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Abstract—Control reserves are usually sized statically whit
means there is a fixed amount of reserves for a Igrperiod. In
reality the demand for frequency control fluctuatesstrongly.
For this reason a dynamic method for the sizing otontrol
reserves for the following day should be developetthat could
be used in Germany already today. In this paper alpossible
imbalances are classified. Afterwards the influence on the
probability density functions of the different clases of
imbalances are analysed. The identified factors wilbe the
base for the new sizing method as they are crucidbr the
demand for frequency control. Additionally the stodastic
independence of forecast errors and fluctuations aund this
forecast error is examined which is a prerequisitefor the
convolution of two probability density functions which will be
preferably used for the new method.

control reserve, dynamic sizing, frequency control,
secondary control, tertiary control, wind power forecast,
photovoltaics power forecast, power plant outages, forecast error

. INTRODUCTION

June, September and December) for the next threghso

considering data from the last four quarters. Tisans that
there is always a fixed amount of reserves foretimenths.

In reality the demand for frequency control fludesa
strongly over time. For this reason there is armreasing
effort to size control reserves dynamically, e.g.adaily
basis for single hours of the following day. Thare some
research projects that have proposed methodsdgnamic
sizing of control reserves but most of these ptejémcus on
future situations [2, 3]. In the projecDynamische

Bestimmung des Regelleistungsbedarfs we are developing a
method that focuses on Germany and should be @seabl

already today.

For the sizing of control reserves according to @raf
Haubrich method probability density functions
imbalances due to different reasons (load foreeasir,
power plant outages, etc.) are convoluted to a gimtity
density function that represents the probabiliies the
occurrence of a certain imbalance. Afterwards gedaficit

For a secure grid operation generation and consompt and surplus probabilities are applied to this pbilig

of electricity always have to be
Transmission System Operators (TSOs) are respengibl
maintain this balance. For this task they procuffergnt

types of control reserves. In the UCTE grid primeoytrol

is provided solidly by all TSOs connected
synchronous grid, irrespective whether or not thbalance
was caused within their own control area or notislt
activated locally depending on the grid frequenog has to

be activated completely within 30 seconds. Secgndar

control and minute reserve (tertiary control) aemtrally

activated by each TSO to minimize the area corgrodr

within its own control area. In Germany they haeebe

activated completely within five and fifteen minste
respectively.

Whereas the amount of procured primary controktier

in balance. Thedensity function to determine the needed reserdgsHor

the static sizing the probability density functioo the
whole training period are determining. For a dyragikzing
of control reserves only the periods are intergstihat

to therepresent situations that are equal or similahéosituation

that is expected for the sizing period. Therefoiis crucial
to know what the influences on the different imbaks are.

In this paper all occurring imbalances will basdified.
Based on this classification the factors influegcithe
probability density functions of these classes wik
identified. Finally the stochastic independence tok
different probability density functions, which is
prerequisite for convoluting, is analysed.

Il.  CLASSIFICATION OF CAUSES FOR IMBALANCES

whole UCTE synchronous area is determined by the The schedules that are created by the balancensibfm

maximum instantaneous power deviation which israefito
be 3000 MW, the sizing of secondary control resexrnd
minute reserve is up to the single TSO [1]. In Gamnthe
probabilistic Graf Haubrich method is used to sikese
reserves. The sizing is done every three monthérch,

This Paper is sponsored by the proeghamische Bestimmung des

Regelleistungsbedarfs (promotion index 0325610) funded by the German
Federal Ministry for Economic Affairs and Energy.

parties and sent to the TSOs always have to bedsda If
all balance responsible parties would stick torteehedules

for

a

there would be no imbalances and no need for dontro

reserves. Obviously this is not the case. Henceiatiens
from the schedules are the reason for the activatib



control reserves. These deviations can be cladsifig In the following all classes of schedule deviatirils be
various criteria. analysed according to the availability of data dactors

One classification is the period that these dewisti :c?:)lrl:]eg&nzg the occurrence. All data used in thaper is

cover, respectively which type of control resersaused to

balance them. The first class called forecast gicovers the A. Forecast errors

mean deviation from the schedule respectively trecast The forecast error, which is the sum of all differe
within one quarter hour. As fifteen minutes cor@®p ©0  forecast errors, is represented by the fifteen teimean
the settlement period in Germany most time series Qjue of activated secondary and minute reservég. 3F
forecasts, measurements etc. are available wehtéhiporal  gpo\ws the probability density function of the fasterrors

resolution. In the same way minute reserve is amtv for i, 2012 The influences on the forecast errorsamalysed
quarter hours, so forecast errors should ideallpdlanced o each subclass in the following.

by the activation of minute reserve. The secondsctavers
fluctuations from the quarter hour mean value. €hes 005F-—-----—————

fluctuations should be balanced by secondary cbritiere,
fluctuations correspond to the deviation of eachluts
mean value within a quarter hour from the meanevaler 0.04
the whole quarter hour. Fig. 1 illustrates the emtcof -
forecast errors and fluctuations. 2
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Figure 1. lllustration of forecast errors and fluctuations.

