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Abstract—The study presents a method of taking into account the impact of wind power and load power fluctuations on
the energy storage sizing, comprised of batteries of identical capacity. To account the impact, two methods of calculating
the difference between wind power generation and load consumption were presented over some time interval: 15 and 2"
order difference methods. Each of the methods can be parameterized and non-parameterized method with and without
taking into account parameters respectively, where the parameters are: discharge current, required discharge duration,
depth of discharge, battery capacity, Peukert’s constant, discharge time from 100% capacity, ambient temperature and wind
power prediction error. Using the parameterized method compared allows to refine the value of the number of batteries.
Using the 2nd order difference method compared to the 1st order difference method can significantly reduce the required
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number of batteries.
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l. INTRODUCTION

The annually increasing level of energy consumption,
with a growth rate of about +1.4%/year from 2010 to
2019 [1], and the limitations of relatively cheap energy
sources such as uranium and oil highlight a pressing
situation. For example, the planet's uranium reserves for
nuclear power plants, estimated at around 4 million tons
for nuclear power plants, along with oil reserves, are
projected to be depleted in 25 to 30 years [2]. This situa-
tion underscores the importance of decentralization and
diversification of existing sources and leads to necessity
for the development of renewable energy. Wind tur-
bines, as a part of renewable energy sources, take a sig-
nificant part in energy generation, contributing 7.5% to
the total energy production in 2022 [3], while also com-
mitting to reducing power generation carbon footprint,
but the challenge of wind turbine usage is unpredictable
nature of wind as a primary source energy is obtained.
Wind doesn't blow constantly, nor does it adhere to daily
consumption patterns. Hence crucial component of dis-
tributed generation systems with renewable energy
sources is energy storage. Energy storage acts as a buffer,
storing excess energy generated during gusty wind peri-
ods and releasing it during energy shortages, ensuring
a consistent and reliable energy supply [4]. Energy stor-
age consists of batteries of predefined capacity. With
large-sized storage system, consisting of high number of
batteries, the probability of obtaining insufficient energy
to meet the consumer’s demand decreases, but the cost
of installing such a system increases and vice versa.

Therefore, the number of batteries affects the cost and
profitability of distributed generation systems with wind
turbines [5], [6].

According to previous research [7], the number of
batteries in energy storage depends on the parameters:
required discharge current, required discharge duration,
depth of discharge, battery capacity, Peukert’s constant,
discharge time from 100% capacity, ambient tempera-
ture and wind power prediction error. In addition, energy
storage sizing depends on statistical nature of wind
power and load power, both of which can be modeled as
stochastic processes that change in time. Depending on
selected time interval and its length, different minimum
number of batteries might be required to compensate
for the difference between wind power generation and
load consumption. Thus, it is important to estimate
the energy storage sizing, consisting of batteries of equal
capacity, depending on wind power and load power fluc-
tuations, while also taking into account all the previously
mentioned parameters.

1. METHODS

A. Minimum energy storage sizing

Energy storage is used to compensate for the dif
ference between wind power generation and load con-
sumption. Since energy storage capacity C can be high,
energy storage is usually comprised of batteries of
capacity C,, hence total capacity is calculated as follow-

ing:
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C=C,-n, (1)

where: C, —single battery capacity, n — number of bat-
teries.

But available battery capacity varies depending on
parameters like ambient temperature, depth of dis-
charge and wind power prediction error that depends on
wind speed prediction error [8], Peukert’s effect and
the equation (1) doesn’t take them into account. In 1897
Peukert presented empirical equations (Peukert’s law)
dedicated to ascertaining the dependence of the battery
capacity on the discharge current in lead-acid batteries
[9]:

c, =i t, )

where Cpis Peukert’s capacity, k is Peukert’s constant

or coefficient (k=1,2...1,7), i is discharge current, and
t is discharge time.

Peukert’s constant is the same for the same battery,
but depends on the battery type, battery design and
changes as the battery ages [7]. Additionally,
the Peukert’s capacity usually is not provided by battery
manufacturers and the Peukert’s law doesn’t consider
impact of the above mentioned parameters.

