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1. Introduction

Electricity as an exchange traded commodity emeggednd fifteen years ago. Its
non-storable nature together with its other spechadracteristics made the trading in this
commodity from the beginning a challenging tAskhus electricity trading established itself
fast as an independent profession. The academiegsion has also quickly recognized the
exchange traded commodity electricity as an intexg@sesearch topic, with research mainly
focusing on questions related to market efficienmyce forecasting and the mechanisms
behind price formation, both in spot and futureskets. These questions are of particular
interest since electricity exchanges are desigeethmlesale markets, resulting in a relatively
low number of market participants. Therefore, d stigoing discussion on whether price
formation is efficient in these markets and whethgce manipulation is possible, e.g. by
imposing market power, emerged immediately. Thecentration of the generation capacities

in the hands of only a few companies is furthehifug this discussion.

Our paper aims to contribute to this discussiorough an analysis of the price
formation in the German electricity wholesale spmdrket. Trading in the German spot
market in its current form started in 2002. At theginning there were two market segments,
a day-ahead and a block contract market. Latentaday market was established and the
block contract market was closed. Specific blockgsaccessional) hours are traded in the
block contract market whereas single hour contrastraded in the day-ahead and intraday
market® All contracts in the spot market imply physicaltisenent. Contracts traded in
different market segments in part have identicdlvdey periods. Trading in the block
contract market and in the day-ahead market takase gfrom one to three days before
delivery. In the intraday market trading takes plagp to 75 minutes before delivery. The
former two market segments therefore virtually esent futures markets with a time-to-
delivery of one to three days. During the periodvimch the block contract market has been

existent it was possible to replicate a long positin a specific block contract by taking a

! See Bierbrauer et al. (2007) for stylized facts on electricity markets.

2 In Germany two companies control around 50% and four companies almost 85% of the generation capacity. For further
details see Weigt and von Hirschhausen (2008).

3 Electricity contracts, both spot and future, are due to the non-storability always characterised by a delivery period.



long position in the corresponding hour contracisthe day-ahead market. Since the
introduction of the intraday market, electricity fdelivery in a specific hour can be bought in
both the day-ahead and intraday market. For a simoet period, September 2006 to August

2008, contracts with the same delivery period viexéed in all three market segments.

In an efficient commodity market with risk-neutralarket participants, identical
contracts — except the time-to-delivery — shouldleast on average, have the same price
(Borenstein et al. 2008). Based on this assumptienwould expect the same price for
contracts with identical delivery periods in all ket segments of the spot market. However,
empirical research shows that this is not the oas&ectricity markets, neither in spot markets
(Longstaff and Wang 2004) nor in futures marketsaf@&ky et al. 2003). Prices differ and
empirical results suggest that in electricity spatrkets prices are higher in market segments
where trading takes place earlier. These pricesidiffces seem to be persistent. This is not
necessarily a sign for an inefficient market. Asgwgra market in equilibrium and using the
hedging pressure approach, the risk-aversion okebguarticipants who are willing to pay a
risk premium for the possibility to hedge theirgaririsk may be used as an explanation for the
observed price differences. The frequent price peakelectricity spot markets which can
have ruinous consequences for unhedged marketcipartts outline the importance of
hedging in electricity markets and thus suppors #planation. Therefore, according to the
hedging pressure approach, we interpret the priterehce between two market segments as

a risk premium paid for the transfer of price risk.

Our analysis of the German spot market yielddahewing results: we find evidence
for the existence of significant risk premia. Thes& premia are positive, i.e. according to
the theoretical considerations above identical remtsé are priced higher in market segments
where trading takes place earlier. The positive peemia are observed in both the block
contract market and the day-ahead market. Thus tdottk contracts and day-ahead market
contracts are upward-biased estimators of the ¢ggepot prices during the delivery period.
When analysing the day-ahead market, we also fiatithe risk premia are extreme volatile
and change in sign throughout the day. Testingséasonality in the risk premia we detect
evidence of higher (positive) risk premia in summenths. Furthermore, we find evidence
of a term structure of risk premia when analysihg period in which all three market
segments have been simultaneously existent. Reskiprseem to be higher in contracts with
a longer time-to-delivery. The analysis of potendiavers yields no significant results for the
relation between the risk premia and the variamceskewness of the realised spot prices.
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The research of this paper is related to the wéfRann and Wimschulte (2009) and
of Viehmann (2009). Ronn and Wimschulte (2009) cmdh first empirical analysis of the
block contract market; Viehmann (2009) conductssa €mpirical analysis of the day-ahead
market. We confirm the results obtained for theckloontract market and find similar results
for the day-ahead market. However, we estimaterigle premia in the day-ahead market
differently than Viehmann (2009). By extending temple period as well as including the
intraday market in our analysis we are also ableatnswer further reaching questions
regarding the German spot market. We contributé wiir research at least two-fold to the
existing literature. First, to our best knowledgee are the first to conduct an in-depth
analysis of the German intraday market. By anatysinsample period covering almost 33
months we believe that first empirical conclusiocas be drawn. Second, the sample period in
which all three market segments of the German sparket were simultaneously existent,
gives us a unique opportunity to investigate thisterce of a term structure of risk premia on
a very short time scale.

This paper is structured as follows: In the seccmabter we describe the setup of the
German electricity spot market and characterisarnttizvidual market segments. In the third
chapter we discuss the theoretical background ace dormation in electricity forward
markets and the risk premia approach. In additi@review the existing empirical literature.
The fourth chapter contains the results of our eicgdianalysis. Starting with a description of
our data we then report the estimated risk prefhareafter we investigate the existence of a
term structure of risk premia and analyse potertralers. In the fifth and last chapter we

conclude our results and discuss promising veruelsifure research.

2. The German Electricity Spot Market

In this chapter we provide background informationthe European Energy Exchange

(EEX) and discuss each of the three market segnoétiie spot market.
European Energy Exchange

The EEX is located in Leipzig, Germany, and wasfied in 1999. The EEX exists in
its current form since 2002, after the former Ewap Energy Exchange, then located in
Frankfurt, merged with the Leipzig Power Excharfjee tradable commodities on the EEX
are coal, electricity, emission rights, and gasa@hg of OTC trades is also offered. The

trading of electricity takes place in a spot ané iderivatives market. The derivatives market
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consists of a futures and options market, the spartket of an intraday and a day-ahead
market. The day-ahead market has been active gieceunding of the EEX. The intraday
market was introduced in September 2006 (EEX 2006)addition, contracts for three

specific blocks of hours have been traded in akbtmmtract market until August 20038.

The EEX is the largest energy exchange in contaleBurope and — after the
Scandinavian Nord Pool — the second largest in fgird@here are currently around 235
participants from over 20 countries trading in #p®t and futures market of the EEX. The
traded volume in the spot market in 2008 was aroid@ TWh. When compared with a
yearly (gross) electricity consumption of around 60Wh in Germany almost 25% of the
German electricity is traded in the spot markettted EEX. Similar to other electricity
exchanges most of the traded volume in the spoteharover 95% — is observed in the day-
ahead market. The intraday market seems to be ynasdd as a balance market for short-
term adjustments (Weber 2009).