(adapted from [4]) . . . .
Figure 3. Probability density of forecast errors in 2012.

Furthermore schedule deviations can be classified

according to their origin. They can be caused oa th 1) Loadforecasterror

consumption or on the generation side. The consampt N Germany there is actually no data for the lamedast
side is modelled by the forecast error. The geeratide  €ror available. On the one hand this is due tofélge that _
can be subdivided even further according to thee tgp for examplg the consumption of standard load mofil
generation. Wind and photovoltaic (PV) power gatien ~ customers is usually only measured once a yearth®n
is stochastic due to its fluctuating nature. Hére forecast Other hand consumption and decentralised generatign
error of the generation is the decisive factorcamtrast to ~ Photovoltaic mix up in the distribution grids, swetvertical
controllable power plants like thermal or hydro mow grid load is also no reliable indicator for the et
plants, where predicting the output is usually mobfem, consumption. However data of delta balancing groops

apart from power plant outages that occur randomly. distribution grid operators that cover a}II deviasowhich
cannot be allocated clearly can give a first climatare the

Figure 2. Fig. 2 shows the classification of schedu influences on the load forecast error. As an earfijp. 4
deviations that is used in this paper. shows the deviations of the delta balancing grodp o
— bnNETZE grid in the southwest of Germany. Positive

deviations indicate a shortage of electrical enenggative
forecast errors L
, deviations an excess.
wind
forecast errors forecast errorg It is apparent that on most days there is a shertig

(%+-h mean value) PV energy during the night hours from 10 p.m. to 6.a.m
forecast errors whereas during 6 a.m. and about 2 p.m. an excessc
__ power plant This suggests that the used standard load prafitesiot
de;"a“ons outages exactly reflect the actual consumption of standirad
schodule profile costumers. Analyses in [5] support thissike For
load this reason the time of the day and the day ofwirek
fluctuations probably influence the load forecast error.
fluctuations PV
(1-min mean value fluctuations In February there are several days that show aeragt
deviations from %a-h wind shortage of energy during the night hours and mspaven
mean value) fluctuations during the day hours. This can be explained byuthesual
power plant cold weather during those days as most standard loa

outages/rampirlg profiles do not consider the influence of the aldsi
temperature on the electrical energy consumption.

Figure 2. Classification of schedule deviations.
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Figure 4. Deviations of delta balancing group of bnNETZE.

Figure 5. Fig. 5 indicates that there is not onpoaitive
forecast error (need for positive control reseres)low

temperatures but also for high temperatures. This i

probably due to air conditioning which is also not
considered by standard load profiles.
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Figure 5. Binned frequency of forecast errors depending en th
population weighted tempearature.

Another phenomenon that affects the load foreaast e
is the so called hour step. Although balance resiptn
parties have to balance their balancing groups vierye
quarter hour they often still trade only productthva length
of one hour. Controllable power plants are abldottow
their schedule quite strictly which results in airstase-
shaped generation whereas the load increases mrades
continuously. This means that e.g. for increasoagilin the
morning hours an excess of energy occurs to thanhieg

of each hour which turns to a shortage of energyénend
of the hour. When the hour changes the situatieerses
within a few minutes, which is called the hour stem. 6
illustrates this phenomenon for the morning hourome
day. The altitude of the hour steps depends dyrextl the
load gradient. For this reason the highest hoyrssbecur in
the morning and evening hours. As one can seegn6Fi
hour steps are the dominating factor for the atitimaof
control reserves today. But it can be expectedttiet will
decline in importance as there will be quarter hmaducts
on the day-ahead market and the pressure to balance
balancing groups every quarter hour will probablg b
increased by the TSOs and the Federal Network Agenc
(Bémdesnetzagentur).
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Figure 6. Hour steps and load on"18anuary 2012.

2) Wind and PV forecast error

There is no data available for the forecast errataced
by wind and PV power generation in Germany as these
no schedules exclusively for wind and PV. On theept
hand it is not known which forecasts for the wimdl &V
power generation are used by the balance respensibl
parties. Here the meta short term forecasts form@ey
created by TenneT with lead times from 90 to 13Butas
are analysed to identify the factors that are @ériing the
forecast error.

Fig. 7 shows that the distribution of the summedrish
term forecast error of the wind and PV power geiara
highly depends on their current generation.
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Figure 7. Short term forecast of wind and PV power generation
depending on the wind and PV power generation.

But not only the level of generation is decisiveoathe
gradient of the generation influences the distidsubf the
short term forecast (Fig. 8). As the dynamic sizifigontrol
reserves is done for the following day the equivalday-
al“%ead forecasts have to be used for this purpose.

o
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Figure 8. Short term forecast error of wind and PV power gatien
depending on the wind and PV power generation.

