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Renewable energy policies in the EU

e "20-20-20" targets for 2020

1. Reduce 20 % EU greenhouse gas emissions from 1990 levels

2. Raise the share of EU energy consumption produced from renewable
resources to 20 %

3. Improve 20 % the EU's energy efficiency
« Share of renewable electricity is a key measure

Country | 2008 (%) | 2009 (%) | 2010 (%) |2020 (%)

Denmark 26.7 27.49 33.11 51.9
Finland 30.78 25.77 26.52 33.0
Germany 14.63 16.2 16.9 38.6

Aalto University .vsteemianalyvsin
School of Science laboratorio )
|



Trends in renewable electricity
production in Denmark and Germany

The development of wind power in Denmark

L e Bt B o o e e o e e o o b e B
4000 : : : : . —40% = IIIIII“IIIIIII[I
e 90% +Jl-- - -SSR -- - - - -/ i == Geothermal
2 L
[}
2% -4 0BREREREREEL T RER
E == Photovoltaics
3000+ 30% & ;0 A BB AR A RRRRERRRRRRRN . /R R s
c 5 it
= == Biogenic share
-‘? PR B B B B B o B BN BN BN B B B N I = imu of waste
(] o g
o Biomass
= I ) so% - B-4-B- B BB BRLE00EBRRE- ~-R--B- 2
2 2000 20% § L3
_fg 20% 8280800 BB - - i B A == \Wind energy
]
15056 o ._E A N RN R B BR R == Hydropower
[ 1 S B o - Nl
° L 10 — Total installed
[
L 10% - I I - -1 electrical
£ capaci
. Sl P llllllll " e
1980 1985 1990 1995 2000 2005 2010 SIS TF S LSS @’*@&@%@ NGRS

date Yiaar

Aalto University . .
A School of Science ﬁ:::f;?il:nalyysm
- —



Nord Pool and EEX

 Nord Pool operates in the
Nordics, EEX in France,
Germany, Austria, and

SWitzerIand Surplus area / low price Deficit area / high price
. . . Demand
« Majority of the volume is Tl o sus ‘ |— | eid
traded on the day-ahead /
spot market . Ponco |22 ‘-
« System price (Nord Pool) [~ = =\ = \\
and ELIX (EEX) are the Turnover MW Turnover MW
including export including import

equilibrium prices of
P, and P, » Prices for each area when full utilization of trading capacity

aggregated Supply and Pcap-0 = Price in area with isolated price calculation.
demand curves without

transmission constraints

e Area prices are usually
more relevant
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Research objectives

Estimate the impacts of intermittent renewable electricity
production on electricity price levels and volatility

Assess if there is a difference in short-term and long-
term impacts

Explain reasons for the results

Denmark and Germany are good test beds because of
substantial share of renewable generation and
availability of data
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Data

 Price data from Nord Pool and EEX
e Danish wind power data from Energinet.dk
« German wind and solar power data from EEX Transparency

« The dependent variable is daily or weekly volatility of
prices

1
e Vp= ZZ,%il(Ph — P4)2, where

Vp i1s daily volatility, P, price in hour h, and P, daily price

1
e V= \/;ZZizl(Pd — P,)? , where

Vw Is weekly volatility, P; price on day d, and P, weekly price
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Methodology

 Methodology from Mauritzen [1]

« Dally price volatility data for both Denmark and Germany is
modeled as a SARMA process

 Weekly price volatility data is modeled as an ARIMA process

* In both cases, the best specification for the volatility is found by
looking at ACF and PACF plots. The specification is validated by
checking that the coefficients are statistically significant and by
testing the model residuals with a Ljung-Box test

 Wind and solar power are exogenous variables for price volatility.

» Hence, the coefficients for wind and solar power show their impact
on the price volatility

« All variables are transformed into the natural logarithm form
* Implementation using Excel, Matlab and R
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Timetable

11/2012 acquire data, descriptive statistics
12/2012 models for Nord Pool

1/2012 models for EEX

3/2013 return the thesis
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