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EUA Price Development

Fig.: EUA Price Development from July 1, 2005 to April 30, 2007
Source : Powernext carbon and ECX
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What we know

Previous literature identifies as carbon price drivers the following variables :

I the influence of institutional events such as official communication
by the European Commission (EC) ;

I the influence of other energy market prices ;
I the influence of weather events.
I See :
I Mansanet et al. (2007) EJ ;
I Alberola et al. (2008) EP.
I (among other contributions)
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What we don’t know

Other factors are deemed to have an impact on the carbon price :

I the influence of other climatic variables (precipitation, wind speed) ;
I the influence of banking and borrowing provisions ;
I the influence of project mechanisms ;
I the influence of economic activity ;
I etc.
I (according to the professional literature and market agents)
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Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :
I Trends in industrial production of sectors covered by the EU ETS

(2005-2007) ;
I EU emissions cap and compliance periods (2005-2006) ;
I Linking the expected impacts of industrial production trends and

emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :
I Trends in industrial production of sectors covered by the EU ETS

(2005-2007) ;
I EU emissions cap and compliance periods (2005-2006) ;
I Linking the expected impacts of industrial production trends and

emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :

I Trends in industrial production of sectors covered by the EU ETS
(2005-2007) ;

I EU emissions cap and compliance periods (2005-2006) ;
I Linking the expected impacts of industrial production trends and

emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :
I Trends in industrial production of sectors covered by the EU ETS

(2005-2007) ;

I EU emissions cap and compliance periods (2005-2006) ;
I Linking the expected impacts of industrial production trends and

emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :
I Trends in industrial production of sectors covered by the EU ETS

(2005-2007) ;
I EU emissions cap and compliance periods (2005-2006) ;

I Linking the expected impacts of industrial production trends and
emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Motivating question

I To disentangle the potential impact of EU ETS sectorial
production on carbon price changes.

I The suggested causal relationship :
I Trends in industrial production of sectors covered by the EU ETS

(2005-2007) ;
I EU emissions cap and compliance periods (2005-2006) ;
I Linking the expected impacts of industrial production trends and

emissions compliance on carbon price changes.

Emilie Alberola*, Julien Chevallier†, Benoît Chèze‡ Disentangling the Effects of Industrial Production and CO2 Emissions on European Carbon Prices



Outline The EU Emissions Trading Scheme Empirical analysis Next steps

Empirical analysis

I The EU ETS : main principles & price drivers
I Industrial Production Trends of EU ETS Sectors (2005-2007)
I EU Emissions Cap and Compliance Periods 2005-2006
I Expected impacts on EUA price changes
I Data
I Econometric specifications
I Results and discussion
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The EU ETS : main principles

I Up to 46% of CO2 emissions from European industries have been
capped ;

I 2.2 billion of allowances are allocated to 10,600 installations across
25 EU Member States in 2005-2007 ;

I Every year, each industrial plant is allocated EU allowances (EUA)
corresponding to its cap (one allowance = 1 ton of CO2) ;

I Allowances are tradable all around Europe on exchanges and by
OTC ;

I Every year, industrial installations have the obligation to restitute as
many allowances as actual CO2 emissions ;

I Three Phases : 2005-07, 2008-12 and 2013-20 ;
I Free banking and borrowing during each period ;
I No possibility of banking and borrowing between the first two

periods.
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Drivers of EUA prices (1/3)

I Theoretical Lit. Review (Springer (2003), Christiansen et al.
(2005)) :

I Policy and regulatory issues of the EU ETS
I National Allocation Plans (NAPS), auctionning share of allowances,

banking and borrowing allowances posibilities, new entrants reserve,
new covered sectors, credits from project mechanisms ;

I Emissions levels
I Economic activity : industrial production by covered installation,

electricity power demand by others sectors ;
I Energy prices : brent, natural gas, coal ;
I Weather conditions : temperature and rainfalls.
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Drivers of EUA prices (2/3)