Day-Ahead Market

The day-ahead market is used for trading of cotdravith a delivery period of one
hour. These hour contrattensure the delivery of electricity over a spedifielivery hour.
The price finding mechanism in the day-ahead masket uniform auction, a common and
accepted mechanism in European electricity dayehinearkets (Ockenfels et al. 2008). All
buy and sale orders are thereby collected in adlosder book. For a specific hour contract
orders can be entered, changed, deleted or redrigyéo 14 days before delivery; the auction
takes place on the last exchange day before theedetlay® In every auction 24 independent
prices are established for each single hour otitleery day. Until September 2008 auctions
were only taking place from Monday to Friday and oo public holidays, i.e. on Fridays and
before public holidays more than one auction tolalcg Starting with September 9, 2008 the
EEX introduced seven-day-trading in the day-aheatket (EEX 2008b).

* In 2008 the EEX and the French energy exchange Powernext declared an intense cooperation. The result of this
cooperation is a common electricity spot market, located in Paris, and a common electricity futures market, located in
Leipzig.

> For further details regarding the contract specifications see EEX (2008c) and EEX (2009).

® For further details regarding the trading process see EEX (2008a).



The EEX calculates a daily and a monthly index floee day-ahead market, the
Physical Electricity Index (Phelix). The daily indes calculated as a simple arithmetic
average of the hourly prices for the base (0 a@dtam) and peak hours (8 am to 8 pm). The
monthly index is calculated as an arithmetic averafjthe daily index values. The monthly

Phelix Peak is only calculated based on prices éatviMondays and Fridays.
Intraday Market

In the intraday market hour contracts with simigrecifications to the day-ahead
market are traded. The main differences compardatiaalay-ahead market are the trading
period and the price formation mechanism. The dayamarket operates as a continuous
market and trading takes place around the clockerselays a week. Trading in a specific
hour contract starts at 3 pm of the previous daylasts up to 75 minutes before beginning of
the delivery hour. The trading periods of the hoantracts of a certain day are therefore

different as they all have different ending points.

Trading at negative prices occasionally occurdintraday marketThe possibility
of negative prices emerges due to the fact thadymtoon of electricity cannot be stopped in

the short-term and/or implies very high costs.
Block Contract Market

Trading took place in the block contract marketilullugust 2008. Block contracts
ensured the delivery of power over several delivenyrs. Traded block contracts were a base
load, a peak load and a weekend base load cofitfdm. base load block contract ensured
delivery of electricity throughout the day whileetpeak load block contract ensured delivery

in the peak hours (8 am to 8 pm) only. The base ldack contract was available for all days,

7 Negative prices in the intraday market were introduced in December 2007. During the analysed sample period we
observe 35 hours with a negative price in the intraday market. All negative price observations occur on non-working
days, mainly in the morning hours. The permitted price range for intraday market contracts is from minus to plus 9999
Euro/MWh. It is also allowed to bid negative prices in the day-ahead market (price range: -3000 Euro/MWh to +3000
Euro/MWHh; introduction of negative prices in 2008). During the analysed sample period we observe 32 hours with a
negative price in the day-ahead market, 15 on working days and 17 on non-working days. All observed negative prices
occur also in the morning hours, with the 15 negative price observations on working days concentrated on three days.

& The weekend base load block contract was introduced at a later date compared to the two other block contracts, starting
trading on November 1, 2002. However, replicating the weekend base load block contract had already been possible by
taking long positions in base load contracts with delivery on a Saturday and a Sunday.



the peak load block contract only between Mondays Bridays. The weekend base load
block contract ensured delivery in all hours of theekend. Trading in the block contract
market included an auction mechanism as well asnéirtious trading period. Trading took
place between 8 am and 12 am and was divided iaglering auction, the continuous trading

period, and a closing auctidn.

Today, the same blocks of (delivery) hours ash block contract market can be
traded by bidding for the specific hours in the -ddgad market. The orders for these
synthetic blocks can be made in the form of a bloick a special bid form that ensures that
either all or none of the specific hour contraats tiaded. However, the block bids do not

have a pricing of their own as block contractshie block contract market had (EEX 2008a).

3. Risk Premia in Electricity Markets

In the following chapter we give an overview on theoretical background on price

formation in electricity forward markets and revid@ve related empirical literature.
Theoretical Background

In general the day-ahead electricity market isisseethe spot market. Accounting for
the traded volume and the number of market padidgpin this market segment this point-of-
view seems to be justified, in particular when caneg with the intraday market. In the case
of the EEX the fact that the day-ahead market isirsg as an underlying for the futures
market also confirms this view. However, from adiedical perspective it is rather the
intraday market which fits more to the characterssof a spot market. The day-ahead market
and also the block contract market are rather éstunarkets with a time-to-delivery of one to
three days. This leads to the question on the yhbehind price formation in electricity

forward markets.

Most forward markets can be linked to the relaeot snarket using the cost-of-carry
approach as a non-arbitrage relation. The critasmumption underlying this relation is the
storability of the particular commodity or assanc® this assumption is not valid in the case

9 According to Ronn and Wimschulte (2009) almost all trading in the block contract market took place in the continuous
trading period.



of electricity — which is at least in economic termon-storable — this approach is not
applicable and thus another mechanism is requfrégsuming a market in equilibrium the
hedging pressure approach seems to be suitabke approach postulates that forward prices
are formed as the sum of the expected spot pricheotinderlying at maturity of the future
and a risk premium. The risk premitihis paid by risk-averse market participants for the
elimination of price risk. Depending on the averagk aversion in the market the risk

premium can be both negative and positive.

When estimating the risk premium in this paperwik use an approach yielding the

ex post or realized risk premium
RR = F(t,T) - S(T). (1)

The risk premiunRPy in this approach is defined as the differencéheffutures price
F(t, T)at timet and the realised spot pri&&T)at maturityT.*?

Another possibility to estimate the risk premiunthe use of the ex ante approach by
replacing the realised spot price through the ebgaespot price at maturitig[S(T)]. The

result is the ex ante or expected risk premium
RR; =F(@T)-E[S(T)]. 2)

The interpretation of the estimated ex ante riskipum,RP, 1, is problematic due to
the fact that a specific spot price model has taded to estimate the expected spot price at

maturity with the available information settii®

10 Routledge et al. (2001) develop a model that extends the theory of storage to goods which are not directly storable.

1 Risk premia in commodity futures can also be linked to systematic risk. However, empirical literature mostly denies
systematic risk in commodity futures, see e.g. Jagannathan (1985).

2 The realised spot price is calculated as the arithmetic average of the n hourly prices, S;, in the delivery period T
1 n
SM==>5.
ni=
B The ex post and ex ante risk premium can be linked by the assumption of rational expectations, resulting in

F(tT)-S(T) =RR; +&,-



Empirical Literature

Empirical research on risk premia in electricitpnkets — apart from the distinction
between ex ante and ex post risk premia — can \adedi in two broad groups which are
characterised by the maturity of the analysed eatdr In the following we will discuss
empirical results dealing with risk premia in efegty spot markets. The other group deals
with risk premia in futures markets, mainly anatgsiveek and month futures. Botterud et al.
(2002), Shawky et al. (2003), Wilkens and Wimsaln@#007), Lucia and Torro (2008), Torro
(2008), Kolos and Ronn (2008), Furio and Meneu @20Marckhoff and Wimschulte (2009),
Pietz (2009) and Capitan Herraiz and Rodriguez Mp1i2009) contribute, among others, to
this research. The main findings are evidence @mitye risk premia at the short-end and

mixed evidence for seasonality in risk premia amelran structure of risk premia.

