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Abstract 
 
Power supply systems for small businesses based on renewable energy sources are most often based on converting wind energy, solar 
energy and water energy. Calculating its effectiveness is a time-consuming task, requiring the processing of a large amount of data spe-
cific for the geographical location of power generating units. In the article the technique of computer modeling of work of a park of wind 
power plants (WPP) with the purpose of definition of an optimum parity of their parameters is considered.  
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1. Introduction 

One of the problems of developing remote and previously un-
derutilized regions is their power supply. Its solution is possible 
both through the construction of power transmission lines and 
through autonomous power supply, in particular, using renewable 
or alternative energy technologies: wind power plants (WPP), 
solar power plants (SPP) and small hydroelectric power plants 
(SHPP) [1, 2].  

A characteristic feature of most alternative energy systems (AES) 
is the dependence of the generated power is the main indicator of 
their efficiency, on the dynamically changing amount of energy of 
the source. For WPP, this is the wind speed. Its average value 
depends on many factors, the main of which are the geographical 
position of the location of the WPP, the surrounding landscape, 
the time of the year, as well as data on possible fluctuations in the 
average wind speed. 

The purpose of this work is to calculate the parameters that ensure 
the efficiency of the power supply system of a small enterprise 
based on the WPP, which includes wind generators (WG), batter-
ies and the user of electricity. 

2. Energy Flows in a Closed Power Supply 

System 

The main indicator of the efficiency of the power supply system is 
the possibility of providing the consumer with electric power of 
not less than the required power [3]: 
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where Pg and Pa - power generated and accumulated, Pc – the 
power needed by the consumer, kr  - is the safety coefficient. 
Generated by the WPP park, the power in (1): 
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where Nwt is the number of windmills; ρ – density of air, kg /m3; Sr 
– areas of wind-forest, m2; ηwt – к.п.д. ветродвигателя 
(ветроколесо, редуктор, генератор и др.); ηpl – eff wind turbine 

(wind wheel, reducer, generator, etc.); Vw – wind speed, m / s. 
If the value of the generated energy (Рg) exceeds that required by 
the consumer, the surplus energy is used to charge the batteries or 
is removed from the system by ballast resistance (Рbp). Equations 
of the energy balance (3) - (6) in this case have the form: 

0
i

c
gа

k

P
PP                                                                   (3) 





























,P

k
U

tP
DD

I
Un

P
I

kUDtP

bp

а

a

a
aa

c

аа

а
a

аааа

0
;  




























,UIPP

ktIDD

I
Un

P
I

kUDtP

acabp

аcaa

c

аа

а
a

аааа

;      (4) 































tk

UD
PP

D

I
Un

P
I

kUDtP

a

aa
abp

a

c

аа

а
a

aааа 0

;  




























)UI(PP

ktIDD

I
Un

P
I

kUDtP

acabp

acaa

c

аа

а
a

aааа

,     (5) 

where nа – the number of batteries connected in parallel; Ua, В 
and Ia, А – charge voltage and current of one accumulator battery,  

ka < 1 – eff battery; Da and aD
, А·ч – initial and final values of 

the "free" capacity of the accumulation system Pа, Vt – surplus 
power, part of which can be accumulated or scattered by the bal-
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last load, Pbp, Vt – the power used by the ballast load, ki  < 1 –eff 
inverter. 

The amount of energy that can be saved at the current time (t) is 
determined by two parameters: the "free" capacity of the storage 
system (Da) and the maximum value of the charging current (Ic). If 
the battery capacity is Ca,, then 

аdcа D)k(C  1
,                                                               (6) 

where kdc – is the acceptable battery discharge factor. Usually kdc ≈ 

0.2.  
If the value of generated energy (Рg) is less than what is necessary 
for the consumer, then its shortage is compensated by the dis-
charge of batteries. The equations of the energy balance (7) - (8) 
in this case have the form:  
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where Imax dc, А – A is the maximum permissible battery discharge 

current, and Adc(Ia) – is some correction function of the discharge 
current in the accumulation system circuit, the value of which is ≥ 

1, aC
 the actual capacity of the battery. The value of the pa-

rameters Imax dc and aC
is determine the operability of the power 

supply system of the consumer. By Telegin V.V. the following 
analytical expression for the corrective function is proposed: 
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The value of the coefficient k for this particular battery can be 
obtained from the numerical solution of the equation: 
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In the expression (9) Cn, C1, C10, C5, – the capacity of the accumu-
lator (А·ч) is nominal, for 1, 10 and 5-hour discharges,  T10, T20  – 
is the charge (discharge) time (h) 10 and 20 hours, accordingly,  
Idc – is the discharge current (A), k – is the dimensionless coeffi-
cient. Function B(Idc) will be equal to one for most battery models, 
for which Сn = С10. If the nominal capacity of the battery corre-
sponds to its twenty-hour discharge (С20), it is assumed that in the 

interval [С20, С10] Аdc = В.  
 