In order to calculate the number of batteries depend-
ing on the parameters, a modified version of equation (1)
was used, which, when taking into account the above pa-
rameters and Peukert’s law, takes form [7]:

t (i- T)k(T)
D-1 | ¢(7)

where: n(T) — minimum number of batteries, that can

n(T)= ) , 3)

provide energy at required discharge duration t with dis-
charge current i and depth of discharge D provided
that the battery was charged to 100% capacity C, of 1

battery when full discharge time is ©, k — Peukert’s con-
stant or coefficient, T —ambient temperature.

Both battery capacity and Peukert’s constant depend
on temperature [7]:

Ca(T)=Cq - (T)
K(T)=k: kr(T)

where: C, and k — battery capacity and Peukert’s con-

“4)

stant are provided during temperature T =20 °C, ¢(T)

and kr (T) —adjustment factors for battery capacity and

Peukert’s constant accordingly, depending on ambient
temperature.

Since wind power generation vary with time, it can
only be estimated with some prediction error. When
taking into account uncertainty in wind power predic-
tion, number of batteries formula takes form:

dn=n(T)- 8p, ®)

where: §p = — number of batteries factor, taking

into account the wind power prediction error; Ap —wind
power prediction error.

Equation (5) determines the minimum energy stor-
age sizing. Total energy storage capacity can be obtained
from:

c> k)

. k(T)
(-t - c(T). 6
). ©
However, in equations (3) and (6) there are 2 aspects
that significantly reduce accuracy of the number of bat-
teries calculation:

1. it is assumed that there’s no power manage-
ment: all the energy obtained from wind tur-
bine, is stored in batteries, and all the energy in
batteries is given to the load;

2. duration t is not known in advance and it de-
pends on energy obtained from wind turbine
and energy spent to the load under specific
conditions during specific time interval.

In other words, the equations do not take into
account statistical nature of the energy that is accumu-
lated and given to the load, so to amount of energy to be
stored, need to take into account wind speed and load
power probability distributions, estimate energy produc-
tion and consumption and find the difference between
them.

B. Determining wind
and load energy difference
The cumulative distribution function F,(v) gives

the fraction of time or the probability that the wind
speed is equal or lower than v. It is defined as the inte-
gral of the probability density function [10]:

Fv(v)=J:) , (u)du. )

where: v —wind speed in m/s, f, (u) — probability den-
sity function of wind speed.

The probability density function f, indicates the frac-
tion of time or the probability that the wind speed is
equal to or lower than a given wind speed v . For exam-
ple, with Weibull distribution it is given by the following
equation [11]:

Kk v)*? vk
fv(V)=Z . expl | —7] | (3)

where: k —Weibull shape parameter, ¢ —scale parame-
ter.
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The total energy production, contributed by all possi-
ble speeds in a wind regime, available for unit rotor area
and during specific time interval may be expressed as

[12]:
En=t] Py(v)f,(v)dv. ©)
0

where: P, (v) — power curve of wind turbine, expressing

wind power at wind speed v, t —time interval.

Part under the integral represents average power at
time interval t.

The total energy consumption can also be obtained
from equation (9) by replacing P, (v) with B, (t) -load
power at time t.

Difference between energy consumption and energy

generation, called 1% order energy difference, shows
the insufficient energy AE for the load:

AE(t) =Eout —Ein
_tJQO Pouef(v)dv— tJﬁO f(P)dp
_$UJ Wtr feyee Y
_tr out m f( )dP

The wind turblne and the load are selected in such a
way that the inequation is satisfied:

AE(t)<0. (11

Ideally, the probability distributions of wind power
and load power should be equal. If they are not, their dif-
ference can be found using measures of distance
between probability density functions [13].

Further on, determining the number of batteries
involving equation (11) will be called the 1% order differ-
ence method.

To compensate for the difference between the prob-
ability distributions over a time interval t, a modified
equation can be used that takes into account the differ-
ence between the theoretical energy value and the em-
pirical or obtained energy value:

AEout =Eout _Eavg
AEj, =Ej, _Eavg > (12)
AE? (t) = AEqye —AEj,
where: AE,, and AE;,
theoretical energy value E

— the difference between
avg and the obtained energy
value from the wind power generation and load con-
sumption respectively, AE? (t) — 2" order energy differ-

ence.

