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Minimizing deviations

• If the variance for an intensity-based emission cap is lower than
for an absolute emission cap, we receive

var [AI ] < var [AA]
⇒e′2var [Y ] < 2e′cov [Y , E ∗] (1)

⇔ ν[Y ]
ν[E ∗]ρ[Y , E ∗]

E ′

E [E ∗] < 2 (2)

⇒ξ
E ′

E [E ∗] < 2 (3)

• approach follows Sue Wing et al. (2009)
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Minimizing deviations – exercise

Assume the expectation value approximately corresponds to the ten
year average with a time lap of three years.

• Use the data for the German electricity market to calculate ξ for
the years 2007 until 2024

• Illustrate your results in an appropriate diagram.
• What do you think about the approximation?
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EUA price development
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Figure: Development of ξ between 2007 and 2024 according to Sue Wing et al. (2009) but with a time lag of three
instead of five years. Own illustration.
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EUA price development
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Figure: Development of the allowance price of the EU ETS between April 25, 2005 and December 6, 2023. Own
illustration based on investing.com (2023).
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Did the EU ETS induce emission reduction?

• Find literature about the impact of the EU ETS on emission
reduction.

• Find a reliable source for CO2 emissions in the German
electricity sector (data not graphs).

• https://ag-energiebilanzen.
de/en/data-and-facts/energy-balance-2000-to-2030/

• https:
//unfccc.int/ghg-inventories-annex-i-parties/2023

• https://ag-energiebilanzen.
de/wp-content/uploads/2023/10/STRERZ_
Abgabe-09-2023.xlsx
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Emission development in Germany

150

170

190

210

230

250

270

290

310

330

350

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

em
is

sio
ns

 [M
t]

year

Figure: Development of total emissions in electricity generation from 1995 until 2015 in Germany. Own illustration
based on Schäfer (2018).
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Assessment of the EU ETS

• What does affect CO2 emissions in the electricity sector?
• What is the general problem if we want to evaluate emission

abatement induced by the EU ETS?
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Assessment of the EU ETS

• Ellerman et al. (2010) construct a counterfactual scenario
→ How emissions would have developed if the EU ETS had not

been in place?
→ elimination of demand side effects (e.g. economic cycles)
⇒ emission intensities (emissions per electricity output)
→ approach of Ellerman and Buchner (2008); Ellerman et al.

(2010); Anderson and Di Maria (2011); Egenhofer et al. (2011)
→ Ellerman et al. (2010) construct a counterfactual scenario for

the German electricity sector and calculate emissions abatement
in the first trading period
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Constructing a counterfactual scenario172 Pricing Carbon 

(a) Power sector emissions 

310.-------------------------------, 

305 

300 

o"' 
ü 295 Cl) 
Q) 
C: 
C: 

2 
C: 

290 ~ 
~ 

285 

280 

275 -1---=-----------...__~_,_-L-,--=-----'--,-L-.._~_._ ........ L-,-...L--L------''--..._--I 

2000 2001 

(b) lndustrial sector emissions 

215 

210 

205 

200 

o"' 195 
ü 
Cl) 
Q) 
C: 
C: 

2 
C: 

~ 
~ 

190 

2000 2001 

2002 2003 2004 2005 2006 2007 

,,,_ Abatement ■ Emissions 1 

2002 2003 2004 2005 2006 2007 

,,, Abatement ■ Emissions 1 

Figure 6.5 Seetor trend in emi ions, intensity and abatement, Germariy, 

2000-7 
Sources: Derived from ' c:rcenhou e gas dara viewer_ CITL and C.erm~n 

Emissions abatement l 73 

(c) Power sector intensity 

o.52~---------------------------~ 

0.51 

0.5 

:j 0.49 
0 
.c 
i: 
"' 0.48 ,: 
"' Cl 
Q) 

__§ 0.47 Cl) 
Q) 
C: 
C: 
0 
1- 0.46 

0.45 -- - ---- - -- -- ----

0.44 

0.43-1--------,----,-------,----,------,---,------,--~--i 

2000 2001 2002 2003 2004 2005 2006 2007 

-o- Counterfactual -.- Observed 1 

(d) lndustrial sector intensity 

0.44 ~--------------------------~ 

U) 
Q) 
0 

0.43 

0.42 

-~ 0.41 
0 
0 
0 
~ 

e 
::, 
Q) 

0.40 -----· - ------ ---------

-c 0.39 
C: 

"' Cl) 
::, 
0 
f; 0.38 
Q) 
Cl. 

m o.37 
C: 
C: 

(3. 
0.36 

0.35 

0.34+------.---,--------,---,----,c----.----c-----l 
2000 2001 2002 2003 2004 2005 2006 2007 

Figure: Development of emission intensity in the German electricity sector from 2000 until 2007 and counterfactual
scenario as average of the 2000 – 2004 emissions according to Ellerman et al. (2010).
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Emission abatement in the 1st trading period
172 Pricing Carbon 
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Figure: Emission abatement during the 1st trading period of the EU ETS using the counterfactual intensities developed
before; source: (Ellerman et al., 2010).
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Evaluation of emission abatement

• Ellerman et al. (2010) find a CO2 abatement amounting to ca.
34.5 Mt within the German electricity sector during the 1st
trading period of the EU ETS.

