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Recently, there has been a  trend toward using hybrid 
power supply systems with multiple renewable energy 
sources (RES) for small-scale objects, particularly those in 
the agro-industrial sector (Zeeshan and Aized, 2023). Such 
systems typically contain a  photovoltaic system (PVS), 
wind turbines (WG), and a storage battery (SB), and can be 
connected to the  grid. This arrangement aims to reduce 
electricity consumption from the  grid and increase power 
supply reliability. The use of electric transport (ET) not only 
decreases the  release of greenhouse gases (Khodkam et 
al., 2025), but its SBs can be utilised to control the object’s 
energy consumption. When the  mains voltage is off and 
RES energy is insufficient, diesel generators (DG) or other 
generators are employed. 

The prospects for using hybrid renewable systems 
(HRES) in various areas are now beyond doubt. The issues 
of HRES are subject to consideration by many researchers; 
specifically, methods of energy management for HRES with 
PV, WG, and SB are presented in review papers (Olatomiwa 
et al., 2016; Meng et al., 2016; Faccio et al., 2018; Lamnatou 
et al., 2024).  

The feasibility of combining PVS, WG, DG, and SB into 
HRES for a  residential building is considered in Thirumalai 
et al. (2024). The work by Ganthia et al. (2024) presents an 
energy management system using HRES with PVS, WG, 
and SB for a small enterprise. Many papers are devoted to 
optimising the parameter selection of grid-tied HRES (Kumar 

et al., 2022) and for standalone use (Fakhfour and Pourfayaz, 
2024; Bourek et al., 2025). Monitoring energy consumption 
and accessing acquired data in real time is also necessary, 
which can be provided by an online connection using an LTE 
wireless communication network (Vacho et al., 2022).

Modern SBs, particularly the  LiFePO4 type, have high 
charge/discharge currents and significant resources. 
However, use at a depth of discharge (DoD) of 80% provides 
3000 discharge cycles, while at DoD  =  50%, the  number 
of cycles is 5000. In Muala et al. (2024), along with energy 
cost minimisation, the extension of SB life is considered. It is 
noted that the DoD is important in the operation of SB and 
significantly affects its life cycle. The work by Rekioua et al. 
(2023) notes that HRES control must maintain the SB’s state 
of charge (SoC) at a level that prevents power outages and 
extends the SB’s life.

Alanazi et al. (2024) argue that to ensure electricity 
supply at the  lowest possible cost while optimally 
responding to load requirements, the  control system 
must perform real-time energy forecasts for RES, control 
energy storage components, and regulate loads. In Gunmi 
et al. (2024), the  energy management system is based 
on the  SoC =  (100 – DoD)% of the SB, supercapacitor, and 
hydrogen tank, as well as the  forecast of solar radiation, 
wind speed, and load for the day ahead.

Increasing the  reliability of the  RES generation WRF 
forecast using neural networks is presented by Díaz-Bello 
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et al. (2024). A genetic algorithm based on a wavelet neural 
network is used by Zhang and Zhang (2022) to optimise 
the prediction of PV generation. 

The issue of controlling a  HRES with PV, WG, and SB 
using the forecast of RES generation and control of power 
Pg consumed from the  grid is considered by Shavolkin et 
al. (2022). At the same time, the SoC(t) schedule is formed 
according to the calculated load power schedule PL(t) and 
the forecast of RES generation PRF(t). It also excludes energy 
consumption from the grid Wg during peak demand hours. 
The system’s autonomous operation mode (AOM) is not 
considered for grid disconnection.

Shavolkin and Haman (2024) consider using HRES 
with PVS, WG, and SB for a small livestock farm in an AOM 
when the mains voltage is turned off using an electric gas 
generator (EGG). At the same time, the farm uses its plant for 
biogas production. To maintain the loading of EGGs within 
acceptable limits, the power of the main SB0 РВ0 is regulated 
according to the PRF(t). 

However, the possible error of the forecast can be up to 
15–20% (Abdelsattar et al., 2024; Iyengar et al., 2017). An 
underestimated PRF leads to a decrease in the degree of RES 
use. At the same time, an overestimated forecast leads to an 
increase in the DoD. This also applies to deviations of the PL 
load relative to the calculated (planned) one.

The possibility of adjusting the SB power PB is declared 
in Shavolkin and Haman (2024), which compensates 
for the  deviation of PR relative PRF and the  PL relative to 
the calculated one while maintaining the value of the EGG 
power PEG within the established limits. The implementation 
of this is not reflected in the  results. The consideration is 
limited to ensuring the functioning in AOM.

Another approach with the correction of the power value 
Pg by the deviation of the SoC relative to the given schedule 
SoC(t), calculated by PRF(t), is proposed by Shavolkin et 
al. (2023a). The effectiveness of correction for forecast 
errors of up to 10% is shown. The possibility of working at 
a higher forecast error value must be assessed. A regulation 
system with three control channels is used: grid current, PV 
current, and SB current. For practical implementation, using 
the standard functions of hybrid inverters is desirable.