Further on, AE(t)denotes the energy difference of
either 1%t or 2" order, unless not specified explicitly.

Further on, determining the number of batteries
involving equation (13) will be called the 2" order differ-
ence method.

This method is aimed to reduce temporal differences
over time between theoretical and empirical distribu-
tions of wind power and load power instead of covering
sporadical power bursts. This should be taken into
account when designing energy storage control algo-
rithm.

For simplicity of calculations E,,, wasassumedto be

equal to the average energy value over all time intervals.
In real usage scenarios, E,,, can be equal either to a

random value from the theoretical probability distribu-
tion or to a predefined value, for example, the value of
load power according to the planned load of devices.
The more accurately the values of AE,,, AE;, and

E are defined, the smaller the energy difference will

avg
need to be balanced and the smaller the required num-
ber of batteries will be. The smaller the time interval du-
ration is, the more accurately it is possible to determine
the values of AE AE;, and E but at the same

out ’ in avg ’
time the more often it may be necessary to charge-dis-
charge the batteries to adjust the planned charge-dis-
charge cycles according to possible future energy short-
ages or excess energy cases, which will negatively affect
their service life.

For the empirical probability distributions equation
of numerical integration using the Trapezoidal rule [14]
was used:

@ L,AP._; + AP,
AE=YAs =Y 2L Ay (13)
i=2 i=2

t .
where: AP, =P, . —Pp;, At; =— - subinterval; m -
m

number of subintervals.

In this case sampling rate of P,,; and P, must be

the same.

Then the total energy storage capacity £ (t) for

a particular time interval of duration t:

Eg(t)= AE(t), (14)
where: AE(t) — difference between energy consump-
tion and energy generation for empirical data for
a selected time interval t in hours.

If batteries with battery power capacity E, are

installed, then their number in energy storage system for
a selected time interval t without taking into account
depth of discharge and battery efficiency will be [15]:
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E AE
n(t)z S(t): (t) , (15)
EG EU
where: E, — battery power capacity:
E,=C,- U,, (16)

where: U, — battery voltage.

Further on, determining the number of batteries
using equation (16) will be called the non-parameterized
method or method without taking into account
the parameters.

When choosing the maximum time interval t dura-
tion while keeping inequation (12) true, it turns out that
the batteries are not needed because all the energy
imbalances are ignored. Therefore, the time interval
duration is selected in such a way as to compensate for
temporal differences or imbalances between wind
power generation and load consumption.

In the case when, for the selected time interval, wind
energy is higher than the energy required for the load,
equation (16) shows the number of batteries that allows
to compensate for the difference between wind power
generation and load consumption. Otherwise, when
the calculated number turns out to be negative, it means
that there is free energy that can be given to the grid,
and amount of the energy is equivalent to a certain num-
ber of batteries. Hence the required number of batteries
for the load balancing is equal to 0.

Aspects of the equation (16) that significantly reduce
the accuracy of battery calculation are:

1. the fact that it does not take into account
parameters from formulas (5)-(3);

2. when choosing a short time interval
the number of batteries will be unrepresenta-
tive due to the probabilistic nature of wind and
load power, and when choosing a long time
interval, the energy and the required batteries
number values increase, without taking into
account the fact that during some time inter-
vals excess energy may be accumulated with-
out "transferring" to other time intervals.

C. Number of batteries taking into account
energy difference

Operating time of the batteries can be found in
the following way:

t, = = —, (17)
Pout Uyl

where: i — battery discharge current.

Then after substituting (18) into the formula (3),
minimum number of batteries becomes:

(18)
k(T
2@ | (-
Ug-i- D- 1 C,(T)
Power capacity of the energy storage system
k(T)
Eg(t)>
(19)
U

Further on, determining the number of batteries
using formula (19) will be called the parameterized
method or method with taking into account the parame-
ters.

When calculating the number of batteries for a long
time interval ty =t- N;, it is divided into N; smaller
subintervals of duration t and for each subinterval
i=1..N; the number of batteries n;(t) is calculated

according to formula (19), constructing a data sample,
from which a certain value n(t) is selected:

n(t)< Npay (), (20)
where: n.,,, (t) — the maximum number of batteries at

any time subinterval t;.