The most-cited empirical paper regarding risk peem electricity spot markets is
probably Longstaff and Wang (2004). The authordyaeain their paper the Pennsylvania,
New Jersey and Maryland (PJM) market over the gefime 2000 to November 2002. After
finding significant risk premia which systematigallary throughout the day they link these
risk premia to different risk factors. Boogert dadpont (2005) analyse the relation between
the intraday and day-ahead market in the Nethesladding a dataset covering the period
January 2001 to December 2003 they find that thle premia are slightly positive but not
statistically significant. Testing the profitabylitof trading strategies based on these risk
premia the authors report weak evidence. Karakats@h Bunn (2005) use in their study a
dataset from the British market from June 2001 uneJ2003 and show the existence of
significant risk premia which change sign, depegdin whether peak or off-peak hours are
investigated. Analysing the period January 200August 2005 and using OTC prices, Diko
et al. (2006) find statistically significant pos#i risk premia during peak hours in three
European electricity markets. Hadsell and Shawk@072 examine the New York
independent system over the period 2001 to 200lifkg significant risk premia they show
that the magnitudes vary on a daily, weekly and timgrbasis. Ronn and Wimschulte (2009)
conduct a first analysis of the German spot matkdsing data from 2002 to 2007 they find
positive risk premia in the block contract markieaskalakis and Markellos (2009) obtain

Under this assumption the ex post risk premium equals the ex ante risk premium plus a random (forecast) error. See Red|
et al. (2009) regarding the possibility of systematic forecast errors.
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first results for the German intraday market. Wiagalysing the period September 2006 to
October 2007 — approximately the first year of agien of the intraday market — the authors
detect negative daily risk premia. Viehmann (208&)mates the risk premia in the day-ahead
market of the EEX, using price data from the Awastrelectricity exchange as substitute for
over-the-counter prices. The author finds — cowerine sample period October 2005 to
September 2008 — hourly risk premia that are sicantly different from zero.

4. Empirical Results

In the first section of this chapter we describe data and report descriptive statistics.
The second section contains results on the riskipreThe existence of a term structure of
risk premia is investigated in the third sectioheTourth and last section deals with potential

drivers of risk premia.
4.1 Data and Descriptive Statistics

In the following we describe our data and repodividual descriptive statistics for the

three market segments discussed above.
Day-Ahead Market

The day-ahead market dataset consists of houidggpand the corresponding traded
volume, covering the period between August 1, 280@ May 15, 200%* Prices for the day-
ahead market and all other market segments aredjioEuro/MWh. In order to simplify the
terminology we will report prices in Euro only. Adlur data, including the data for the day-

ahead market, has been directly obtained from . E

Prior to computing descriptive statistics for theey-ahead market data, we recall that
one of the prevalent characteristics of electripitices is their seasonality, observed at least
on three time scales: on a daily, weekly and mgngbhle. At the beginning of our analysis
we are primarily interested in the weekly seastyand hence calculate the average daily

price, the Phelix Base, on all weekdays. As a tesd get a maximum price on Tuesdays

 Our dataset starts on August 1, 2002 due to the fact that the EEX changed the trading system on this day. Trading in the
day-ahead market was already taking place before. The same applies to the block contract market.

11



(49.09 Euro), almost identical prices on Wednesa@eans Thursdays and slightly lower prices
on Mondays and Fridays. In contrast, the average$ron Saturdays and Sundays, 34.42
Euro and 26.63 Euro, respectively, are signifigaidiver. Going a step further we use the
official trading calendar of the EEX and calculéibe average prices on working and non-
working days. Non-working days are weekend days fualic holidays. The results show
that prices on public holidays during the week ais® significantly lower than on normal
working days. We hence decide to distinguish infthii®ewing — not only for the day-ahead
market but also for the two other market segmeristween working and non-working days.

The descriptive statistics for the reordered datasereported in table 1.
- Include table 1 about here -

The term Hour 1 corresponds to the hour contrétt eelivery between 0 — 1 am. The
following hours are set accordingly. When examining hourly prices in table 1 we detect
the expected seasonality on a daily basis. On geethe hourly prices on working days are
three times higher around midday than in the earbyning hours. A similar pattern is
observed for the volatility. When surveying the maxm prices and the third and fourth
moment of the distributions, hours with frequent@robservations in the magnitude of ten
times as high as the average price are obsérvBuese maximum prices are the well-known
and dreaded price spikes or jumps (Seifert anddJdamburg 2007), one of the unique
characteristics of electricity prices which is dizeits non-storability® The price jumps
combined with the high skewness of the price distrons during high demand hours
underlines the importance of hedging in electrioigrkets-’

When comparing working to non-working days it swmiit that not a single price
spike is observed on a non-working day. The vatatdnd the skewness of the distributions
on non-working days are also significantly loweartton working days. We display the daily

price during our sample period in figure 1 in orttedlustrate the discussed characteristics.

> Our dataset even includes four observations of prices above 1000 Euro: Two in delivery hour 12 (11 am — 12am) on the
07/25/06 and 07/27/06; two in delivery hour 19 (18 pm — 19 pm) on the 01/07/03 and 11/07/06. The last observation
will be of importance at a later point.

16 See Viehmann (2009) for a discussion of the factors causing these maximum prices in the German market.

Y see Deng and Oren (2006) for an overview on hedging in electricity markets.

12



- Include figure 1 about here -

In addition to the frequent price spikes, an asialpf figure 1 discloses an apparently
increasing volatility during the sample period. diwalyse this further, we order the price data
by years, both for the base and peak hours. Therigige statistics for these data can be

found in table 2.
- Include table 2 about here -

The daily average price in table 2 seems to inqatpoa positive drift. Except for the
years 2007 and 2009 — where only data up to thellmiof May is available — we observe a
steady increase in the average prices. A partigutarong increase occurred in 2005 when
the European Union emission trading system wasdated. The adoption of the emissions
right price as a cost factor in electricity genematalso represents a potential source for the
increasing volatility (Zachmann and von Hirschhaw2€08). On average, prices in peak
hours are around 20% higher than in base hours.volatility in the peak hours is also
significantly higher.

Block Contract Market

Data from the block contract market is availabééween August 1, 2002 and August
31, 2008. The last day of the dataset is at theestime the closing day of this market
segment. The dataset includes price series ohiiee tblock contracts discussed above (base
load, peak load, and weekend base load) and tkedraolume. Each price time series

consists of volume-weighted average prices.

Table 3 reports the descriptive statistics forllmek contract prices. In addition day-
ahead market prices are also included.

- Include table 3 about here -

The reported data for the day-ahead market arecdlnesponding synthetic block
contracts. When comparing the block contracts withsynthetic block contracts we observe
that the descriptive statistics are very similacept for a higher skewness and kurtosis of the

day-ahead market data. This is probably due tdrduient price spikes in this market.

When examining the number of price observationtténblock contract and day-ahead

market it stands out that on around 30% of day$rading took place in the block contract
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market. On non-working days this number is everndrigand in particular the peak contract
with delivery on non-working days was almost new@ded. We therefore exclude this
contract from the further analysis and note thattilgh number and the uneven distribution
of the non-trading days have to be considered wingrpreting the following results.

Another systematic pattern in the data, also ajrealobserved by Ronn and Wimschulte

(2009), is a higher number of days without tradmgontracts with delivery on Mondays.
Intraday Market

Data from the intraday market is available for pegiod September 25, 2006 to May
15, 2009. The dataset includes hourly prices aacttinresponding traded volume. Two price
series are available, the average and the last.pfice average price is the average of all
trades which took place in a specific hour contrabe last price is the one at which the last
trade took place. No information on the number tamehg of single trades is available. When
testing for systematic differences between thedadtthe average price no obvious results are
found. The mean of the average price is slightghar than the one of the last price and its

volatility is slightly lower than the one of thestaprice.