 
 
 

3. Mathematical Model of Power Supply Sys-

tem 

The generated power (2) is in general a function of time, the val-
ues of which are available at discrete points ti given through con-
stant time intervals:  

constttT ii  1                                                         (10) 

Assuming that the function Pg(t) changes linearly from the value 
of P1 to P2and the power consumption Pc is constant, we have 4 
variants of expressions: (11) - (14) for calculating the excess Wext 

and the missing Wns energy with the following four possible vari-
ants of the relations between the values of Р1, Р2 and Рc: 
Variant №1 Variant №2 Variant №3 Variant №4 
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Dependence 

(11) 

Dependence 

(12) 

Dependence 

(13) 

Dependence 

(14) 

Thus, in the time interval [ti, ti+1]  i = 0, 1, 2 … m, the pow-
er value, redundant ΔWi ≥ 0 or the missing ΔWi < 0,in accordance 

with the dependences (10) - (14) , is: 

nsexti WWΔW 
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where m is the sequence number of the time interval. 
If ΔWi ≥ 0, then part of the excess energy ΔDa·ΔTi can be accumu-
lated: 
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and the rest is scattered. At the same time, the energy balance of 
the system is described by the following interrelation: 
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where Da, aD
, Pbpi  are determined from equations (3) - (9) with 

allowance for the following equalities: 
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If ΔWi < 0, the missing part of the energy ΔDa·ΔTi must be replen-
ished from the accumulation system. The equation of the energy 

balance of the system in this case: 
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where ΔDa can be found from Eqs. (8) with allowance for (18). 
Figure 1 shows the scheme of operation of the accumulation sys-
tem in the modes of accumulation (charge) and energy release 

(discharge). 
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Picture 1: Schemes of charge and discharge cycles of the battery 

Relations (1) - (19) represent a mathematical model of the system 
of autonomous power supply to consumers based on alternative 
energy sources. It should be borne in mind that the parameters of 
this model, in addition to those explicitly indicated in expressions 

(1) - (19), are also the characteristics of 3D models [4] of elements 
of WPP, and its cost too [5]. The solution of the modeling prob-
lem involves the implementation of a sequence of mathematical 
calculations, for m time points (t1, t2, …, tm), which divides the 
time interval T into an m-1 interval. 

 
Picture 2: Changing battery capacity: 1 - current, 2 - nominal, 3 - mini-

mum (maximum permissible discharge) 

 

Picture 3: Energy balance in the system of autonomous power supply to 

the consumer: 1 - generated, 2 - consumed, 3 - redundant, 4 - missing. 

The results of testing the mathematical model are shown in Pic-
tures 2, 3. 
Parameters of the model under test: 
1. Number of WPP - 25. The height of the mast is -20 m, the di-
ameter of the wind wheel is 10 m. Coefficient of efficiency: wind 
wheel - 0.46, reducer - 0.85, generator - 0.8. The minimum per-
missible wind speed required for WPP operation is 2 m / s. 
2. Accumulators - 100 pcs. Model GX 12-200. The coefficient of 

efficiency is 0.93. 
3. Transmission and energy conversion systems. The efficiency of 
the transmission line is 0.94, the controller is 0.94, the inverter is 
0.94. 

4. Consumed power from 100 to 50 kW - dependence 2 in Picture 
3. 
The wind speed is equal to the wind speed measured at the mete-
orological station of the city of Lipetsk, at an altitude of 10 meters 
on May 17, 2012. 

4. Conclusion 

The proposed mathematical model makes it possible to evaluate 
the effectiveness of using renewable energy sources for electricity 
supply to consumers. However, obtaining reliable results for a 
long period of time (from several months to several years) requires 
the use of statistical data on the wind speed at a given point col-
lected over several years. The use of the mathematical model is 
associated with a large amount of calculations, the implementation 

of which can be performed with the help of specially developed 
software [5, 6]. 
The mathematical model considered in the article forms the basis 
of the software complex "Alternative Energy Technology" (AET), 
which allows to calculate the parameters of the electro-generating 
complex, including wind power plants, solar panels and hydraulic 
turbines, which ensure the extremum of the given criterion: maxi-
mum power, minimum cost, and others [6]. 
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