
Evidence of a nonlinear effect of the EU ETS on
the electricity-generation sector

Ibrahim Ahamada & Djamel Kirat

Paris School of Economics, Université Paris 1 Panthéon-Sorbonne, Centre
d’Economie de la Sorbonne

International Energy Workshop 2013



Introduction
The general framework and the research question
Literature review
Motivation of the paper

The econometric modelling
From stylized facts to the econometric model
The threshold regression model

Application
Data
Test of no threshold against the alternative of a threshold
Estimation results and interpretations

Conclusion



General framework

I European authorities have implemented an instrument of
environmental policy: The EU ETS

I Electricity generation sector is one of the most polluting and
thus it takes a major place in the scheme:

I The electricity sector received more than 50% of the
Community CO2 permit allocation in the first and the second
phase of the EU ETS

I The electricity sector was the only sector in short position
during the first phase of the EU ETS



The research question

I This article examines whether and to what extent the price of
carbon is included in the cost function of electricity-generation
during the second phase of the EU ETS

I Specifically, this article aims at testing for a nonlinear
threshold effect of the EU ETS on wholesale electricity prices
(Is there a carbon price from which the behavior of electricity
producers changes)

I Differences in energy mixes may produce different results.
Consequently, we deal with France and Germany since these
countries participate in the EU ETS and have a very different
energy mixes (these countries received more than 25% of the
Community CO2 permit allocation)



French and German energy mixes



Literature review on (linear) methods

Econometric methods applied to carbon and electricity prices
relationships:

I Sijm et al. (2005, 2006): An OLS estimate of a basic linear model
(German and Netherlands cases)

I Honkatukia et al. (2006, 2008): A VAR model (Finnish market
case)

I Bunn and Fezzi (2007, 2008): A VAR model (English market case
(updated by including Germany)) with short-run identifying
restrictions

All these studies deal with the first phase of EU ETS without
taking into account non linearities due to the carbon price



Literature review on (nonlinear) methods

Kirat and Ahamada (Energy Economics, 2011):

I Time series modelling based on the cost function of
electricity-generation, covering all the pilot phase of the EU ETS
and taking into account its different sub periods. They use Dynamic
Conditional Correlation multivariate GARCH model by Engle and
Sheppard (2001) and Engle (2002), in order to take into account the
time varying conditional correlation between France and Germany

I Results:

I before December 2006, the elasticity of electricity price relative
to the price of carbon reaches 0.07 and 0.09 in France and
Germany, respectively

I During 2007, the carbon price does not matter for electricity
price in either countries

I The conditional correlation were around 0.3 (2005-2006) and
0.2 (2007)



Literature review on (nonlinear) methods

Ahamada and Kirat (CES working paper, 2012; under
revision for Energy Economics):

I Extension of the article by Kirat and Ahamada (Energy Economics,
2011) to cover the second phase of the EU ETS

I Results:

I before October 2008 the carbon price does not matter for
electricity price in either countries (electricity producers
adopted a wait and see attitude)

I After October 2008, the elasticity of electricity price relative to
the price of carbon reaches 0.20 and 0.14 in France and
Germany, respectively

I The conditional correlation were around 0.55 - 0.6



Motivation of the paper

I In-depth analysis of the second phase of the EU ETS
(extension of the article by Kirat and Ahamada (2012))

I There is a fundamental debate over the presence of
nonlinearity due to structural change (changepoint model)
and that due to a threshold effect

I The free allocation of emission allowances: threshold effect?



From stylized facts to the econometric model

I The price of electricity is determined by the cost of fossil
fuels, the impact of environmental policies and measures and
climatic factors

I Electricity wholesale markets in France and Germany are of
oligopolistic market design

I Electricity demand being inelastic (in the short-term), then
electricity price variations depend on the marginal cost of
producing electricity

I That marginal cost is equal to the cost of primary energy used
to produce the latest unit of electricity, operating costs, plus
any inclusion of carbon costs in the production of that unit

I The price of the primary energy used to produce the latest
unit of electricity is a major determinant of electricity prices.
For these two countries, the primary energy can be either gas
or coal



The impact of temperatures on electricity prices

I The level of electricity demand depends on climatic variables:
the temperature exerts a dual effect on energy demand in
general and that of electricity in particular

I The relationship between electricity price and the temperature
can be described by a non-linear « V » shaped function, as
electricity demand increases for both low and high
temperatures

I Then, to linearize the « V » shaped function we consider
temperature T and its square T 2



The econometric model
I The linear model considered by Kirat and Ahamada (2011) is
very close to the following:

Pelect = α0 + α1Pelect−1 + βPgast + δPcoalt + γPcarbont

+λ1Tt + λ2T 2t +
5

∑
j=2

ψj seasonj + εt

I This linear regression can also be written

Pelect = βXt + εt

I We look for a possible nonlinear effect of carbon price on
electricity prices using the following threshold regression
model:

Pelect =

{
β(1)Xt + εt if Pcarbont ≤ p
β(2)Xt + εt if Pcarbont > p



The econometric model (2)