When considering which price series to use, weebelithat the last price is the one
that should be used for the following analysis.sTikidue to the theoretical framework behind
the use of the risk premia approach. We interpratket segments of the spot market with
earlier trading as being futures markets. A dayadhearket contract is in general interpreted
as a future with a time-to-delivery of one day. Time difference between trading in these
two market segments is therefore the main chaiatiteof interest. The last price is the price
observation which maximizes the temporal differelbpesveen trading in the day-ahead and in
the intraday market and is hence the price whidukhbe used. However, considering the
thin trading in the intraday market and the presblsnaneven distribution of trades during
the permitted trading phase for a specific contractthe following we will also discuss

results obtained by using the average price.

Descriptive statistics for hourly (last) prices working and non-working days on the
intraday market are reported in table 4.

- Include table 4 about here -
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The intraday market price data are similar to tag-ahead market price data. Perhaps
the most striking differences are the significarittyver maximum prices in the intraday

market and the smaller skewness and kurtosis giribe distributions.

As previously mentioned the observed liquidity tme tintraday market is low —
compared to the day-ahead market — but seems ddilgténcrease. However, the question
remains whether the high number of hours withcades — in particular in the first months of
operations — is leading to biased estimates. Iitiaddthe missing information regarding the
specific point-in-time at which the last trade talpdace is problematic. We refer to Viehmann
(2009) for a deeper discussion on the occurrindgplpros and point out that further research

on the liquidity of the intraday market is necegsar
4.2 Risk Premia

The estimated risk premia are reported separabelthé block contract market and the

day-ahead market.
Risk Premia in the Block Contract Market

The estimated risk premia in block contracts amarsarized in table 5. Results are
reported for working and non-working days. The ¢atbntains results for the base load and
peak load contracts on working days and for theebaad and weekend load contracts on
non-working days. Data from the day-ahead marketuged to estimate the risk premia. We
apply the Newey-West estimator to receive autotatio;m and heteroscedasticity robust

results.
- Include table 5 about here -

Table 5 reveals the existence of significant risknma, in both base load and peak
load contracts, with statistically significant résuon working days. A high risk premium,
significant at the 1% level, is observed in basalland peak load contracts, in particular on
Mondays. In addition, significant risk premia inetlbase load contracts are observed on
Wednesdays and Fridays as they also are in the Ipadkcontract on Fridays. Overall, the
risk premia in both contracts are significant s 8% level and have a magnitude of 0.79
Euro in the base load contracts and of 1.55 Eurthenpeak load contracts. Compared with
the average prices (see table 3) of the base lodg@ak load contract the results imply that

on average 1.66% and 2.54%, respectively, of tbhekbtontract price is paid for the hedging
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of price risk. For the block contract with deliveopm Mondays this number even goes up to
around 5%.

The obtained results seem to confirm the theorytk®taparticipants are apparently
willing to pay a risk premium to secure future pgcand the earlier the hedging is possible
the more market participants are willing to payorfrthis perspective, especially the risk
premium in block contracts with delivery on Mondajsould be relatively high since these
contracts have a time-to-delivery of three dayssify market participants to forecast the spot
price three days in advance. The high observedmisknia in this contract match therefore
the theoretical framework. The fact that the blaoktracts with delivery on Mondays were
considerably less often traded than the other aot#rcan also be regarded as support for the
high risk of these contracts.

Our results confirm the results of Ronn and Wim#eh(2009). Although pursing a
different goal, the authors analyse the sampleogefiugust 1, 2002 to September 30, 2007
and estimate the risk premia in the block contradsing an extended sample period our

results are consistent with the results reportadhbie 2 of their working paper.
Risk Premia in the Day-Ahead Market

Risk premia in day-ahead market contracts aremastd as the price difference
between the day-ahead market and intraday markétambs with the same delivery hour. We
use the last price of the intraday market and seélgrestimate the risk premia in contracts
with delivery on working and non-working days. Tabb contains the results of the
estimation. We report the average risk premium ntieelian value as a robustness check and
the standard deviatiofi. The Newey-West estimator is used to get autocioel and

heteroskedasticity consistent results.
- Include table 6 about here -

The average risk premium on working days is 0.8fEund statistically significant at
the 1% level. For non-working days the analysisdgen average risk premium of 1.40 Euro,
also significant at the 1% level. In both casesntiaglian is slightly lower than the average but

'8 The median value is perhaps a better measure when analysing ex post risk premia (estimated with a small dataset) as
the average value is sensitive to price peaks in one of the markets.
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still in the same range. Using the average pricegetesignificant risk premia on working
days and non-working days with a magnitude of 820 and of 0.59 Euro, respectively. It
stands out that the risk premia seem to be highenan-working days than on working

days™

The hourly risk premia are very volatile and fregle change in sign. This
corresponds to results from other markets, asXamgle to the results reported by Longstaff
and Wang (2004) for the PJM market. We find sigaifit risk premia in 16 of the 24 hours in
day-ahead market contracts with delivery on worldags. The risk premia are positive and
highly significant especially around midday, e.gr hour 12 on working days the risk
premium has a magnitude of 3.61 Euro. That repteserelative risk premium of around 5%.
On the other side, for hour 9 we find a risk premiof — 4.19 Euro. In the night hours the risk
premia are mainly negative and also significant.r@n-working days 15 of 24 hourly risk
premia are statistically significant. Comparing thedian values and standard deviation of
the separate hour contracts only the volatilitho@ir 19 on working days stands out. Yet this
can be explained with one extreme price observatiothe day-ahead mark&t.Using the
average prices of the intraday market to estintagerisk premia in the single hour contracts

we find no systematic differences in the results.

To illustrate the high volatility of the risk preathe evolution of the risk premia in

four selected hour contracts is plotted in figure 2
- Include figure 2 about here -

The selected hours shown in figure 2 are equallgaxd over the day — with a constant
five hour gap in-between — so that the risk preimiahour contracts with fundamental
different demand profiles are shown. The verticadsaof the four graphs in figure 2 are set
between minus and plus 50 Euro to amplify the diffé volatility. The last price in the

corresponding intraday market contract is usedompute the data. As it can be seen, the

YA possible explanation of this observation is that electricity buyers primarily use the day-ahead market and, in particular,
seem to avoid the intraday market — due to a lack of liquidity — on non-working days. See also Weber (2009) for a
discussion of possible reasons for the low liquidity in the German intraday market.

% The extreme observation in hour 19 occurs on 11/07/06 with a price of 2436.63 Euro. The exclusion of this price
observation from the dataset results in a volatility for hour 19 which is comparable to the volatility of the other hours.
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graphs for hour 12 and hour 18 show a significahther volatility compared to the two
other hours. It also seems that a form of volgtittustering can be observed in the risk
premia. Further research on the evolution of thke premia is necessafygiven an extended
dataset is availabfé. In particular the evolution of the magnitude oé thisk premia is of
interest (Saravia 2003).

