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This article highlights current issues related to the problem of variability of wind power generation, which is becoming increasingly
important as wind power’s contribution to the overall energy balance of many countries grows. Various aspects of wind flow volatility,
including its random and deterministic components, are considered. The random component is associated with unpredictable changes in
wind speed and direction, while the deterministic component is due to known patterns, such as daily and seasonal variations. The article
proposes different methods for levelling the stochasticity of wind power flows. This is important for the stability and reliability of the
power system, as it reduces the likelihood blackouts and ensures a more even distribution of load. The article also gives examples of the
economic and environmental impact of using the proposed methods.
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Reliable operation of the energy system is the most
important task for the normal functioning of all economic
sectors and human life, which is ensured by a constant
balance between electricity production and consumption.

In order to maintain a constant balance between
electricity production and consumption, it is necessary to
have an appropriate range of flexible tools to regulate the
imbalance: hot reserve thermal power, flexible power plants,
demand management, etc.

With increasing uncertainty in the power system, the
demand for flexibile tools increases, which is associated
with high costs for the power system.

One of the main factors in the growth of uncertainty is
the increase in the amount of variable generation - wind and
solar power plants.

The variability of wind speed and the energy produced
limits its use in the electricity system to some extent.
Therefore, many scientists are working on approaches to
predict the output of wind power plants in order to know the
arrival of wind energy in advance [Kamran, 2023]. As the
forecast horizon lengthens, the forecast error increases.

In order to accurately model the arrival of wind energy,
taking into account the stochasticity in the areas for which
there is insufficient initial statistical information, it is
necessary to determine the distribution of wind speeds over
time by gradation and height [Zubakin, Kovshov, 2015].

The variability of the earth’s surface roughness
requires wind monitoring for at least one year prior to the
construction of a wind farm in order to assess the main
statistical parameters of the wind flow in the area where
the station is located. At the same time, the accumulated
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data from one year of wind monitoring must be extrapolated
for the entire expected operation time of the wind farm
using various MCP (measurement - correlation - prediction)
methods.

However, despite the stochastic nature of wind power
generation, there are several ways to reduce the negative
effects of variability in its output.

Thus, when assessing the behaviour of the wind flow
at different time intervals, it is also necessary to take into
account the probabilistic behaviour of the wind, which can be
represented in the form of a quantile forecast [Bossavy et al.,
2010] (Fig. 1).

If there is an unbiased forecast of the WPP production,
the system operator can rely on the quantile forecasts (P05,
P95) to plan the optimal reserve, which can significantly
reduce its size. Thus, the system operator can use the lower
value of the quantile forecast (P01, P05) as the guaranteed
capacity of the WPP in the future.

Another effective management of the stochastic nature
of WPPs is the integration of several WPPs into a virtual
power plant, which leads to a reduction of the forecast error
[Shuvalov et al., 2022]. At the same time, in aggregated
WPPs, the quantile forecast has a smaller range, which is
associated with a decrease in the dispersion of the total
output of several WPPs.

Contrary to popular belief, the long-term average
energy density of the wind flow, distributed by month
and by direction, presents a cyclical picture. Stochasticity
increases at smaller time intervals (hours, minutes) and is
manifested in the variability of a given local event (calm,
low/medium wind, storm). This variability is due to the

Fig. 1. Actual and forecast values with consideration of uncertainty
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Fig. 2. Time series of wind speed at the VDNKh weather station, 2012-2022
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unstable and uneven movement of the wind flow layers
caused by turbulent eddies, whose theoretical expression is
predominantly random.

Thus, by analysing the autocorrelation component of the
wind speed time series at the VDNKh (All-Union Exhibition
of Achievements of National Economy) weather station, it
is possible to determine the cyclicity in the data. The wind
speed has a significant cyclicity with a period of about 24
hours. This is due to changes in air temperature during the
day. There is also a cyclicity with a period of about 1 year
(Fig. 2), which may be related to changes in climatic
conditions. In order to assess the stationarity of the time
series, the Dickey-Fuller statistical test was carried out.
Consequently, the statistical value of the test was less than the
p-value, which indicates that the time series is non-stationary.
A time series has a time-varying mean and variance.

When considering models from the point of view of
cyclicity, the main modelled indicator is the frequency of
wind speeds F(v), which shows what proportion of the time
during the period under consideration the wind blew at
one speed or another. The annual wind frequency is often
approximated, especially in foreign practice, by the Weibull
distribution or its modified version - the Weibull-Goodrich
distribution:

= kL),

F(v)= A’C e \7
where k — shape parameter (depends on the area, generally
k =2), A — scale parameter (depends on average wind speed,
A~1.13v).

The Weibull-Goodrich distribution is the most universal

and generally accepted method for modelling wind speeds.
Many developments in the zoning of potential wind energy
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resources in Russia and individual regions have been made
using this approach.

However, knowledge of the distribution law and the
presence of high average wind speeds do not guarantee its
effective use. In the case of wind energy, knowledge of
the possible duration of lulls is of great importance. The
probabilistic assessment serves as the main criterion for the
efficiency of wind energy use. The structural characteristics
of the wind regime can be considered as weakly dependent
on the general level of intensity, i.e. in areas with significant
wind intensity long lulls can be observed, making the use
of wind ineffective. A calm is a period of so-called inactive
wind speeds, which cannot be used for energy production.
This characteristic, a necessary part of the wind energy
cadastre, is considered to be one of the most important in
assessing the prospects for wind energy use.

Therefore, assessing the cyclicity and stochasticity of the
wind flow is important to ensure the reliability and efficiency
of wind energy systems.

In conclusion, due to the dependence of wind power
variability directly proportional to probabilities and
periodicity, the use of methods to counteract the negative
effects of wind power production probabilities and correctly
identify the periodic components of wind speed time series
can improve forecast accuracy using quantile wind power
forecasting and WPP aggregation into virtual power plants.
In the short term, reducing the reserve capacity required for
the electricity grid could help to avoid the construction of
new peaking power plants in the future.

In order to implement proposals to reduce generation
stochasticity, further research is required using real data from
several power plants to obtain a quantitative assessment.
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