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Abstract
Within the scope of this work the public available
measured data of the German TSO's are analyzed
by stochastic time series methods. The main focus is
on the following data types of the period 2010-2015:
load, cross-border flows, infeed of photovoltaics and
infeed of wind energy. The available data however
are different in their format and textually structure.
After the completion of data preparation and plausibility checks, the analysis of time series can be performed by disassembling the time series in their
components: trend, season and random process.
This procedure is used for all single year measurement series and measurement series for the whole
period. Based on this procedure the forecast of the
of time series in 2030 were made. Finally, the predicted time series are checked and compared with
other studies.
This methodology offers an interesting way to evaluate data and generate forecasts for several years to
support the system design in electrical energy systems.

This empirical form has to be described by a theoretical
model to extract all information the series contains. For
this purpose, a time series can be considered as one
possible realization of a stochastic process, which is
defined as a sequence of random variables Y1, Y2, …,
Y N.
With the three types of the classic model of components (eq. (1.1-1.3)) the stochastic process is divided
into trend Tt, season St and random process εt, which is
represented by a white-noise-process [3].
As in [3] described, equation (1.1) shows the additive
model, where the components are linked with a summation. This model fits for time series, which present
a trend and a continuous season, for example Fig. 1.
𝑌𝑡 = 𝑇𝑡 + 𝑆𝑡 + 𝜀𝑡

Fig. 1

I.

Introduction

Within the change of the German power supply system
and the growing number of decentralized power plants
is the analysis and evaluation of information about the
power network more importantly for future grid planning. The time series analysis is a good approach to get
trends for the consume and power supply development
and do forecasts for prospective years. Hereby measured data of the power system are used to extract the
information with the mathematical methods of the time
series theory, which are also used in other scientific
fields.
The purpose of this work is to show a way to apply this
time series analysis in the German electrical energy
system based on measured data of the German transmission system operators.

II.

Theoretical Background

With [1] and [2], time series are defined as a sequence
of values y1, y2, …, yN with the set T = {1, 2, …, N}
including the dates.

(1.1)

Example for a time series, where the additive model can be used

The quasi multiplicative model (eq. (1.2)) describes a
time series, which shows a trend and a season, that gets
major peaks with increasing level. Fig. 2 illustrates
such a measurement series.
𝑌𝑡 = 𝑇𝑡 ∙ 𝑆𝑡 + 𝜀𝑡

Fig. 2

(1.2)

Example for a time series, where the quasi
multiplicative model can be used

The third type is the multiplicative model. The difference between the quasi multiplicative model is that the
random process εt in Equation (1.3) is also multiplied.
That causes a bigger dispersion in the measured series,
while the peaks are growing up (see Fig. 3).

𝑌𝑡 = 𝑇𝑡 ∙ 𝑆𝑡 ∙ 𝜀𝑡

(1.3)

Fig. 3

Example for a time series, where the multiplicative model can be used

III.

Data Preparation and Plausibility Checks

With §17 StromNZV the German TSO’s are obligated
to publish determined measured data on their web-sites
[4]. For further investigations, the main focus was set
on the four available data types within the period 20102015: load, cross-border flows, infeed of photovoltaics
and infeed of wind energy. In the wind data of TenneT
there is an additional determination in wind onshore
and wind offshore. These data sets have some kind of
differences in format and textually structure for each
TSO. First aspect is that not every data type is published for the period 2010-2015. Second aspect is that
50Hertz and Amprion are providing their data in yearly
measurement series, TenneT and TransnetBW in
monthly measurement series. Further there are also differences between TSO’s data in considering the time
shift from summer time to winter time and the other
way around. Finally, each TSO documents the crossborder flows in different ways [4-7].
All these arguments show the need for data preparation
and plausibility checks. So, all data are rewritten in
form of yearly time series: the time shifts are considered in each data file and the cross-border flows for
each TSO are summed to a total flow.
In later implementations, it is also necessary to determine substitute values for data gaps and outliers by interpolating them with surrounding values. Especially
the measurement series of the load had many data gaps.
Fig. 4 shows Amprion Load 2010 with the original data
set and Fig. 5 the time series after replacement value
creation.