Suppose that the wind blows constantly with a low
amplitude with oscillations and the standard deviation is
low, then the battery energy system with a selected num-
ber of batteries n(t)=ny., (t) will be responsible for

compensating fluctuations relative to the average power
from the wind turbine during each individual time inter-
val, assuming that the time intervals are independent.

The data for the calculations were taken from open
sources and processed.

D. Wind speed and load power data
processing

As an example, wind speed data were taken from
the report from Phu Yen province, Vietnam [16]. Wind
speed data are given for 5.7 years with a resolution of
10 minutes at altitudes of 40, 60, and 80 m. 55-day long
data at an altitude of 60 m were selected from the wind
speed data sets. Wind data resolution has an impact on
wind power calculations [17]. One-hour interval wind
speed data resolution is generally considered to provide
adequate accuracy [18].

Wind speed data has diurnal variations [19], there-
fore the time interval was selected to be t; =24 hours.
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For further calculations, the VE-2 wind generator [20]
with a nominal power of 2 kW at a nominal wind speed
of 8 m/s was used as a reference.

The minimum wind speed for calculations was set to
be 2.5 m/s—the minimum wind speed for stable charging
from VE series wind turbines [20]. The maximum speed
was set to be 20 m/s, at which the VE-2 wind turbine is
switched off.

Wind speed data were obtained with some gaps, so
before making calculations, lost or missing data were
reconstructed.

To preserve the characteristics of probability distribu-
tion on the whole data set and in place of gaps, a varia-
tion of filling gaps with selection was used [21]. When
using this method, the missing values are selected based
on the estimation of the data distribution. According to
[22], distribution selection has an impact on wind speed
probabilities and statistical characteristics of the recon-
structed data. Weibull distribution was used for wind
speed data, as suggested in [16].

Power at the output of wind turbine is calculated by
following equation [23]:

1
P=2Cor P A v3, 21)

where v — wind speed, p — air density, C, — power

coefficient, A=DH, D — diameter of a circle, plotted by
the most distant blades from the rotation axis, H —
height of the vertical-axis wind turbine.

Parameters of wind flow and wind wheel can be
marked as a constant factor f:

1 3 3
P,-:ECp~p-A-v =f-v. (22)
Constant factor for the VE-2 wind turbine:
P, 2
=t 20 301, (23)
v 8

Constant factor f is nonlinear, because parameters
p and C, change with wind speed [24], but for simplify-

ing the calculations it was assumed to be constant.

At an average wind speed of 5,24 m/s average wind
turbine:

P,=f-v3=391.5243=562,7W. (24)

An individual wind project can achieve an approxi-
mate 20% [25] mean absolute error [26] in day-ahead
forecasting relative to the installed wind capacity. Wind
power prediction error was selected to be 10% for
the calculations.

The load power data were taken from the active load
power of a private household in Hauts-de-Seine, France

[27]. Load power data are given for 47 months with a fre-
quency of 1 minute. 55-day long data were selected from
the data set. Average power of the load was
P+ =1091,6W .

Since, on average, the load from the data set requires
higher power than the average wind power from
the data set, the batteries will not be able to provide
the load with energy for a long time interval, so a higher
value of the coefficient f,,,=f-y was chosen for

the calculations, and the multiplier y was selected in
such a way that the equality was fulfilled: P, =P, .

The HZB12-180FA [28] series 6-cell battery from HAZE
Battery Company Ltd with a capacity C, =202 Ah during

discharge time t1=8 h and a service life of 12 years was
selected as the rechargeable battery. Depth of discharge
was selected to be 88,6%, allowing discharge to 1.7 V per
cell. For this battery Peukert’s constant was found to be
k=1,11 when temperature T =20 °C.

The processed data inserted into equations (11) and
(16) provides the 1st-order difference non-parameter-
ized method, into equations (13) and (16) — provides
the 2" order difference non-parameterized method, into
equations (11) and (19) — provides the 1st-order differ-
ence parameterized method, into equations — (13) and
(19) provides the 2"-order difference non-parameter-
ized method. As a result, number of batteries can be
estimated and compared when using different methods.