Another interesting question regarding risk prermmaelectricity markets is the
existence of seasonality. Hadsell and Shawky (28€§3)rt for the American market high risk
premia in winter and summer months, according ® ytearly demand pattern. Lucia and
Torro (2008) report seasonality in risk premia ieek futures traded at the Nord Pool. For the
analysis of our data regarding the existence o$aedity in the risk premia we have the
choice to either analyse all hour contracts seprair to use the daily average or some
blocks of hours. The estimation of the daily riskmia — calculated as the daily price in the
day-ahead market minus the daily price in the ddyamarket — and the estimation of the
average monthly risk premia based on the dailylt®seem to be the most straightforward

approach. However, this procedure is not practealie to the significant number of hours

! When testing for the evolution of the risk premia throughout the analysed sample period we find no obvious trend.
From beginning on the risk premia seems to be positive and extremely volatile. The negative daily risk premia obtained
by Daskalakis and Markellos (2009) for the first year of the intraday market’s existence is probably due to calculation of
daily prices on the intraday market as arithmetic averages of the hourly prices and the high number of non-trading hours
in this period.

%2 Similar to Boogert and Dupont (2005) we examine the practical relevance of the hourly risk premia by testing two simple

(spread) trading strategies. A spread strategy in electricity markets consists of a long position in one market segment
and a short position in the other one. We therefore examine the two hours with the largest positive and negative risk
premia over the whole sample period (on working days), hour 9 and hour 12. For the hour with a positive risk premium
the strategy to be tested is a short position in the day-ahead and a long position in the intraday market. For the hour
with a negative risk premium the opposite strategy applies. The profit for the first strategy (per MWh) is the day-ahead
price minus the intraday price, for the second strategy the intraday minus the day-ahead price. We start our test in
August 2008, because from this month on there is no occurrence of non-trading days in the hours of interest. Without
further investigating the traded volume (and by ignoring transaction costs) we assume that it is possible to trade an
additional volume of 10% at the quoted price in the intraday market. As results we get a three-digit average profit for
hour 9 and a three-digit average loss for hour 12 as well as a high volatility. Based on these results we wonder if
professional market participants with no interest in the physical delivery of electricity (speculators, arbitrageurs, etc.)
are seriously interested in investing time and money in trading strategies with such profit-loss potentials. Discussing this
point with representatives of a leading investment bank in Western Europe we received the argument that based on the
low liquidity in the intraday market and on the high volatility of the risk premia the potential profits of an arbitrage
strategy based on the risk premia are by far not sufficient to justify an engagement..
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without trading in the intraday markétWe therefore decide to evaluate the existence of
seasonality by applying the following procedurestfiwe estimate the risk premia in all hour
contracts. Second, we reorder the estimated riskipr by months. Third, we calculate the
average risk premia for three blocks of hours: l{se 24 am), peak (8 am — 8 pm) and off-
peak (0 am — 8 am and 8 pm — 0 am), based on theeaibtained results which show that

these blocks of hours exhibit similar charactezsstilfable 7 summarizes the result.
- Include table 7 about here -

Significant positive risk premia are found for themmer months, i.e. June, July and
August. Significant negative risk premia are found January. The results for the other
months are not significant and mixed. Carefullyerpteting these results we think that based
on the analysed sample period and data the exestehgositive risk premia in summer
months can be detected. However, Viehmann (200&@lyses four selected hours and finds —
using data from the day-ahead market and estinpatees for over-the-counter trades taking
place two hours before the day-ahead market auctiasignificantly higher risk premia in

winter months.
4.3 Term structure of Risk Premia

The time period between September 25, 2006 and #gfYy 2008 offers the unique
opportunity to analyse the German electricity gpatket in respect to the existence of a term
structure of risk premia. That is due to the faett tduring this time period the three market
segments were simultaneously in existence. Thaastpossible to buy and sell electricity for
the same delivery period in three different madeggments with the only difference being the
trading point-in-time or rather the time-to-deliyesf the specific contract. However, it was
not possible to trade single hour contracts buttthéable delivery periods were determined
by the block contract market. The tradable deliveeyiods were hence the whole day (base
load contract), the peak hours (peak load contraotip the off-peak hours (through a
synthetic contract: a long position in the baselloantract and a short position in the peak

load contract).

2 Off-peak hours have the highest number of days without trading. Thus one may assume that the daily average price is
upward biased.
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The question if market participants are willingpay different risk premia depending
on the time-to-delivery is of high importance, fmth theoretical and empirical purposes. The
results above indicate that similar to other markieé German spot market is characterised by
positive risk premia. However, based on the ab@geillts no conclusion concerning a term
structure of risk premia can be drawn. Empiricalits on the existence of a term structure of
risk premia in futures markets are mixed. Shawkgle{2003) find that the risk premia in
futures with delivery at the California-Oregon Berdtraded at the New York Mercantile
Exchange, is an increasing function of time-toaly. Weron (2008) and Marckhoff and
Wimschulte (2009) on the other side offer empirieaidence for a decreasing risk premia
with increasing time-to-delivery. Pietz (2009) refsancreasing risk premia at the short-end
and decreasing risk premia thereafter for the Gerimres market. From a theoretical point-
of-view the framework developed by Benth et al.0&pQis able to explain a term structure of
risk premia with changing risk preferences and heglglemand across different maturities.
All empirical results obtained to date deal withtundies in the range of weeks or months. As
far as we know we are the first to have the pol#sitio research the term structure of risk
premia on such a short time scalhe already obtained results lead us to expedirfgn

higher risk premia in the block contract market.

When analysing the available data the low liquiditythe block contract and in the
intraday market has to be considered. In particatathe beginning of the above defined
sample period, when trading in the intraday maheat just been introduced and at the end,
when trading in the block contract market was c@riman end. For this reason we reorder
our dataset. For the analysis of a specific cohtoaty days with trading in all hours of
interest in all three market segments can be imcuieh the final dataset. Originally, the

sample period extends over 706 trading days, 486eoh being working days.

We begin to reorder the data with the working dayse reduction of the dataset to
days when trading in all hours of interest in the#aday market took place, results in 174
working days with trading in all hours and 350 wagkdays with trading in the peak hours.
In a second step we sort out all days without trgadin the corresponding block contract. We
get 147 working days for the base hours and 28%iwgrdays for the peak hours at which at
least one trade in all three market segments andshad interest took place. For the off-peak
hour contracts trading in all off-peak hours in theaday market and in both the peak and
block contract in the block contracts market isessary. The reordering shows that this has

been the case on 132 working days. Conducting dhee geordering procedure for the non-
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working days results in an extremely small datagés. therefore decide to forgo the non-
working days. Thus the following analysis only deaith working days.

After the reordering of the data we estimate tek premia at two points-of-time, one
being the trading in the block contract market #imelother one in the day-ahead market. This
results in two risk premia in contracts with ideati delivery periods and different time-to-
deliveries. The results therefore allow us to exeduvhether a term structure of risk premia
on such a short time scale is apparent. The refsultbe two markets and three contracts are

shown in table 8.
- Include table 8 about here -

Due to the skewness of the distributions of thie piemia table 8 contains the average
and the median risk premia. We again employ theddse from the intraday market. The
risk premia in the block and in the day-ahead ntadomtracts are estimated as the price
difference between the particular market and theaday market That is a significant
difference compared to the section above, whereishepremia in the block contracts were
estimated as the price difference between the btmrkract and day-ahead market. The
results for the base and off-peak hours are inogmit although in the off-peak contracts the
risk premia seem to be higher in the day-ahead ithéime block contracts. The risk premia is
higher in the block contracts for the base houas tim the day-ahead contracts. For the peak
contracts — as mentioned the most liquid ones -getestatistically significant results. The
risk premium in the peak load contract is on averd@4 Euro and significant at the 1%
level. For the day-ahead peak hours we get a rskijom of 1.76 Euro, significant at the 5%
level. Market participants were therefore appayewilling to pay a higher risk premium for
the possibility of an earlier hedge during the pagrivhen all three market segments of the
spot market were active. This is consistent wite tiesults of Pietz (2009) who finds
increasing risk premia with increasing time-to-detly at the short-end in the German futures

market.
4.4 Drivers of Risk Premia

When investigating potential drivers of the riskeqmia the equilibrium model of
Bessembinder and Lemmon (2002) provides a reld@iween the anticipated distribution of
the expected spot price and the ex ante risk pramith the methodology proposed by

Longstaff and Wang (2004) this theoretical modeh ¢ transformed in an empirically
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testable equation. Thereby the ex post risk preRi; are regressed on the variance
VAR[S(T)] and skewnesSKEWS(T)] of the corresponding spot prices. The skewne#sisn

case is non-standardized.
RR;, =a+bVAR[S(T)] + c (BKEW[(S(T)] 3)

Bessembinder and Lemmon (2002) show that the oeld&tetween the risk premia and
the variance — under certain conditions — is nggatind between the risk premia and the

skewness positive.

