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Retrieval Probabilities of Secondary Control
Reserve within Systems with a High Share of

Renewable Energies
Philipp Hanemann, Thomas Bruckner

Abstract—In this paper, empirically determined retrieval prob-
abilities for control power are investigated. Since there is a
continuous need for balancing unscheduled deviations of supply
and demand, control power is of very high importance for the
stability of the power system. Systems that are characterized
by a high share of intermittent energy feed-in are especially
effected. Since the market conditions have an influence on bidding
behavior, those who are participants in the balancing market have
an interest in gaining information about the activation of control
power. Though the magnitudes have been changing over the last
years, there are clear time dependent patterns.

Index Terms—Control power, retrieval probabilities, frequency
control, power system economics

I. INTRODUCTION

THE security of supply requires balance between power
input and output at every point in time. This is

supported by schedules of supply and demand. Because of
inevitable deviations in consumption and production, the
balance differs more or less continuously from the required
power equilibrium. This is represented by a frequency of
50 Hz in the European grid. Therefore, the transmission
system operators (TSOs) reserve positive and negative
energy capacities that can be activated if needed. Entso-E
differentiates these balancing reserves according to their
activation time in primary, secondary, and tertiary control.
Primary or containment reserve (PR) will be activated within
the whole balancing area if absolute frequency deviations
exceed 200 mHz. Frequency restoration then will be given
by secondary reserve (SR). Finally, SR is replaced by tertiary
reserve (TR) [1]. In case of under supply, positive control
power is deployed vice versa negative control power.

The most important factors that cause imbalances are
power plant outages, forecasting errors of the demand and
feed-in of wind and solar energy. Since renewable energy
resources such as wind and photovoltaic are volatile by
nature, balancing becomes an increasingly important topic
in systems with a rising share of intermittent renewables.
The market design is also of importance because it effects
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the reservation and the activation. While market issues and
reservation issues are already discussed in the scientific
literature research concerning the activation of control power
is still very incomplete. Therefore, to shed some light on this
topic will be the task of the actual work.

In the next section, basics on frequency control are provided
including the classification, dimensioning and market issues.
Also revealed is the importance of detailed knowledge about
activation properties.

In section III the method for determining probabilities of
empirical activation is introduced. Section IV deals with the
empirical results.

II. CONTROL POWER BASICS

A. Dimensioning

Dimensioning of control power can be carried out by
deterministic and probabilistic approaches. The total amount
of PR within the European balancing area is determined to
3000 MW [2], [3]. This amount is distributed to each country
according to its maximum load share.
The dimension used for secondary reserve differs across the
control areas. Proposed by the UCTE convention scheme [1]
is a minimum amount of

PSR = ±
√

a · Pmax + b2 − b

where Pmax is the maximum anticipated load and a =
10MW and b = 150MW are empirically found parameters.
In contrast, the probabilistic approach, also known as Graf-
Haubrich-procedure, includes additional influence factors be-
yond just consumption. This seems to be reasonable regarding
an increasing share of renewable energies which imposes
additional flexibility constraints on the power system. Within
this approach, the amount of balancing reserve is based on
an accepted deficit level or level of security respectively. It
accounts for the number of hours per year where the bal-
ancing reserves should be on average sufficient for occurring
imbalances. Initially, this was set to 99.90 % [4]. It has been
increased to 99.95 % [5]
The probabilistic approach is carried out as follows: at first
influence factors that are responsible for imbalances must be
identified. Then, their respective empirically found probability
density functions concerning the absolute imbalances between
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planned and actual schedules are convoluted to an overall prob-
ability density function. Its respective confidence intervals,
which are given by the deficit level determine the absolute
amount of balancing reserve. If only SR reserve influencing
factors are included, the respective amount is calculated. The
amount of TR is calculated indirectly. At first, a total amount
of balancing reserve is calculated, including all control power
influencing factors. Subsequently, the previously determined
amount of SR is subtracted. Research regarding Germany has
been done by [4]–[7]. Research regarding the European system
has been undertaken by [8] and [9].
Generally speaking, it is the absolute deviation from planned
schedules that leads to the need for control power. Taking
this into account, it becomes obvious that schedule leaps also
increase the need for balancing power. Figure 1 depicts this
schematically. Schedule refers to the required power and real-
time to the actual delivered power due to physical feasibility. In
consequence, the total needed balancing energy as difference
between schedule and real-time increases with the steepness
and height of the schedule ramps.