I Empirical Lit. Review :
I Energy prices
I Energy prices are the most important drivers of carbon prices due to

the ability of power generators to switch between their fuel inputs
(Christiansen et al., 2005 ; Kanen, 2006 ; Bunn & Fezzi, 2007 ;
Mansanet et al., 2007 ; Convery & Redmond, 2007) ;

I Kanen, 2006 : Coal, natural gas and brent prices impact carbon
futures of maturity December 2006 ;

I Mansanet et al.,2007 : Brent and natural gas impact carbon spot
prices from January 2005 to November 2005 ;

I Alberola et al., 2008 : Energy prices forecast errors and
unanticipated temperatures changes impact EUA price changes ;
price drivers evolve over 2005-2007.
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Drivers of EUA prices (3/3)

I Temperatures
I Mansanet et al.,2007 : extreme cold temperatures in Germany

impact EUA price changes ;
I Alberola et al., 2008 : deviations from seasonal average matter more

than temperatures themselves on CO2 price changes during extreme
weather events.

I Impacts of EC Communication
I Net short/long position assessed by the yearly compliance ;
I Stricter criteria for the validation of NAPs II ;
I Only empirical professional literature.
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Capturing the effects of economic activity

I EU carbon price drivers during 2005-2007 :
I Do sectorial production variables have an impact on CO2 price

changes ?
I Among the sectors covered by the EU ETS, which sectors more

specifically may have an impact ?
I Why ? : disentangling the influence of compliance and industrial

production peaks effects.
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Industrial Production Trends of EU ETS Sectors 2005-2007
(1/2)

Figure 1 : Paper, Coke, Refineries, Glass and Ceramics Production Trends
in 2005-2006
Source : Eurostat
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Industrial Production Trends of EU ETS Sectors 2005-2007
(2/2)

Figure 2 : Cement, Iron, Metal and Electricity Production Trends
in 2005-2006
Source : Eurostat
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EU Emissions Cap and Compliance Periods 2005-2006

Figure 5 : EU ETS Sectoral Compliancea in 2005-2006
Source : Trotignon et al. (2008)

aComputed as the difference between allocation and emissions as a percentage of
allocation.
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Linking the expected impacts of industrial production trends
and emissions compliance on carbon price changes

Compliance and Pro-
duction Growth Rate
Linkages

2005 2006

Positive growth rate
with a long compliance

Metal ore, Iron and
steel, Cement, Pulp
and paper

Coke ovens, Metal
ore, Iron and steel,
Cement, Glass, Ce-
ramic, Pulp and pa-
per

Positive growth rate
with a short compliance

Electricity -

Negative growth rate
with a long compliance

Oil refineries, Coke
ovens, Glass, Cera-
mic

Oil refineries

Negative growth rate
with a short compliance

- Electricity

Table : Emissions Compliance and Production Growth Rate
Linkages in the EU ETS Sectors 2005-2006
Source : authors
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The dependent variable : carbon price changes

I EU carbon prices :
I Daily EUA spot prices (Pt in =C/ton of CO2) from 01/07/05 to

30/04/07 ; Source : Powernext carbon ;
I pt = ln (Pt/Pt−1)

I Usual unit root tests (ADF, PP, KPSS) are performed for all price
series. All of them are characterized by a unit root and then
converted to stationary taking first natural logarithm differences.
When tests are applied on series in first differences, they are found
to be stationary. In other words, all prices series are integrated of
order 1 (I(1)).
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Explanatory variables (1/3) : Energy prices and Abatement
options

I Energy prices forecast errors :
I The natural gas (ngas in =C/MWh) is the daily futures Month Ahead

natural gas price negotiated on Zeebrugge Hub.
I The coal (coal in =C/ton) is the daily price futures Month Ahead

price CIF ARA.
I The electricity (elec in =C/MWh) is the price of Powernext futures

Month Ahead Base.
I The oil price (brent in $/baril) is the daily brent crude futures

Month Ahead price on the ICE converted to =C using the ECB rate.
I Abatement options forecast errors :
I The Clean dark spread and the Clean spark Spread (expressed in

=C/MWh).
I The switch price of CO2, expressed in =C/MWh.
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Explanatory variables (2/3) : temperatures variables

I Daily European temperature index published by Tendances Carbone
(expressed in ◦C )

I 5 extreme weather events are selected : July, 2005, January and
February, 2006, July, 2006, September and October, 2006 and
January and February, 2007.