We regress the 24 hourly ex post risk premia in-alsad market contracts on the
variance and skewness of the corresponding pristeilditions, for both working and non-
working days, and find no significant relation. \Wwerefore forgo reporting the resul@ur
findings are contrary to Longstaff and Wang (2004 find a significant relation for the
PJM day-ahead market. Furio and Meneu (2009) amdhges Spanish futures market and also
find supporting evidence. On the other side, Lasid Torro (2008) report mixed results. To
our knowledge Ronn and Wimschulte (2009) are tHg ones testing the relation for the
German spot market. They use the risk premia urésttraded at the Austrian exchange with
delivery in Germany and the prices in the day-aheeaket of the EEX. The results for

working days are all insignificant.

Further potential drivers of the risk premia arescdssed at this point from a
qualitative perspective whereas an empirical veatfon is left open for future research. Lucia
and Torro (2008) find a significant relation betwesk premia and low water reservoir
levels for futures traded at the Nord Pool. Howevtkese results could be specific to the
Scandinavian area where water power plays a domnired@ in the electricity production
(Torro 2008). Furio and Meneu (2009) link the nskemia in futures with delivery in Spain to
an unexpected variation in demand and hydro-eneaggcity. Longstaff and Wang (2004)
find a positive relation between the risk premia #me conditional volatilities of unexpected
changes in demand, spot prices and total revenaewrd gas storage (Douglas and Popova
2008) and emission allowance prices (Daskalakis Matkellos 2009) are identified in the

literature as further potential drivers of the nskemia.
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5. Conclusion

The aim of this paper is an empirical analysishef price formation mechanism in the
German electricity wholesale spot market. We tleeetonduct an in-depth analysis of all
three market segments which are or were in existdndng our sample period which extends
between August 2002 and May 2009. These three msegenents are the day-ahead market,
the block contract market and the intraday markeading in the day-ahead market in its
current form started in August 2002, trading in ititeaday market started in September 2006.

The block contracts market ceased its activity ugést 2008.

Our results are: we find positive risk premia ie thlock contract and in the day-ahead
market. Risk premia in block contracts are in gatér significant and high for contracts with
delivery on Mondays. Risk premia in day-ahead mackatracts are extremely volatile and
change in sign throughout the day. Furthermoredetect a term structure of risk premia
during the sample period when all three market sgggsnwere active. Risk premia seem to be
higher in contracts with a longer time-to-delivelty.addition, we find evidence of seasonality
in the risk premia with higher risk premia in theysmer months. When testing for a relation
between the variance and skewness of the undergpongprice and the risk premia we find

no significant results.

Further research on this topic seems to be progusind necessary. First, an
identification of potential drivers of the risk pnéa in the German market would extend our
understanding on the mechanism behind price foomaiti the spot market. Second — as soon
as a larger dataset is available — the time-vanadf the risk premia should be analysed. The
guestion whether a convergence of the day-aheadhenohtraday prices will take place or
whether the risk premia will persist is of parteulnterest. Both research venues are related
to the question whether the observed positive pigknia are an adequate compensation for
the associated risk or rather an indication of reankefficiency. The liquidity of the intraday

market has to be also further investigated in otoéest the robustness of our results.
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Price [Euro]

Figure 1
Time Series of Daily Prices on the Day-Ahead Market

Time series of daily prices on the day-ahead market. Sample period: August 1, 2002 to May 15, 2009. Both working and non-working days are included. The
daily price is calculated as an arithmetic average of the 24 hourly prices. The EEX publishes the daily price as the PHELIX (Physical Electricity Index) Base.
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Figure 2
Time Series of Risk Premia in Day-Ahead Market Contracts for Selected Hours

Time series of risk premia in day-ahead market contracts for selected hours. Sample period: September 25, 2006 to May 15, 2009. The risk premia

in hour 6 (5-6 am), hour 12 (11-12 am), hour 18 (5-6 pm), and hour 24 (11-12 pm) are displayed. The vertical axis is set between -50 and +50 Euro.

: o ' , : o .Mh AL Lh lﬂ”l dl\ IH‘I i
e L l
E o ' Mn‘u H‘f"\" "IJ!HWI“I” Lt | ,‘ |]1”H1i .”M I\I“ “l’ “ ”'“l“ld, § ol j ll ki h ||l,"’|” Il ‘ ‘!N”H lll]l]l'llu, ”H ’ l‘|“ A

29



Table 1
Descriptive Statistics for Hourly Day-Ahead Market Prices

Descriptive statistics for hourly day-ahead markt prices, both for working and non-working days. The covered sample period is August 1, 2002 to May 15, 2009. Overall 41400 price obser-

vations on working days and 18480 on non-working days are included. Hour 1 stands for the hour contract with delivery between 0 amand 1 am. The following hours are set accordingly.