Fig. 1. Impact of ramps on employed control power

B. Retrieval

Because only net imbalances are relevant, it is also possible
that some factors oppose each other and thus cancel each
other out, which occurs more often in larger systems. To
exploit this potential, the four German TSOs merged their
balancing services stepwise to the grid control cooperation
(GCC) until April 2010. By that, the reserved amount as
well as the activation of control power could be reduced
[10]–[12] either by one aggregated Merit-Order-List or
by energy netting. This has been modeled by [13], [14].
For further reductions the GCC has been expanded to the
international grid control cooperation (IGCC) which allows
foreign TSOs to participate. Furthermore, the collaboration
ensures a cost efficient activation of SR and TR by combined
merit-order-lists.

C. Market Design

Suppliers remuneration for SR and TR corresponds to the
technical procedure. That includes a payment for reservation
of power as well as for delivering energy. In contrast, PR
is remunerated only for the reservation. All services are
compensated via a pay-as-bid auction. At first, the required
capacity is auctioned to the suppliers with the lowest capacity
bids (scoring rule). Subsequently, for activation the successful
bids are sorted in ascending order by their energy bids
(settlement rule) with the exception of PR. Issues that exhibit
inefficiencies regarding the market design are discussed in
[15]. Using time series analysis, inefficiencies relating to
strategic under- and oversupply positions targeting arbitrage
opportunities between spot and balancing markets are given
in [16]. Pricing reserves analytically is shown in [17], [18].
Approaches to model the market fundamentally have been
undertaken by [19]–[21]. [20] also addresses the retrieval
deterministically based on empirical data.
Supplier with low (reserve) energy prices are retrieved
more often than these with higher prices. This is depicted
schematically in Figure 2, which illustrates an activation
merit-order consisting of five suppliers. The three time
intervals, t1, t2 and t3 correspond to different activation
amounts of control power x. Supplier one is fully activated
at t1, t3, and partly in t2, whereas supplier 3 is activated only
once in t1. Therefore, the probability of retrieval for supplier
three is lower than for supplier 1.

Fig. 2. Merit-order of energy bids and three exemplary control power demands

Providing control power influences power plant operation
and profit. Hence, suppliers do have incentives to anticipate re-
trieval probabilities and to incorporate them into their bidding
behavior. The actual market design doesn’t evaluate capacity
and energy bids simultaneously, and [22] shows analytically
how this leads to inefficiencies. Therefore, it is the purpose
of this paper to determine such probabilities for the first time.
The paper focuses on the case of SR within the GCC. TR will
not be considered since due to system design, the previous
activation of SR is a necessary condition. Furthermore, TR
activation also doesn’t solely depend on objective technical
conditions.

System participants benefit from our results in different
ways:
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1) Suppliers of balancing reserve get an understanding of
the magnitude of their expected retrieval probability.
This can be used to optimize their bidding strategies
when taking the combination of reservation and energy
bids into account.

2) The information might be used to increase security of
supply and reduction of system costs. The data reveals
those time intervals where more or less energy is needed.

III. METHODOLOGY

Assuming that the activation of control power follows
independent stochastic processes, historical retrievals can be
interpreted as probabilities. The analyzed SR data for the
GCC, which is published by the German TSOs [23] covers
the time span of July 2011 until December 2013. The data
values represent the average retrieval within quarters of an
hour. Subsequently, extreme values are underestimated. Nev-
ertheless, due to the inertia within the power system it is a
reasonable approximation.
The data will be classified regarding specific time slices.
In the following, cumulated frequencies of occurrence are
determined per MW and sorted in an increasing order. The
empirical probability P that the random variable retrieval X is
less than a specified value x is given by the following formula:

P (X ≤ x) = 1−P (x ≤ X) = 1−H(x)

n
= 1− 1

n

∑
i:ai≤x

h(ai)

where
P (X < x) retrieval probability
P (x ≤ X) cumulated relative frequency

X random variable retrieval of SR
H(x) cumulated absolute frequency

n sample size
h(ai) frequency of the realization ai

ai one specific realization of X, ai ∈ [0, xtotal]
xtotal total auctioned SR reserve

A specific point (X,P (X < x)) on the graph refers to the
retrieved amount and the expected frequency. P (X < x) = 1
then means that the expected frequency of the amount X is
100 %. On the other hand a value of 0 would mean that such
an amount is never expected to occur within the contemplated
period.

IV. RESULTS

At first, the time slices are evaluated according to the
actual auction design. Subsequently, months and single hours
of working and non-working days are considered as well as
national holidays. Since there is not sufficient information
on the single factors that influence the retrieval of control
power, this paper does not attempt to explain the subsequently
mentioned patterns.
Although stochastic independence is assumed, the balancing
control influencing factors rely heavily on changing parameters
such as weather. For this reason, only significant results are
commented on.
Specific data points that were used can be obtained through

the author. Using them will allow that the curves can be
approximately reproduced by interpolation without knowing
the whole data set. The data includes the values for 50, 100,
300, 500, 700, 1,000 and 1,500 MW.