1. RESULTS AND DISCUSSION

Parameterized and non-parameterized methods
using 1%t and 2" order differences provide estimation of
minimum number of batteries in an energy storage
system that can provide energy at required discharge
duration with the specified parameters.

shows the number of batteries as a function of
wind energy and load energy. Plot 1 (blue-green) is based
on the 1% order difference non-parameterized method,
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Fig. 2 The number of batteries as a function of the difference
between the wind power energy and the load energy, with taking
into account the impact of power fluctuations (red curve) and
without (blue curve)
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Fig. 3 The number of batteries as a function of the difference be-
tween the theoretical and the empirical wind power and load en-
ergy, with taking into account the impact of power fluctuations
(plot 2) and without (plot 1)
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Fig. 4 The number of batteries as a function of the difference be-
tween the theoretical and the empirical energy value of the wind
turbine and load, with taking into account the impact of power
fluctuations (red curve) and without (blue curve)

and plot 2 (yellow-red) is based on the 1% order differ-
ence parameterized method. To plot them, wind energy
and load energy were divided into 10 equal intervals
from the minimum value according to the empirical da-
taset to the maximum one with 1 value in each interval,
and then the required number of batteries was calcu-
lated for all the possible pairs of the wind and load
energies. In the figure, the energy is normalized relative
to the average energy value over all time intervals t.

Fig. 2 shows the number of batteries as a function of
the difference between the wind power generation and
the load consumption for different time intervals t, nor-
malized to the average energy value for all the time in-
tervals. The curves were plotted using the 1st-order dif-
ference non-parameterized method (blue curve) and
parameterized method (red curve). The number of bat-
teries that will theoretically provide the load with energy
with 95% level of confidence is shown, represented as
95% percentile [29] [30].

The increase in the required number of batteries
when using the parameterized method compared to
the non-parameterized method is due to the fact that
with an increase in discharge current and discharge time,
the Peukert’s coefficient causes a nonlinear effect, reduc-
ing the amount of possible energy to be extracted and
thus increasing the required number of batteries to be
able to store the required amount of energy.

Fig. 3 shows the number of batteries as a function of
the difference between the theoretical and the empirical
wind power generation and the load consumption. Plot
1 (blue-green) is based on the 1st-order difference non-
parameterized method, and plot 2 (yellow-red) is based
on the 1st-order difference parameterized method. To
plot them, the energy differences were divided into 10
equal intervals from the minimum value according to
the empirical dataset to the maximum one with 1 value
in each interval, and then the required number of batter-
ies was calculated for all possible pairs of the wind and
load energies.

Fig. 4 shows the number of batteries as a function of
the difference between the theoretical and the empirical
wind power generation and the load consumption for dif-
ferent time intervals, the average energy value for all the
time intervals. The number of batteries that will
theoretically provide the energy load with 95% level of
confidence is shown. The curves were plotted using
the 1st-order difference non-parameterized method
(blue curve) and non-parameterized method (red curve).

Fig. 2 and Fig. 4 can be divided into 4 quadrants with
the center in plots intersection point. 1%t quadrant,
located top-right relatively to the intersection point, rep-
resents time intervals with energy shortage that is
expected to be covered by installing batteries, 3™ quad-
rant represents time intervals with free energy that is
expected to be either stored in batteries or transferred
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to an external grid. Plot asymmetry on and
can be explained by statistical nature of wind power and
load power.

Based on the 1%t quadrant of the figures, it can be
seen that using the 2" order difference method ( )
requires installation of fewer batteries (2.7 compared to
25) than using the 1% order difference method ( ) for
the same wind energy and load energy data when using
the appropriate storage control algorithm.

If there is an external grid and the distribution of
input data is such that the amount of free energy is
greater than the amount of energy required to balance
energy and meet the needs of the load, it is possible to
install batteries based on the 3™ quadrant of the figures,
with the external grid acting as an additional storage
device or as an additional load customer.