3) Power plant outages

In Germany only data of outages of power plant$ it
generation capacity of more than 100 MW is avadlaBlut
the probability density function of forecast errorduced by
power plant outages can be assessed theoreticaily.
occurrence of outages is stochastically distributéd
determine the probability density function for foast errors
induced by power plant outages the outage probalifid
schedule of every power plant that is online in specific
situation has to be known. This information is okfyown
by the TSO for power plants with a capacity of mtran

100 MW. Therefore a probability density functioeated in
this way can only be a rough estimation.

In general the probability density function depermahs
the residual load (load minus wind and PV power
generation). A high residual load means more orpioeer
plants and thus also a higher probability for oagagdrhe
particular feature of this probability density ftion is that
it covers only positive forecast errors which inewc need
for positive control reserves.

B. Fluctuations

The definition of fluctuations used in this paper
corresponds to the deviation of the one minute mdime
of activated reserves from the fifteen minute mealue.
Fig. 9 shows the probability density function df aimmed
fluctuations in 2012.
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Figure 9. Probability density of fluctuations in 2012.

1) Load, wind and PV power oscallations

There is no data available regarding the fluctustio
caused by load, wind and PV power as the settlensent
made only quarter-hourly. This means that most
measurements are also only mean-values for ongequar
hour. For this reason only the influences on theread
fluctuations can be analysed. It can be expectad ttre
fluctuations on the one hand consist of a purehsistic part
which depends on the level of the load or the wind PV
power generation. On the other hand there areufiticins
that result from the same effect like the hour step
(chapter Il. A. 1)), only adapted to quarter hoass the
settlement period in Germany is fifteen minutesr fuas
reason one can expect that the distribution oftdlakions
also depends on the gradients of the load and theé and
PV power generation. If all these gradients haymsitive
respectively negative value the fluctuations causeavind
and PV act accumulatively whereas the fluctuaticenssed
by the load gradient act contrarily. Fig. 10 shahat the
distribution for a sum of all gradients of about@é quite
narrow and spreads significantly for high negatiaed
positive sums of the gradients.
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2) Power plant outages and ramping

The fluctuations caused by power plants can only be
assessed theoretically. Here power plant outagesotitur
within the considered quarter-hour and fluctuatioassed
by the ramping of power plants due to a changeha t 0.8
timetable would have to be considered. Thereforexpect
the fluctuations induced by power plants to dependhe
residual load respectively its gradient. But thiuence of
power plant outages and ramping on the fluctuatisns
probably small. Therefore no further analysis igied out
here.

0.6

data quantiles

0.4

Ill.  STOCHASTIC INDEPENDENE OF FORECAST ERRORS
AND FLUCTUATIONS 0.2

A prerequisite for the convolution of probabilitembity
functions is their stochastic independence. Asetligronly

reliable data available for the summed forecastrerand 0 0.2 0.4 0.6 0.8 1
the summed fluctuations the following analyses $esuon theoretical quantiles

the stochastic independence of their probabilitysitg

functions. - original probability density function

For a first check the probability density functicofsthe ¢ convoltion of forecast errors and fluctuat

convolution of all summed forecast errors and fiatibns Figure 12.Q-Q-plot of the convolution of forecast errors diudtuations

and the original probability density function arengpared compared to the original probability density funati
(Fig. 11). In the case of stochastic independencth b
functions would match perfectly. This is obviousigt the IV. CONCLUSION AND OUTLOOK

case as the original probability density functicas lgot a
peak for values slightly greater than zero whichnca be
found in the probability density function of thensmlution.
The Q-Q-plot (Fig. 12) confirms the expression, ibwlso
shows that the main differences occur for the neiddl
guantiles. The low and high quantiles match quigdl.\W his
means that the convolution of both probability digns
functions is strictly speaking not allowed but nimeya good
approximation when only the low and high quantilekich
are crucial for the sizing of control reserves,@nsidered.

All possible schedule deviations that induce a nfeed
control reserve activation have been split int@daist errors
and fluctuations. Afterwards they have been cleskif
according to their origin (load, wind power, PV pawor
power plant generation). It has been found thatnfmist
subclasses no reliable data is available. Nevextket could
be analysed what the influencing factors for thifedint
deviations are. The factors that are influencing fitrecast
error are:

e Time of the day and day of the week

e Load and its gradient

e Temperature

e Generation of wind and PV power and their
gradients

e Residual Load



The main influences on the fluctuations are:

* Load and its gradient
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Stochastic independence of the probability density
functions of all summed forecast errors and fluttues has
been analysed and it has been shown that thesalpiith [
density functions are strictly speaking not stotibaby
independent and so cannot be convoluted. But thp]
convolution may be a good approach when only lod an
high quantiles are considered.

For this reason we will develop, implement and test  [3]
different approaches. In the first approach prdisioi
forecasts for the forecast error and the fluctuetifor every
quarter hour are made. Then these probability fanstare 4]
convoluted to one probability density functiontte second
approach this probability density function will bee direct
result of the probabilistic forecast. Afterwardsieficit and
surplus probability will be applied to determines theeded
reserves.

(5]
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