Working Days Non-Working Days
Hour Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis
1 30,89 13,42 -16,67 21,72 75,01 0,82 0,42 30,22 14,00 164 2722 76,02 0,90 043
2 2701 13,47 -151,67 24,94 69,63 -0,79 17,98 25,28 13,58 0,00 23,12 71,07 0,83 056
3 2443 12,40 -101,52 22,79 64,09 -0,05 6,18 22,53 13,33 -0,07 20,98 67,93 0,72 035
4 22,40 11,89 -101,52 21,22 60,20 -0,20 7,40 20,57 12,43 0,00 18,44 69,52 0,81 045
5 2333 12,00 -101,50 22,08 61,93 -0,70 12,87 19,57 12,10 0,00 17,86 69,92 0,89 0,75
6 29,62 12,19 -9,98 27,06 7051 0,80 0,51 19,66 12,34 -0,02 1811 69,90 0,87 0,74
7 38,09 15,70 1,09 34,04 104,93 0,96 0,75 15,88 13,69 -109,97 14,08 75,25 -0,30 10,66
8 5434 25,86 3,03 45,94 301,01 2,21 12,09 20,81 14,30 -50,60 19,37 80,68 0,80 180
9 58,55 30,02 8,02 50,04 437,26 314 23,02 26,93 15,24 0,00 2457 91,05 0,95 118
10 61,15 32,79 13,39 52,00 499,68 3,44 26,69 3314 16,65 0,00 30,03 96,04 1,01 1,09
11 6393 40,60 13,61 54,43 998,24 8,88 173,18 36,75 17,27 0,00 3324 99,75 1,05 1,06
12 72,89 70,17 15,54 61,16 2000,07 16,67 408,11 40,29 17,36 192 36,16 105,02 1,02 085
13 62,05 34,78 14,28 53,84 699,81 5,97 83,61 38,06 16,79 188 3443 99,82 0,99 0,78
14 60,08 33,32 14,63 51,62 699,88 6,08 91,79 33,48 15,07 1,03 30,11 91,44 0,92 0,68
15 56,99 3317 13,04 48,38 800,09 7,87 151,15 29,97 14,00 0,07 27,29 87,16 0,88 071
16 53,28 29,49 11,76 45,12 693,23 7,22 133,40 27,97 13,46 0,00 2554 82,93 0,87 0,74
17 51,59 26,24 15,23 43,54 300,01 2,60 13,70 28,61 13,81 0,00 25,60 80,08 0,92 0,79
18 56,98 43,78 1517 45,81 821,90 7,36 92,38 34,18 16,83 0,00 30,01 109,95 1,03 0,96
19 6161 82,73 13,92 47,24 2436,63 19,48 496,01 38,93 18,75 0,26 33,82 119,98 0,96 050
20 5381 28,66 14,54 43,99 300,01 2,39 11,47 39,34 18,47 101 3456 111,02 0,96 062
21 50,14 21,80 15,81 42,96 194,62 1,17 1,69 36,74 15,74 2,27 3351 10531 1,03 119
22 43,68 17,28 12,48 38,93 118,93 0,97 0,55 34,19 14,10 2,23 31,00 89,96 0,95 086
23 40,93 15,89 13,93 36,33 94,82 0,90 0,09 35,92 14,78 453 32,52 87,26 0,94 052
24 3393 1321 9,15 30,40 80,98 0,93 0,37 29,39 12,71 161 26,13 75,09 0,96 0,77
Overall 47,15 36,15 -151,67 39,92 2436,63 17,87 876,42 29,93 16,57 -109,97 27,07 119,98 0,88 142
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Table 2
Descriptive Statistics for Daily Day-Ahead Market Prices By Year

Descriptive statistics for daily day-ahead market prices by year, both for the base and peak hours. Sample period: August 1, 2002 to May 15, 2009. The daily price is calculated as an
arithmetic average of the 24 hourly prices. The EEX publishes the daily price as the PHELIX (Physical Electricity Index) Base.

Base Peak
Year Mean Std.Dev. Minimum  Median Maximum Skewness Kurtosis Mean Std.Dev. Minimum  Median Maximum Skewness Kurtosis
2002 22,98 8,22 347 22,89 49,77 0,19 0,09 29,36 11,33 414 28,88 75,40 0,47 105
2003 29,49 13,07 312 29,05 163,46 3,78 32,58 37,00 21,44 0,80 3524 277,64 521 48,71
2004 28,52 6,53 12,06 29,38 46,61 -0,37 0,03 33,99 8,56 11,79 35,12 60,17 -0,13 0,00
2005 4598 18,42 13,56 42,37 145,97 2,47 9,15 56,00 28,55 16,03 49,62 226,33 2,97 12,12
2006 50,79 24,50 13,98 46,86 301,54 4,42 36,69 63,81 40,98 17,42 57,74 543,72 6,45 63,49
2007 37,99 19,90 580 32,71 158,97 2,38 7,98 48,75 30,76 6,76 41,00 248,38 2,77 11,11
2008 65,76 18,12 21,03 65,71 131,40 0,26 0,21 79,43 24,24 21,54 76 86 177,49 0,56 047
2009 4235 13,22 13,00 39,46 86,36 0,80 0,84 49,76 16,81 19,75 4498 114,63 111 154
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Table 3
Descriptive Statistics for Block Contract Market Prices

Descriptive statistics for block contract market prices. The second table contains the descriptive statistics for the corresponding (synthetic) block contract prices in the day-ahead market.

Sample period: August 1, 2002 to August 31, 2008. The weekend base contract series starts in November 2002. The peak contract series on non-working days consists of 14 observations.

Block Contracts

Working Days Non-Working Days
Mean Std.Dev. Mnimum Median Maximum Skewness Kurtosis Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis
Base 47,70 22,56 12,00 40,31 179,33 161 4,25 28,26 14,32 5,25 24,23 66,50 0,89 -0,05
Peak 61,04 31,75 16,67 51,07 288,42 233 9,11 23,43 11,23 8,00 25,27 42,21 0,01 -0,93
Weekend Base - - - - - - - 30,56 13,23 10,68 24,75 66,88 0,69 -0,76

Day-Ahead Market Contracts

Working Days Non-Working Days
Mean Std.Dev. Mnimum Median Maximum Skewness Kurtosis Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis
Base 45,29 21,22 1240 38,98 301,54 283 19,63 28,43 12,56 3,12 25,54 80,42 0,94 0,71
Peak 57,28 32,00 1586 48,41 543,72 471 4792 32,29 14,25 0,80 28,97 86,69 0,96 0,72
Weekend Base - - - - - - - 29,56 11,63 9,24 26,04 70,95 087 0,14
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Table 4

Descriptive Statistics for Hourly Intraday Market Prices

Descriptive statistics for hourly intraday market prices, both for working and non-working days. The price of the last trade in the intraday market is used. Sample period: Septenber 25,

2006 to May 15, 2009. Overall 14700 price observations on working days and 5998 on non-working days are included.

Working Days

Non-Working Days

Hour Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis Mean Std.Dev. Minimum Median Maximum Skewness Kurtosis
1 37,75 16,74 -19,00 37,00 84,00 0,11 -0,45 34,80 15,72 -7,00 33,00 79,50 0,25 -0,33
2 33,53 16,50 -20,00 33,00 75,00 0,07 -0,37 29,86 15,85 -2,50 30,00 93,00 0,42 0,26
3 30,09 16,15 -44,00 30,00 79,00 0,11 0,56 27,63 16,17 -50,00 25,75 69,00 -0,22 169
4 2737 14,99 -10,00 25,00 70,00 0,36 -0,31 25,19 16,11 -50,00 2400 68,00 0,03 153
5 28,25 15,35 -28,00 27,00 76,00 0,28 -0,04 24,21 15,26 -30,00 2325 69,00 0,21 0,03
6 35,19 16,70 -30,00 35,00 84,00 0,04 0,23 23,48 15,72 -15,00 20,25 66,00 0,43 -0,34
7 51,46 19,97 4,00 50,00 111,00 0,15 -0,42 22,49 17,29 -35,00 20,00 80,00 0,56 061
8 69,93 28,63 12,00 69,00 330,00 1,83 13,05 28,08 18,25 -15,00 25,00 77,00 0,32 -0,47
9 76,89 33,98 16,00 72,00 400,00 2,10 14,22 33,38 19,48 -40,00 32,00 95,00 0,17 042
10 7523 33,20 21,00 71,00 250,00 1,30 3,02 42,26 20,21 1,00 40,00 105,00 0,44 -0,18
11 74,69 34,17 21,00 70,00 300,00 154 4,88 45,08 18,66 10,00 42,00 102,00 0,61 -0,08
12 7894 38,08 22,50 72,00 300,00 1,72 4,78 46,99 19,14 1,00 4400 103,00 0,56 -0,13
13 70,54 29,67 22,00 67,00 220,00 1,13 2,12 44,15 18,60 1,00 40,00 101,00 0,65 -0,12
14 67,60 28,81 15,00 65,00 210,00 111 2,12 39,62 16,82 1,00 37,00 85,50 0,47 -0,36
15 64,89 28,61 15,50 62,00 250,00 1,20 322 35,20 15,83 0,50 33,00 87,50 0,41 -0,35
16 61,51 26,87 10,00 59,00 210,00 1,06 2,23 34,08 16,44 -8,00 31,50 95,00 0,49 021
17 62,01 29,28 7,00 59,75 300,00 1,68 7,83 34,40 16,97 0,01 32,00 90,00 0,48 -0,33
18 70,09 47,62 17,15 64,00 500,00 4,44 30,22 42,39 20,08 -2,00 40,00 105,00 0,40 -0,36
19 7347 45,50 5,00 69,50 500,00 3,88 27,50 48,71 22,33 6,00 4850 142,00 0,63 0,60
20 66,96 30,70 17,00 65,00 270,00 1,40 4,72 49,18 22,39 1,00 48,00 125,00 0,70 041
21 5847 24,32 1,00 58,00 190,00 0,90 1,70 44,67 18,74 10,00 4323 113,00 0,64 024
22 52,27 19,59 17,00 52,00 129,00 0,53 -0,01 41,88 16,87 -5,00 40,90 80,50 0,16 -0,69
23 50,18 19,80 16,00 48,50 199,00 0,93 4,00 42,87 18,74 5,00 40,00 96,00 0,42 -0,66
24 41,76 16,83 500 40,00 149,00 0,70 1,82 35,83 15,86 1,00 34,00 76,00 0,40 -0,67
Overall 58,12 32,85 44,00 53,00 500,00 2,29 16,50 37,20 19,75 -50,00 35,00 142,00 0,50 045
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Table 5
Risk Premia in Block Contracts