I Two variables are computed between our five extreme weather
events dummy variables and either temperature or the absolute
value of their deviation from their seasonal average. For instance
Win07 = winter2007 ∗ Temp_AbsDeviation.
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Explanatory variables (3/3) : Industrial Production and
Compliance Variables

I Industrial Production Variables
I Monthly industrial production indices are collected from Eurostat

using the Classification NACE Rev.1 C-F. Data are obtained for the
EU 27 countries.

I According to the decomposition of EU ETS sectors by [?], the
following industries are included : paper and board ; iron and steel ;
coke ovens ; refineries ; ceramics ; glass ; cement ; metal ; production
and distribution of electricity, gas and heating.

I Dummy variable capturing industrial production peaks for each
sector.

I Compliance Variables
I Dummy variable for the yearly net short/long position.
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Econometric specifications

I Do EU ETS sectorial production indices influence CO2 price
changes ?

pt = α+ β(L)pt + δbreak + ϕ(L)ngast + γ(L)coalt
+ ι(L)elect + κ(L)darkt + λ(L)sparkt + σ Win07
+ ς cementt + τ refint + υ coket + ω elecsectt + ξ glasst
+ ψ metalt + ζ papert + ρ ceramt + χ iront + εt

(1)
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Econometric specifications

I Disentangling Production Peaks and Compliance Periods from
Sectorial Activities

pt = α+ βi (L)pt + δbreak1 + ϕ(L)ngast + γ(L)coalt
+ ι(L)elect + κ(L)darkt + λ(L)sparkt + σ Win07
+ ω secti,t + sectpeaki,t + ϑ sectcompli,t
+ η sectcomplpeaki,t + εt

(2)

where :
I secti = {elecsect, iron, paper}
I sectpeakt is a dummy variable capturing positive monthly

production peaks.
I sectcomplt is a dummy variable for the net short annual compliance
I sectcomplpeakt = sectcomplt ∗ sectpeakt
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Estimation Methodology

I Taking into account this quite dynamic behavior for allowance prices
and volatilities, and the dependence of the variability of the time
series on its own past, Borak et al. (2007) and Benz & Truck (2006)
recommend to address the problem of heteroskedasticity with
GARCH models.

I Based on this discussion, we calibrate the data with the GARCH(p,
q) model. After testing for various specifications, we identify as the
best fit for the CO2 return series the simple setup of a GARCH(1,1)
model using Bollerslev-Wooldrige robust standard errors and
covariance.

I The model is estimated in Pseudo Maximum Likelihood. The
estimates covariance maxtrix is estimated with the BHHH algorithm.
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(1a)a (1b)
Pt(-1) 0.1976

(0.0272)
0.0385
(0.0288)

Pt(-2) -0.0201
(0.0283)

-0.0521**
(0.0243)

Constant -0.0095***
(0.0005)

-0.0089***
(0.0008)

Break 0.0084***
(0.0010)

Natural Gas 0.1349***
(0.0033)

0.1292***
(0.0076)

Coal -0.1929***
(0.0108)

-0.1794***
(0.0100)

Electricity 0.0011***
(0.0004)

0.0013***
(0.0003)

Clean Dark -0.0763***
(0.0014)

-0.0734***
(0.0042)

Clean Spark 0.0750***
(0.0018)

0.0720***
(0.0042)

Win07 -0.0069**
(0.0030)

-0.0193***
(0.0060)

Elecsect -0.0598***
(0.0046)

Iron -0.0223***
(0.0049)

Paper -0.0771***
(0.0167)

ARCH(1) 0.4302***
(0.0569)

0.4871***
(0.0955)

GARCH(1) 0.7323***
(0.0185)

0.6968***
(0.0400)

R-squ. 0.1782 0.1835
Adj. R-squ. 0.1549 0.1568
F-Stat 0.0000 0.0000
D.W. 1.4979 1.4804
AIC -4.2815 -4.3727
SC -4.1586 -4.2322