• their analysis faces several problems
• the analysis is based on only 4 values (2000 – 2004) of an

uncertain source
• the EU ETS is not the only factor affecting CO2 emissions in the

German electricity sector
→ fuel prices
→ subsidies for RES-based electricity generation
→ In the following we will first set up an alternative approach from

2005 until 2015
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Emission development in the German electricity sector
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Figure: Development of emission intensity in the German electricity sector from 1995 until 2015. Own illustration based
on Schäfer (2018).
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Emission intensity development in Germany
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Figure: Development of emission intensity in the German electricity sector within the sphere of the EU ETS from 1995
until 2015 according to Schäfer (2018).
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Development of fuel prices
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Figure: Development of fuel prices for generation of one kWh electricity based on hard coal respectively gas. The solid
lines reflect pure fuel prices p̃i,coal and p̃i,gas while the dashed lines also consider emission costs induced by the EU
ETS yielding pi,coal and pi,gas . Prices also consider changes in the degree of efficiency. Own calculations based on
Working Group on Energy Balances (2018,c) and Statistics of the Coal Sector (2018).
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Regression of emission intensities

How a reasonable equation considering the time trend, fuel and
allowance prices for emission intensities could look like?

ln(ei) = b + at · (i − 2000) + ap · pi ,ratio + ϵ (4)

• b as axis intercept
• ϵ as error term
• pi ,ratio corresponds to the price ratio between hard coal and gas

(pi ,coal/pi ,gas)
• pi ,coal and pi ,gas consist of pure fuel prices p̃i ,coal and p̃i ,gas plus

a respective surcharge ∆pets
i ,coal and ∆pets

i ,gas stemming from the
EU ETS
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Excursus – coefficient of determination R2
1.2 Vorgehensweise
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Abbildung 1.16: Zerlegung der Gesamtabweichungen vom Mittelwert

Ein Teil dieser Abweichung, nämlich ŷk − y, lässt sich durch die Regressionsgerade
erklären, da die Zahl der Vertreterbesuche xk über dem Durchschnitt x liegt.
Es gilt daher:

ŷk − y = b1(xk − x)

Der Rest, das Residuum ek, kann dagegen nicht erklärt werden.
Die Gesamtabweichung einer einzelnen Beobachtung yk lässt sich damit wie folgt

zerlegen:

Gesamtabweichung = erklärte Abweichung + Residuum
yk − y = (ŷk − y) + (yk − ŷk)

Dies ist recht trivial. Nicht trivial ist dagegen, dass die Gleichung noch gilt, wenn man
die Elemente quadriert und über die Beobachtungen summiert.13 Man erhält damit
die folgende Zerlegung der Gesamtstreuung.

Zerlegung der Gesamtstreuung

Gesamtstreuung = erklärte Streuung + nicht erklärte Streuung
K∑

k=1

(yk − y)2 =

K∑

k=1

(ŷk − y)2 +

K∑

k=1

(yk − ŷk)2 (1.13)

SST = SSE + SSR

13Dies ergibt sich aufgrund der KQ-Schätzung und gilt nur für lineare Modelle. Zum Beweis siehe
z.B. Kmenta (1997), S. 239.

83

Figure: Decomposition of total deviations from the mean value according to Backhaus et al. (2015).
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Excursus – coefficient of determination R2

• We can decompose the total deviation from the mean value

yk − ȳ︸ ︷︷ ︸
total deviation

= ŷk − ȳ︸ ︷︷ ︸
expl .deviation

+ yk − ŷk︸ ︷︷ ︸
residual

• It can be shown that the following equation holds

K∑
k=1

(yk − ȳ)2

︸ ︷︷ ︸
SST

=
K∑

k=1
(ŷk − ȳ)2

︸ ︷︷ ︸
SSE

+
K∑

k=1
(yk − ŷk)2

︸ ︷︷ ︸
SSR

• This allows to calculate the coefficient of determination

R2 := SSE
SST
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Regression of emission intensities

results

R2 0.842
R̄2 0.818

Table: General statistical analysis of the linear regression with R2 as coefficient of determination, R̄2 as adjusted
coefficient of determination.

at ap b

-0.0051 -0.0777 6.7440
s 0.0010 0.0310 0.0144
R2 0.766 0.505

Table: Statistical analysis of coefficients at , ap , b with s as standard error and R2 as coefficient of determination
resulting from a correlation test for ai and ap separately.
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ETS assessment – exercise

• Calculate the regression parameters using data for the years
2000 – 2015

• Calibrate the axis intercept so that it equals the average of the
years 2000 – 2002 if possible

• Calculate the expectation value of the emission intensities of the
counterfactual scenario

• Calculate the expectation value of the absolute emission
abatement
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