Risk premia in block contracts. The first table contains results for working days, the second for non-working days. ***, **

and *indicate significance atthe 1, 5 and 10 % level; the Newey-West estimator is used to obtain robust standard errors.

Working Days

Mean Std.Dev. Minimum Median Maximum Skewness  Kurtosis

Base 0,79* 11,34 -13154 0,64 128,94 -182 64,17
Monday 2,11% 6,19 -34,26 1,41 36,01 0,28 12,84
Tuesday 0,03 16,69 -126 46 0,81 128,94 -1,27 41,19
Wednesday 1,12* 957 -60,76 0,69 65,09 164 26,05
Thursday -0,17 11,52 -13154 0,27 43,39 -6,66 80,04
Friday 1,21* 8,96 -33,11 0,40 69,01 3,93 30,12

Peak 1,55** 20,37 -25530 1,51 190,45 -3,74 68,54
Monday 3,410 11,60 -56,69 2,00 69,24 0,87 12,32
Tuesday -0,16 30,14 -230,31 2,24 190,45 -344 37,42
Wednesday 1,53 15,53 -11571 0,99 134,28 0,96 37,83
Thursday 0,44 21,66 -255.30 0,29 75,63 -700 86,74
Friday 3,15% 15,29 -52,40 1,62 126,72 4,80 39,40

Non-Working Days

Mean Std.Dev.  Minimum Median Maximum  Skewness  Kurtosis
Base 0,08 343 -12,80 -0,21 1294 0,27 1,70
Saturday -0,22 3,79 -12,80 -0,45 10,12 -0,09 0,81
Sunday -0,07 2,26 -5,56 -0,25 8,18 0,51 1,33
Weekend 0,12 311 -7,06 -0,09 10,62 0,61 1,01
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Table 6
Risk Premia in Day-Ahead Market Contracts

Risk premia in day-ahead market contracts. ** ** and * indicate significance at the 1, 5 and

10 % level; the Newey-West estimator is used to obtain robust standard errors.

Working Days Non-Working Days

Hour Mean Median  Std.Dev. Mean Median  Std.Dev.
1 1,83 2,80 8,93 4,964+ 4,34 9,82
2 0,6 133 11,08 3,04+ 4,08 10,81
3 0,91%* 2,12 9,68 2,26%* 2,50 10,50
4 063 153 10,06 11 1,09 10,69
5 1,32+ 2,04 10,65 1 1,56 10,60
6 3,054+ 4,08 9,62 1,41 1,03 10,73
7 -1,26% -0,76 1184 =273 -175 11,85
8 1,7% 198 15,78 154 031 11,83
9 419 2,98 16,55 1,99%* 2,04 10,91
10 -1,55% -0,88 14,63 0,72 1,05 10,48
11 1,02 124 19,59 1,52% 0,94 9,62
12 3,614+ 2,17 2593 3,21+ 2,94 10,00
13 2,374 1,99 1645 3,10 2,06 10,26
14 2,47+ 2,04 16,21 2,17+ 1,91 10,15
15 1,96%%* 193 15,18 1,74+ 1,23 9,29
16 11% 1,06 13,78 -0,1 0,59 10,09
17 -0,27 0,39 16,17 057 1,14 9,37
18 022 -0,48 28,51 0,88 0,73 11,56
19 327 -0,54 97,64 108 1,04 11,85
20 -0,38 0,38 1841 1 0,66 12,39
21 2,58+ 2,05 12,80 1,71 0,88 11,41
22 -0,03 0,09 10,19 1,39 1,87 11,34
23 -1,13% -0,26 10,75 2,05% 1,83 11,56
24 -1,14% 0,71 9,37 111 1,01 10,25
Overall 0,8+ 0,76 26,02 1,400 1,37 10,82
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Table 7
Risk Premia in Day-Ahead Market Contracts By Delivery Month

Risk premia in day-ahead market contracts by delivery month. The estimated risk premia are shown for three blocks of hours on working days.

»x * and * indicate significance at the 1, 5 and 10 % level; the Newey-West estimator is used to obtain robust standard errors.

Base Peak Off-Peak

Mean Median  Std.Dev. Mean Median  Std.Dev. Mean Median  Std.Dev.
January -1,98* -0,09 16,22 -2,9%* -0,68 19,20 -0,88 042 11,66
February 0,67 1,17 10,21 0,36 096 10,78 1,05* 1,72 9,45
March -0,1 -0,19 9,16 -0,53 -0,11 9,69 0,41 -0,35 8,47
April 0,58 0,93 14,06 0,54 1,05 16,81 0,62 0,78 9,85
May 0,55 0,90 13,45 1,17 042 14,40 -0,15 1,04 12,26
June 331 2,03 17,51 457 2,63 21,53 1,77+ 1,10 10,55
July 1,38 2,95 15,90 -0,23 254 19,78 3,250 3,58 9,28
August 1,6%+* 1,65 9,28 0,51 0,78 9,58 2,88 2,99 8,76
September 0,96 0,84 15,10 0,61 0,36 18,25 1,35 153 10,42
October -0,06 -0,78 20,38 0,2 -1,16 23,82 -0,36 -0,24 15,18
November 2,33 0,03 69,60 4,48 -0,02 93,58 -0,24 0,28 11,47
Decemeber 1,82 1,20 23,05 29 1,13 28,47 0,43 133 13,00

36



Table 8
Term Structure of Risk Premia

Term strucutre of risk premia. The risk premia are estimated with the last price on the intraday market on working days. ***, ** and

indicate significance at the 1, 5 and 10 % level; the Newey-West estimator is used in order to obtain robust standard errors.

Block Contracts Day-Ahead Contracts
Mean Median Std.Dev. Mean Median Std Dev.
Base 1,60 1,62 11,63 042 1,16 947
Peak 3,04%% 1,92 18,10 1,76 1,04 15,17
Off-Peak 0,07 0,55 6,73 033 0,37 536
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