Fig. 4

Amprion Load 2010 with original data set

Fig. 5

Amprion Load 2010 with substitute values

To predict the time series for later years it’s necessary
to build time series including values of the whole period 2010-2015. With these composed measurement
series it is then possible to see long-standing trends.
Fig. 6 shows the distribution functions per year of Amprion load for the period 2010-2015. It’s visible, that
the Amprion load curves shift from 2010 to 2015 to
lower values.

Fig. 6

Distribution functions of Amprion load
curve for the period 2010-2015

Time Series Analysis

IV.

In the next step the analysis of the time series can start.
At first the trend component is determined with simple
moving averages. In this method, the arithmetic mean
of sections with equal lengths d is calculated and the
(𝑑+1)
temporal center of sections 𝑠 +
is referred, like in
2
[3] shown.
1

𝑦(𝑠+(𝑑+1)) = ∑𝑠+𝑑
𝑡=𝑠+1 𝑦𝑡
2

𝑑

(3.1)

Second the trend component is subtracted from the
component model and the season component is determined in followed steps:
1.
2.
3.

All dates, that are repeating after one season,
are collected in one line of a matrix.
For each line the arithmetic mean value is calculated.
The average values are combined to a new
time series and are centered to zero.

V.

Forecasts for the year 2030

In the last step time series are predicted for the year
2030. The forecast is carried out with the Holt-WintersAlgorithm in additive form (eq. (4.1a)-(4.1d)) or in
multiplicative form (eq. (4.2a)-(4.2d)), which are presented in [1]. In this work the additive Holt-WintersMethod was used for the load, however for the infeed of photovoltaics and wind energy the multiplicative method was utilized.
𝐿𝑡 = (1 − 𝛼)(𝐿𝑡−1 + 𝑏𝑡−1 ) + 𝛼(𝑦𝑡 − 𝑆𝑡−𝑠 )

(4.1a)

𝑏𝑡 = (1 − 𝛽)𝑏𝑡−1 + 𝛽(𝐿𝑡 − 𝐿𝑡−1 )

(4.1b)

𝑆𝑡 = (1 − 𝛾)𝑆𝑡−𝑠 + 𝛾(𝑦𝑡 − 𝐿𝑡 )

(4.1c)

𝑦̂𝑡,ℎ = 𝐿𝑡 + ℎ𝑏𝑡 + 𝑆𝑡+ℎ−𝑠

(4.1d)

𝐿𝑡 = (1 − 𝛼)(𝐿𝑡−1 + 𝑏𝑡−1 ) + 𝛼(

𝑦𝑡
𝑆𝑡−𝑠

𝑏𝑡 = (1 − 𝛽)𝑏𝑡−1 + 𝛽(𝐿𝑡 − 𝐿𝑡−1 )
𝑦𝑡

)

(4.2a)
(4.2b)

𝑆𝑡 = (1 − 𝛾)𝑆𝑡−𝑠 + 𝛾( )

(4.2c)

After subtracting the season component from the remaining time series, the random process remains.

𝑦̂𝑡,ℎ = (𝐿𝑡 + ℎ𝑏𝑡 ) ∙ 𝑆𝑡+ℎ−𝑠

(4.2d)

In Fig. 7 the disassembly of a time series for the Amprion load curve in the period 2010-2015 is shown. In
the top left corner the original time series is represented, in the top right corner the trend component, in
the bottom left corner the season component and on the
bottom right corner the remaining random process.

𝐿𝑡 represents the Level, 𝑏𝑡 the slope and 𝑆𝑡 the seasonal component of the measurement series. The
forecasted series is calculated by the summary of
the three values with ℎ-steps in the future. With the
parameters 𝛼, 𝛽 and 𝛾 the Holt-Winters-Method
can be optimized by minimizing the difference be-

Fig. 7

tween predicted series and original series. For this
procedure it is possible to make forecasts within the
period 2010-2015 and compare it with the measured data.

