=g | Ci=De| x (D hiSiligicren <y, )
k=1 i=1

with scarcity function

g (x) := min <%, M> 10 + Ml
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~

@ valuation : expected discounted payoff under Q

@ allows to decompose contingent claim between hedgeable part
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Futures
Options

Pricing & hedging

Futures prices F£(T) = Et@ [e"(T—t)PT]

FE(T) = § h:G(t, G, Dy) F{(T)
=1
with :

GiT(t7Ct7Dt) = IEt g Z C-II(— o DT I{EL;IIC!’(—S DTSZL:IC#}

k=1
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Futures
Options

Futures prices - hedging

Demand & capacities

dD; = a(t, D;) dt + b(t, D;) dWP
dCl = a; (t, Cl) dt + B (t, CI) dW,

v

Futures price dynamics

dFE(T) = Yo7y hi [G (8, G, De)dF{(T) + F{(T)dG] (t, Ce, De)]

A Tel
dG(t,Ce. D) =Y Se (8 G DBl Chydw "
k=1

T

+ 3an,- (t, Ct, D:)b(t, Dy)dWP

A\
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Futures

Pricing & hedging Options

Futures prices - hedging

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

René Aid, Luciano Campi, Nicolas Langrené A structural risk-neutral model for pricing and hedging power derivatives 27 / 43



Futures

Pricing & hedging Options

Futures prices - hedging

@ To go further, need to choose dynamics for demand and
capacities
@ deterministic part for seasonality + Ornstein-Uhlenbeck

René Aid, Luciano Campi, Nicolas Langrené A structural risk-neutral model for pricing and hedging power derivatives 27 / 43



Futures

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

@ deterministic part for seasonality + Ornstein-Uhlenbeck

° GiT explicite as function of extended incomplete
Goodwin-Staton integral :

~ > 1 2
G(x,y;v) _/ We_z dz
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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

° GiT 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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Futures

Pricing & hedging Options

Futures prices - hedging : spot simulations

Spot price (in €/MWh)

600 — Historical Data
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Futures prices - hedging

Numerical test

@ Hedging an electricity
futures with a delivery
period of 1 hour
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Futures

Pricing & hedging Options

Futures prices - hedging

Sample paths (in €)

Numerical test — e

—— Hedging portfolio

@ Hedging an electricity -

futures with a delivery

period of 1 hour o
@ with a daily rebalanced 07

basket of futures

contracts on fuels 200

)
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Futures
Options

Pricing & hedging

Futures prices - hedging

Distribution of hedging error: Time evolution

025 Remaining maturity:
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Pricing & hedging

Futures prices - hedging

Distribution of hedging error: Time evolution
arks

025 Remairing matrity
— rdan @ Positive values are
T o losses
020
e Far from maturity :
s perfect hedge;
electricity futures is
equivalent to a
] basket of fuels
005
F y
000 —

René Aid, Luciano Campi, Nicolas Langrené A structural risk-neutral model for pricing and hedging power derivatives




Futures
Options

Pricing & hedging

Futures prices - hedging

Distribution of hedging error: Time evolution
arks

0325 — Remaining maturity ..
— tédays @ Positive values are
T days
4d
o losses
020
e Far from maturity :
ors perfect hedge;
electricity futures is
equivalent to a
0.10 —
basket of fuels
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Futures

Pricing & hedging @piisns

Spread options
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Position of the
° Futures
Options

Spread options

Spread option with a 2 fuel model

The price 7o at time t = 0 of a call spread option with pay-off
H = (Pt — hi S} — K)" is given by :

mo = /2 far_p, (2)fcz (€) {d1(c, 2)1iz01 + ¢2(c, 2)1 220y } dedz,
R
¢1 = (g —1)BSo(o1, K)1ie>1y

= K+(1-gly
¢2 = g/o fy1(y)BSo (027 E— (1{g§1} + 1{g>1}1{y<ril}) dy

r—22) T —In K
2 -1)v} K
+ gYOQN ( ) ((g l)Yo) +(g—1) BSO (O’l,ﬁ) 1{g>1

with g := g(c + z).
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Futures

Pricing & hedging @piisns

Spread options

@ semi-explicit formula : numerical integration
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Futures

Pricing & hedging @piisns

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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Futures
Options

Pricing & hedging

Spread options

Marginal oil probability (%)
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Futu
Options

Pricing & hedging

Spread options

Marginal oil probability (%)

100

40

T T T T T T
00 02 04 06 08 10

Meaturity (in years)

@ seasonality pattern

@ information on planned outages
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Risk premium vs error model

Risk premium vs error model

Comparison between real quoted electricity futures and estimated
price using the spot model

Risk premium

Fe(T,0) — FE(T,0)

with estimated electricity futures price
N 6
FS(T,0) :/ FE(T +0)do
0

with :

FE(T) =Y hG/(t,C., D) F{(T)

i=1
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Risk premium vs error model

Risk premium vs error model

Estimation done on August, 28th, 2010 for baseload month

electricity futures on PowerNext.
SEPT10 OCT10 NOV10O DEC10 JAN11

Quoted 49.5 55.69 62. 60.45 61.36
Estimation 52.2 53.1 55.2 55.56 53.4
Premium -2.7 2.59 6.8 4.95 7.96
Relative error (%) -5.5 4.7 11 8.2 13
Implied excess demand -0.4 0.3 0.63 0.46 0.79
(GW)

Is there a way to make a distinction between risk premium and
error model ?
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Conclusions

@ SRN electricity spot price model with a scarcity function

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

... and present work only treated hourly futures

v
Perspectives

@ comparison with "real” quoted futures dynamics

@ comparison with calibration procedure

@ American options for investment problem

A\
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