When compared to other researches related to
energy storage sizing, sources [15] [31] [32] don’t define
how to choose required battery discharge duration
depending on power data, and don’t take into account

The paper shows the impact of wind power and load
power fluctuations on energy storage sizing, consisting of
batteries of equal capacity. Taking into account the sta-
tistical nature of the wind power is done by using the 1°
order difference parameterized method allows to refine
the value of the number of batteries by 67% on
the reviewed dataset compared to the non-parameter-
ized method. In the case of the 2" order difference
method, according to the refinement, 125% more batter-
ies should be installed. The use of the 2" order differ-
ence method compared to the 1% order difference
method can significantly reduce the required number of
batteries when using the appropriate energy storage
control algorithm, even with the parameterized method.
The calculation methodology is shown on the example of
lead-acid batteries of the HZB12-180FA series manufac-
tured by HAZE Battery Company Ltd and data of wind
speed from Phu Yen Province, Vietnam and load power
from a private house in Hauts-de-Seine, France.

Further research may include analyzing state of
charge of the batteries depending on their number, prof-

C€606C W SSY-€7S¢/SESOT 0T 10d

Peukert’s effect.

itability of installing batteries according to the free
energy amount and selling excess energy to the grid.
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BnanB 3mMiHM NOTYXHOCTI BITPY
Ta NOTYXXHOCTI HaBaHTAXEeHHHA
Ha EMHICTb cMctemu 6anaHCyBaHHA
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HauioHanbHWI TEXHIYHWUI YHiBEPCUTET YKpaiHK

v

«KUWIBCbKMI NONITEXHIYHUI IHCTUTYT imeHi Iropa CikopcbKoro» R 00syn5v21
Kwuis, YKpaiHa