I This nonlinear threshold regression model can also be written

Pelect = β(2)Xt + δXt (p) + εt

where δ = β(1) − β(2), Xt (p) = Xt I ( Pcarbont ≤ p) and I (.) is
the indicator function. We want to estimate β(1), β(2) and p
if the null hypothesis of linearity is rejected, i.e. H0 : δ = 0

I Without an apriori fixed value of p it is not easy to examine
the null hypothesis of linearity H0 : δ = 0 ⇒ Hansen (1996)
developed a simulation technique producing a p-value statistic
for the inference of δ. Hansen (2000) develops a statistical
theory for threshold estimation in the regression context and
asymptotic distribution theory for the regression estimates



Data
The data are weekdays frequency and run from March 3rd, 2008 to
December 30th, 2010

I Electricity prices from the day-ahead base load contracts
covering the French and German markets and traded on
EPEX spot exchange.

I The carbon spot price from the Bluenext environmental
trading exchange

I The gas price of the month-ahead future contract traded on
the Zeebrugge hub

I The coal price of the month-ahead future contract Coal CIF
ARA

I The temperature variables T were built as the average
temperatures recorded at representative regional weather
stations, which are taken from the European Climate
Assessment and dataset (expressed in degrees Celsius) for
both countries



Test results of no threshold against the alternative of a
threshold

Germany France

Assumption
regarding
errors

Homoskedastic Heteroskedastic Homoskedastic Heteroskedastic

Test for
no threshold 31.161 25.309 32.269 27.776

(0.039) (0.046) (0.027) (0.017)

Note: The bootstrapped p-values computed with 10000 replications are in ();
The F-test and LM-test are used to test for no threshold under the assumption

of homoskedastic and heteroskedastic errors, respectively.



Estimation results
Country Germany France

Linearity Nonlinearity Linearity Nonlinearity

Threshold (̂p) 12.57€ [12.50 ; 12.58] 14.94€ [14.77 ; 15.73]

Regime Below Above Below Above

P
elec
t-1 0.575*** 0.218 0.607*** 0.730*** 0.641*** 0.794***

P
gas
t 0.215*** 0.707*** 0.174*** 0.113*** 0.205*** 0.045

P
coal
t -0.031 -0.780* -0.031 -0.033 -0.197*** 0.088

P
carbon
t 0.190*** -0.325 0.224*** 0.182*** 0.245*** 0.048

T
level

-0.006*** -0.025** -0.006*** -0.016*** -0.025*** -0.005

(T
level

)
2

0.0002*** 0.0024* 0.0002*** 0.0004*** 0.0007*** 0.000

cons 0.767*** 3.429*** 0.671*** 0.597*** 0.889*** 0.603***

season2 -0.135*** -0.036 -0.144*** 0.168*** -0.134*** -0.201***

season3 -0.138*** -0.040 -0.147*** 0.167*** -0.131*** -0.200***

season4 -0.184*** -0.154 -0.184*** 0.195*** -0.166*** -0.219***

season5 -0.314*** -0.182*** -0.323*** 0.314*** -0.277*** -0.353***

R
2

0.8128 0.4854 0.8475 0.8808 0.8316 0.8554

Joint R
2

0.8225 0.8859



Ahamada and Kirat (2012) highlighted that the carbon spot price
did help to determine electricity prices only after October 2008:
before October 2008 electricity producers adopted a wait and see
attitude: Coincidence between the results of the changepoint
model and the threshold model?

I Yes, in the French case
I No, in the German case



Structural break date of October 31, 2008

Upper bound of the threshold estimated confidence interval =15.73 €
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Structural break date of October 31, 2008

Estimated carbon price threshold =12.57 €
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Estimation results by sub-periods in Germany (high
regime)

Regime High carbon price regime: P
carbon
t >12.57€

Time period Before October 2008 After October 2008

P
elec
t-1 0.414*** (0.133) 0.597*** (0.055)

P
gas
t 0.691*** (0.170) 0.151*** (0.057)

P
coal
t -0.048 (0.086) -0.004 (0.069)

P
carbon
t 0.172 (0.124) 0.279** (0.116)

T
level

-0.020* (0.010) -0.007*** (0.002)

(T
level

)
2

0.0007* (0.000) 0.0002*** (0.000)

cons -0.226 (0.593) 0.648*** (0.248)

season2 -0.068* (0.040) -0.155*** (0.022)

season3 -0.098** (0.046) -0.147*** (0.022)

season4 -0.148*** (0.042) -0.179*** (0.022)

season5 -0.282*** (0.044) -0.327*** (0.022)

R
2

0.657 0.745



Conclusion

I Threshold effects appear in both countries but are different in
nature:

I In France, the carbon price threshold coincides with the carbon
spot price structural break of October 2008

I In Germany, the carbon price threshold differs from the carbon
spot price structural break of October 2008

I Before October 2008, the price of carbon does not matter for
electricity price in either countries. This can be explained by
the fact that electricity producers adopted a wait and see
attitude as they were facing uncertainties regarding the future
of the EU ETS.

I After October 2008, French electricity producers pass through
the emission permit price to electricity price in a linear way,
while their German counterparts do it nonlinearly



Merci
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