Disassembly of Amprion load curve for the
period 2010-2015

𝐿𝑡

To estimate initial values for the parameters, the
structure of the time series is essential. If the time

series has a low trend, then β should be set with a
low value. Has the time series seasonal fluctuations,
which are each year very similar, the γ parameter
should also start with a small value. α has to be chosen small, if past values should be included to calculate the level of the time series in the forecast.
Within the scope of this work a prediction for time
series of the year 2015 was done from time series of
the year 2011 and the forecasted data were compared with the original data from the year 2015.
The initial values of level, trend and season are
given with followed equations (4.3a-4.3d), as in [3]
described:
1

𝐿𝑡 = ∑𝑠𝑡=1 𝑦𝑡

(4.3a)

𝑏𝑡 = 0

(4.3b)

𝑠

𝑆𝑡 = 𝑦𝑡 − 𝐿𝑡
𝑆𝑡 =

𝑦𝑡
𝐿𝑡

(additive)

(4.3c)

(multiplicative)

(4.3d)

Fig. 9

Forecast of Germany PV for the year 2030
(35040 Time Steps)

If you want to do forecasts with special goals in the
future, e.g. 15 GW Wind Offshore in 2030 set from
the government, is it possible to use another form of
the Holt-Winters-Algorithm than the additive and
multiplicative form. For orientation are the points of
current and future power helpful to describe a special function, which describes the development better than the additive or multiplicative form. A way
to find out the suitable function is for example the
regression analysis.
Fig. 8 and Fig. 10 show the time series of PV/Wind
infeed from whole Germany for the year 2015, Fig.
9 and Fig. 11 their forecasts for the year 2030. By
comparing the measured series from the year 2015
with the predicted series for the year 2030, it is
clearly visible, that the infeed of PV/Wind and the
difference between summer and winter time is
much greater.

Fig. 10 Time series of Germany Wind for the year
2015

Fig. 11 Forecast of Germany Wind for the year
2030 (35040 Time Steps)

Fig. 8

Time series of Germany PV for the year
2015

VI.

Plausibility Checks of the forecasted Time Series

To validate the predicted time series for the year
2030, a comparison with other studies and forecasts for this year is performed. For best plausibility
checks the Scenario B of the network development
plan (NEP) of the German TSO’s is considered.
The values of NEP for installed photovoltaic (56.3
GW) and wind (88.8 GW) power are in the same
range as the installed photovoltaic (59.4 GW) and
wind (91.9 GW) capacity of the predicted time series [8]. The values of the time series forecast are
given as the infeed of PV and wind, so they have to
be converted in installed capacity to compare it
with the NEP values. The converting factor for PV is
0,7 and for wind 0,8, which were determined with
the ratio of maximum infeed and installed capacity
from the asset master data of the period 2010-2015
[9]. To calculate the installed capacity, the infeed
values have to be divided with the converting factor.
In Fig. 12 the time series of the residual load for Germany in the year 2030 is illustrated. This load curve
results by subtracting the wind and PV feed from
the load (𝐿𝑜𝑎𝑑 − 𝑊𝑖𝑛𝑑 − 𝑃𝑉). Fig. 13 shows the
distribution function of the residual load. It demonstrates, that the consume of Germany is covered for
0.13 ∙ 8760h = 1140h of the year 2030 only by
wind and PV Power Plants.

Fig. 12 Residual load curve for Germany in the
year 2030 (35040 Time Steps)

Fig. 13 Residual load curve for Germany in the
year 2030 – Distribution function

VII.

Conclusion

Due to the application of time series analysis methods
in other scientific fields there is a solid basis to integrate it in the electric engineering. This statement can
be confirmed with the results of this work. The used
data was the public available data of the German
TSO’s. Four types for the period 2010-2015 were extracted from their homepages: load, cross-border
flows, infeed of photovoltaics and infeed of wind energy. Due to the differences the data is provided, there
were several data preparations and plausibility checks
required. After that the analysis of the time series could
be done. With the disassembly in their components the
trend and the season of the data type easily could be
determined. Based on the Holt-Winters-Algorithm the
forecasts for the year 2030 were possible. By comparing the forecasts and the residual load of the year 2030
with the NEP study, it was possible to verify the predicted time series.
The comparison showed that the forecasted data was in
the range of the results from other studies, but instead
of individual data like maximum of installed capacity
or load, the time series analysis gives a series for a
whole period back. So, in future this method offers an
interesting way to evaluate data and generate forecasts
for several years to support the system design in electrical energy systems.
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