Table 9 : Results of eq.(1),(2)

aSee Alberola et al. (2008).
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(2a) (2b)
Pt(-1) 0.0329

(0.0226)
0.0445**
(0.0230)

Pt(-2) -0.0391*
(0.0211)

-0.0401*
(0.0217)

Constant -0.0119***
(0.0006)

-0.0121***
(0.0006)

Break - -
Natural Gas 0.1313***

(0.0046)
0.1320***
(0.0041)

Coal -0.1842***
(0.0064)

-0.1852***
(0.0060)

Electricity 0.0009***
(0.0003)

0.0010***
(0.0003)

Clean Dark -0.0740***
(0.0024)

-0.0746***
(0.0021)

Clean Spark 0.0732***
(0.0026)

0.0735***
(0.0023)

Win07 -0.0230***
(0.0060)

-0.0236***
(0.0060)

Elecsect -0.0788***
(0.0041)

-0.0786***
(0.0039)

Elecsectpeak 0.0198***
(0.0021)

0.0512***
(0.0030)

Elecsectcompl 0.0052***
(0.0019)

0.0063***
(0.0020)

Elecsectpeakcompl -0.0345***
(0.0046)

ARCH(1) 0.6001***
(0.1046)

0.6386***
(0.1186)

GARCH(1) 0.6329***
(0.0453)

0.6173***
(0.0449)

R-squ. 0.1833 0.2151
Adj. R-squ. 0.1566 0.1876
F-Stat 0.0000 0.0000
D.W. 1.5170 1.5950
AIC -4.4844 -4.5444
SC -4.3439 -4.3951

Table 9 : Results of eq.(1),(2)
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(3) (4)
Pt(-1) 0.0154

(0.0261)
-0.0265
(0.0273)

Pt(-2) -0.0450*
(0.0242)

-0.0420*
(0.0243)

Constant -0.0095***
(0.0006)

-0.0073***
(0.0003)

Break - -
Natural Gas 0.1358***

(0.0037)
0.1365***
(0.0057)

Coal -0.1878***
(0.0070)

-0.1918***
(0.0098)

Electricity 0.0009***
(0.0003)

0.0006**
(0.0003)

Clean Dark -0.0766***
(0.0019)

-0.0758***
(0.0030)

Clean Spark 0.0759**
(0.0020)

0.0763***
(0.0032)

Win07 -0.0046*
(0.0028)

-0.0300***
(0.0049)

Iron -0.0320***
(0.0035)

Paper -0.0465***
(0.0055)

Ironpeak 0.0088***
(0.0011)

Paperpeak 0.0112***
(0.0024)

ARCH(1) 0.6944***
(0.1443)

1.2110***
(0.2584)

GARCH(1) 0.6066***
(0.0463)

0.3892***
(0.0684)

R-squ. 0.1999 0.0733
Adj. R-squ. 0.1755 0.0450
F-Stat 0.0000 0.0000
D.W. 1.5334 1.3548
AIC -4.3839 -4.3415
SC -4.2522 -4.2098

Table 9 : Results of eq.(1),(2)
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Discussion (1/2)

I Losing significance on break between rows (1a) and (1b) suggests
that the inclusion of sectorial production indices contributes to a
sharper explanation of carbon price changes ;

I Three sectors among nine do have an impact on EUA price
changes : comb, iron, paper which represent roughly 80% of
allowance allocated ;

I The negative signs of these sectorial variables seems a priori
counter-intuitive. This needs a more careful analysis with production
peaks and compliance variables ;
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Discussion (2/2)

I Positive coefficients for production peaks tend to confirm that when
a sector has an increasing activity peak, then firms in this sector are
net buyers which yields to a positive impact on the allowance price ;

I Positive coefficient for elecsectcomplc tends to prove that if a sector
exhibit a net short (long) position, then firms in this sector are net
buyers (sellers) of allowances and the impact on the allowance price
shall be positive (negative).
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Next step

I An evaluation of the impact of the emissions compliances at
firm-level/by country on EUA prices.
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