AHomayia—Y pocnip)XeHHi npeacTaBNeHO MeTod BpaxyBaHHA BMN/IMBY MOTYXKHOCTI BiTPOYCTAHOBKM Ta NOTYXKHOCTi HaBaH-
Ta)KEHHSA Ha PO3Mip HaKoNM4YyBayva eHeprii, AKNIA CKNA[AETbCA 3 AKYMYNIATOPIB OA4HAKOBOI EMHOCTI, AN 6anaHCyBaHHA eHeprii
B CUCTEMAX PO3NoAineHoi reHepauii 3 BiTpoycTaHOBKamu. [inA BpaxyBaHHA BM/IMBY PO3PaXOBYETbCA PiSHULA MiXK eHeprieto
BiTPY Ta HaBaHTaXXEHHA 3a/IE}KHO Bif 3aKOHY PO3MoAiny NOTY:KHOCTI BiTPY Ta HaBaHTaXKeHHA. byno npeacraBneHo 2 metoam
PO3paxyHKy pPi3HULL eHeprii: meToa pi3HULi 1-ro nopaaKy Ta MeTog, pisHuLi 2-ro nopagKy. NMpu BUKOPUCTaHHI MeToAy pisHUL
1-ro nopsAAKY BUKOPUCTOBYETLCA Pi3HULIA MiXK 3reHepOoBaHOIO eHeprielo BiTPY Ta eHeprielo, OTPMMaHOK HaBaHTaXKeHHAM Npo-
TArom ob6paHoro iHTepsany Yacy. Mpy BUKOPUCTAHHI meToAy Pi3HULi 2-ro NOPAAKY BUKOPUCTOBYETLCA PiSHULIA MiXK TeopeTuy-
HUM i GaKTUUHMM 3HAYEHHAM eHeprii NpoTArom obpaHoro iHTepBany yacy. PisHULA eHeprii NOTiM BUKOPUCTOBYETLCA ANA 3HA-
XOAKEHHA vacy, HeobxigHoro anA Toro, Wo6 HaBaHTa)KeHHA OTPUMANO HEAOCTATHIO KiNbKicTb eHeprii. P BMKOPUCTaHHI
BEJINKOro iHTepBany vacy BiH po36MBaETbCcA HA MEHLWI iIHTEPBaNN, AN1A KOXKHOIO 3 HUX PO3PaXyHOK Big6yBaeTbcA okpemo, pop-
mytoumn BUBipKy 3HaUEeHb, a OcTaToOuHe 3HaYeHHA BUbUpaeTbea 3 BUBipKM BUXoaauu 3 6axkaHoro gosipyoro iHTepsany. BUkoHaHo
NOpPiBHAHHA 4 MeTOAiB PO3pPaxyHKY PO3Mipy HaKoMUUyBaya eHeprii, 3a4aHOro NEeBHOIO KiNIbKICTIO aKyMyNATOPIB: NapameTpu-
30BaHMIi Ta HENapameTpU3oBaHMI MeToZ, pisHULi 1-ro nopAAKy 3 ypaxyBaHHAM Ta 6e3 ypaxyBaHHA napameTpiB BignosigHo, Ta
MeToa, pi3HULi 2-ro NopAAKY, TAKOXK NapameTpM3oBaHUIA | HenapameTpPU30BaHUIA, A€ NapaMeTpamMM €: CTPYM po3pAay, Heob-
XigHa TpuBanicTb po3paay, MubuHa po3pagy, EMHICTb aKymynaTtopa, KoediuieHT MelikepTa, yac po3paay Npu NOBHICTIO 3apsa-
AXEHOMY aKyMyNATOpPi, TemnepaTypa HaBKOIMLWIHbLOIO cepeAoBULLLA | NOXMBKa NPOrHo3yBaHHA NOTYXKHOCTI BiTPY. Y AKOCTI Npu-
Knagy po3paxyHKy 6yno B3aTo Ta 06pobneHo AaHi WiBUAKOCTI BITPY 3 NpoBiHLii PyeH y B’eTHami, 3 AKMX noTim 6y10 nopaxoBaHO
NOTYXKHICTb BiTPY, Ta AaHi NOTYXHOCTI HaBaHTaXKeHHA 3 NpUBaTHOro gomorocnogapcrea y O-ae-CeHi y ®paHuii, Ta cBUHLEBO-
KUCNOTHUM akymynaTop HZB12-180FA. OckinbKu gaHi WBMAKOCTI BiTPy matoTb 4060Bi Bapiauii, po3mip KoXKHoOro iHTepBany yacy
6yno o6paHo piBHUM A06i. 3 BUbipKM JaHUX KiNbKOCTi akymynaTopis 6yn10 06paHO 3HAUEHHS, WO piBHe 95% nepueHTUNO. Byno
NOKa3aHo, L0 BUKOPUCTAHHA NapaMeTPU30BaHOro MeToAy Yy NOPiBHAHHI 3 HenapameTpPU3oBaHUM NPU3BOAUTb A0 36iNbLeHHA
HeobXigHOI KiNIbKOCTi aKyMyNATOPIB, WO NOACHIOETbCA YTOUHEHHAM 3HauyeHHA HeobXigHOT KiNnbKOCTi akyMynATopis y 3B’A3Ky
3 BN/IMBOM NepepaxoBaHUX NapameTpiB. A BUKOPUCTAHHA METOAY Pi3HMUb 2-T0 NOPAAKY Yy NOPIBHAHHI 3 METOAOM Pi3HULb
1-ro NopAAKY MOKe 3HAaYHO 3MEHLLIUTU HeobXiAHY KiNIbKiCTb aKyMynATOPiB NPU BUKOPUCTaHHI BiANOBIAHOr0 anroputmy Kepy-
BaHHA cUCTeMOl0 6anaHCyBaHHA, HABITb AKLLO METOZ € NapameTpusoBaHUm. Moganblui AocNiAKEHHA MOXKYTb 6yTn cnpamo-
BaHi Ha aHasi3 CTaHy 3apAaAy aKyMYNATOPIB 3a/1eXKHO Big, iX KiNbKOCTi, peHTabenbHicTb BCTAaHOB/IEHHA aKyMYNATOPIB BigNoBigHO
0,0 KiNbKOCTi BiAbHOI eHeprii Ta NpoAaK HaAMLLKY eHeprii y 30BHILLHIO MepeKy.

Knrw4oei cnoea — cucmema 36epi2aHHA eHepzii; aKymynamop; eHep20EMHIiCMb; eimep; HABAHMAM(EHHS,; NPO2HO3He
6anaHcyeaHHA eHepaii
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