A. Time sliced according to actual market design
Figure 3 illustrates the retrieval probabilities for the different

time slices according to the actual market design. It can
be seen that the retrieval probability is disproportionately
digressive compared with the amount. Furthermore, there is
a dependency on the time slice. The retrieval probabilities
differ significantly between the two weekly auctioned time
domains HT and NT. HT resembles peak-time and includes
all hours regarding working days from 8 am until 8 pm. NT
accounts for all the residual hours per week. This includes
the entire weekend and national German holidays. Hence, the
probability of retrieval is highly dependent on the suppliers
position within the retrieval merit-order. Given that there are
more than 2,000 MW auctioned at the moment in Germany, the
retrieval probability for suppliers at this position is practically
zero. In total a lot more negative reserve was used than
positive. This is valid for peak-time as well as off-peak time. In
2011, the frequency as well as the amount of negative reserve
were the highest. The highest retrieval probabilities occurred
in 2012. In total the frequency decreased over time.

Fig. 3. Retrieval probabilities according to market design Jul 2011 - Dec 2013

The following image plots are used to describe the retrieval
probabilities of further time slices. Due to space restrictions
and better readability, the used scale is only presented in
Figure 4. Red means very high retrieval probability up to one,
whereas blue is connected with a low probability up to zero.
The transition from red to blue describes a decrease of retrieval
probability. As seen in Figure 3 and quantified by the data, the
retrieval at 1500 MW is often very low at just one percent.
Therefore, the following graphs are only plotted up to this
amount.

B. Time slices of single months
Figure 5 and Figure 6 show the average retrieval probabili-

ties regarding single months. Particularly in March 2012 it can
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Fig. 4. Image plot sample

be seen that the two reserves appear to act in a complementary
manner, which is reasonable since that is their purpose of
use, and because imbalances continuously exist. Otherwise,
no unambiguous pattern is recognizable on a monthly basis.

Fig. 5. Retrieval probabilities for positive SR on a monthly basis

Fig. 6. Retrieval probabilities for negative SR on a monthly basis

C. Time slices of single hours

1) Positive working day: Empirical data shows that positive
reserve is especially retrieved in the morning hours, with a
peak occurring at 6 pm (Figure 7). If one considers the same
months, namely Jul - Dec, for all three years one would
recognize a similar afternoon peak in 2011, 2012 and 2013.
Otherwise, the structure is not significantly effected.

Fig. 7. Retrieval probabilities for positive SR on working days

2) Positive non-working day: Compared to the working
days, there is no such characteristic peak in the morning.
Instead, one occurred in the afternoon between 4-5 pm (Figure
8).

Fig. 8. Retrieval probabilities for positive SR on non-working days

3) Negative working day: As stated above, positive and
negative control power behave like complements. This is also
reflected on an hourly scale. In particular during times when
only little amounts of positive reserve were retrieved, the
highest amounts of negative reserve were retrieved. However,
as already mentioned in section IV-A, the absolute values
for negative reserve were much higher than for positive.
The highest probabilities of retrieval were connected to the
evening hours peaking at 9 pm (Figure 9). Although the pattern
remained the same, this has been dramatically reduced in the
recent past.

Fig. 9. Retrieval probabilities for negative SR on working days

4) Negative non-working day: On non-working days the
probability of retrieval was higher than on working days with
two particular differences. On the one hand, the pattern in the
evening hours was not smooth, peaking at 8 pm (Figure 10).
On the other hand, a more distinct probability existed during
lunchtime hours.

Fig. 10. Retrieval probabilities for negative SR on non-working days

5) Holidays: As can be seen in Figure 11, the average
amount of retrieved control power is even higher than on non-
working days. Negative SR reserve peaks at 9 am and 8 pm.
Positive SR peaks at 4 pm.

V. CONCLUSION

The previous work attempted to fill the gap in scientific
literature for retrieval probabilities of control power in large
power systems effected by a high share of renewable energies
in the case of Germany. It was shown that the actual demand
for control power is highly dynamic. Furthermore, the retrieval
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Fig. 11. Retrieval probabilities for SR in 2011-2013 on uniform holidays

probability is disproportionately digressive with the retrieved
amount. In the recent past, the probability for retrieval for
negative reserve was significantly higher than for positive in
the same periods. As given by the system design, positive
and negative SR behave like complements. On an hourly
resolution patterns emerge with distinct peaks around specific
hours. Additionally, there is a difference between working and
non-working days. On working days, retrieval of positive SR
peaks in the morning, while negative SR peaks in the late
evening hours. On non-working days, positive SR peaks in
the afternoon. For negative SR there was still a peak in the
evening, albeit slightly earlier and a second one around the
lunch time hours. This pattern of non-working days is still
more exaggerated on public holidays.
For further use the results can be approximated with specific
data points that can be obtained from the author.
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