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out of coal, so that electricity spot price Py = ¢.Sf, then one orices

can at time t:

m Sell a forward on electricity at Fe(t, T) and buy g, coal
forward at F.(t, T)

and, at time T:
m Sell g¢ coal at 5.(T), buy electricity at Se(T) = qcSc(T).

Under NA assumption we have the following relation:
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m Randomness : (W% W) = (W% W ..., W") Wiener
process defined on a given (Q, F,P). F2 and FV are their
natural filtrations.

m Riskless asset SO = Sgexprt, r, t > 0.
m Commodities market: n > 1 commodities (coal, gas, ...)
whose prices S’ to produce 1 MWh of electricity follows

dsi = Si(uidt + Za dw/), t>o0.

For simplicity, assume that convenience yields y’ = 0 for all
i=1,...,n
m Electricity demand: D = (D;)s>0 FP-adapted, (positive)
process; notice that D is independent of each S'.
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prices

m Introduce two r.v.'s AL, | = 1,2 such that

m Al i=1,2 are independent and have their own natural
filtration FA
m A} = M; when technology i is fully available.

m A} = m; when technology is partially available. the Model

m Four cases may happen at each time ¢
Ap = My, A7 = M,
A%:Ml,A%:mg
A% = ml,Af = M2
Ap = mi, A7 = my
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3 prices

the laws of W0 and Al for all i do not change

filtrations (F?), (FV), (FA) are Q-independent

1. Property 3 above is satisfied if WO W and A’ are
constructed on the canonical product space and the change of
measure affects only the factor where W is defined. Such a Q is
usually called “minimal martingale measure”.

2. Since D is not tradable, this market is not complete. We
choose Q as the pricing measure.

3. Notation: Fy = FOV FV vV FA is the market filtration.
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m Demand of electricity : D follows a OU process
dD; = a(b(t) — D;)dt +5dW?, Dy >0

with a, b(t),d > 0. b(t) stands for seasonnality in Demand.

m Under these assumptions probabilities Q[Dr € I (T)|F?]
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We focus on French market, and two technologies :
m Gas plants (gas and CO2 prices)
m Fuel combustion turbines (fuel and CO2 prices)
Several approximations :

m We select midday hourly prices on peakload to ensure the
only use of these technologies (this implies knowledge on

demand)
m Heat rates ¢; are known for each technology i.

m Correlations and price level of technologies allows to focus
on the only order my = {1,2}
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Numerical
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where D; stands for total demand (sum of residuals).

Consequence : R' and R? allows for straight spot price fitting.
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Figure: Spot price fitting with technologies spot prices and residual
demand. Daily data from January 2007 to December 2008.
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Two estimation problems :

The observed process is not pure jump (Al # m; or My)
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Numerical
results

R. Aid, L. Campi, N. Touzi, A. Nguyen Huu Laboratoire FIME (Paris-Dauphine, CREST, EDF R&D)

A structural risk-neutral model of electricity prices



CHAIRE

A structural
risk-neutral
model of

Forwards have a delivery period (1 month, 1 quarter,..) = the electricity
expression must be modified prices

Pl T2) = Tz—le Z/

i=1 wel,

QW lwr = 7| FMQIDT € IF(T)|FEAdT

Approximations again :

m F/(T) are replaced by prices on delivery period F/( Ty, T»)

Numerical
results

m Integral is numerically computed

R. Aid, L. Campi, N. Touzi, A. Nguyen Huu Laboratoire FIME (Paris-Dauphine, CREST, EDF R&D)

A structural risk-neutral model of electricity prices



A structural
risk-neutral
model of
elec 137
prices

—— Historical prices (Spring 2009)

== Modsized prices —— Historical prices {Summer 2009)

-~ Modsized prices

0 50 1m0 150

Numerical
results

Figure: Historical forward prices (2QAH and 3QAH) and modelized
forward prices.
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results

Figure: Historical forward yields (2QAH and 3QAH) and modelized
forward yields. Correlation with historical yield : 0.4178213 (2QAH) and
0.4103652 (3QAH)
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