Thus, several issues regarding HRES control, both in 
the AOM and grid-tied operation, have not been sufficiently 
studied. This applies to controlling energy consumption 
with an increase in the degree of RES energy use, limiting 
peak value Pg and reducing the DoD of the SB, taking into 
account the possible WR deviation from WRF, which requires 
additional study.

The purpose of the  work is to improve the  control 
of HRES according to the  RES generation forecast for 
a decrease in energy consumption from the grid, limitation 
of peak consumption from the grid and the DoD, taking into 
account the possible deviation of RES generation relative to 
the forecast and load relative to the calculated one.

Classical methods for calculating and analysing energy 
processes in electrical circuits at the  active power level 
are used in the  research. Since the  analysis is performed 

for the  daily cycle, transients are not taken into account. 
Energy losses in energy converters and storage batteries are 
accounted for through efficiency. 

Accounting for the energy use of ET batteries is simplified 
using the recommended discharge and charge schedules in 
time. To implement energy control, the standard modes of 
serial hybrid inverters of the SUN-30K Deye type (China) are 
considered.

The control is carried out according to the  RES 
forecast and the  estimated (planned) farm consumption. 
A controlled parameter is the  SoC calculated schedule of 
the main SB of the PVS, which determines the limitation of 
the DoD value. The limit of peak consumption from the grid 
is set by the calculated graph of the power PgR(t), consumed 
from the  grid. To minimise the  impact of deviations in 
RES generation and load relative to the  calculated values, 
a  closed-loop by deviation SoC control system is used. 
Compensation for the  deviation of the  current SoC value 
from the  taken value is carried out by correcting the  PgR 
value. The corresponding value of the correction power РК 
is proportional to the  SoC deviation. Since the  rate of SoC 
change is low, control with a  discreteness of 0.25 hours 
is considered. When the  RES energy is excessive, the  PV 
generation control is carried out at РК = 0. When calculating 
the SoC graph, the charging characteristic of the SB specified 
by the manufacturer is used, taking into account the charge 
zone at constant voltage, which helps improve the accuracy 
of correction.

The formation of SoC(t) allows for reducing energy losses 
at a schedule with a monotonic SB discharge while limiting 
the use of additional charge/discharge cycles. At the same 
time, an increase in the  degree of RES consumption is 
possible due to the correction of the SoC value to maximise 
the use of the energy power of the main SB with a regulated 
charge of the SB of ET during the hours of maximum PPV.

A gas generator with a restriction of limit and minimum 
power is used in AOM, which excludes its overload and 
contributes to the economical use of biogas.

The mathematical model uses analytic expressions 
for steady-state regimes that correspond to generally 
accepted calculation methods. The charging and discharge 
characteristics of the  LiFePO4-type battery, according to 
the  manufacturer’s data, are considered when describing 
the  SB models. The RES generation was set according 
to archival data for Kyiv. At the  same time, the  possible 
deviation of RES generation relative to the  forecast data 
(±20%) and load consumption relative to the  calculated 
schedule was taken into account. The proposed solutions 
are considered for a specific application but with different 
load schedules and the  same daily consumption, making 
it possible to generalise the  results obtained to a  certain 
extent.

Substantiation and implementation of the HRES 
control mechanism; energy consumption, HRES 

structure, and general description of the operation
This work is a continuation of the research by Shavolkin and 
Haman (2024), where the  HRES for a  small livestock farm 

Material and Methods

Results and Discussion
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With this, the loss of energy in SB0:

		  (2)

where:	 ηB – the efficiency of SB0; WB0 = UB · CB – SB0 energy 
capacitance

At с  =  const, the  value b is variable. In the  case of 
WB0  =  80  kWh and b reduction of 10%, DW  =  1.68 kWh. 
Reducing DQ* >0 is achieved by increasing Q*2, decreasing 
Q*4, or increasing Q*2 and decreasing Q*4 simultaneously. 
Thus, forming Q*R(t) with a monotonous reduction Q* in time 
is advisable. This is not possible in AOM with the accepted 
power limit PEG.

The schedule Q*R(t) must be different according to 
the  value WR. The boundary value WRВ can be determined 
according to DQ*34 at the interval (t3, t4) at Pg34 = 0: 

		  (3)

where:	 WL – load energy; WB12.34 – the energy of SB1, 2

When DQ*34 >0, there is a “high” level, when the choice 
of values Q*1 and Q*2, and the value of PgR, is also carried out 
for the accepted restrictions. If DQ*34 ≤0, the schedule Q*R(t) 
is set with a monotonous decrease in value Q* in time, which 
may be unchanged. 

Discrete in-time correction of the value Pg by deviation 
Q* relatively Q*R(t) at the interval (t1, t0) is considered. 

The value of Q*R(t):

		  (4)

where:	                          – at SB0 charge;

	                                         – at SB0 discharge

For RES generation, less than the  boundary value 
WR  ≤WRВ, schedule Q*R(t) is set by linear dependencies on 
intervals (t1, t6), (t6, t7), (t7, t0) with a  restriction of the  DoD 
≤30%. 

Value PB0 in constant voltage charge mode UBC at 
Q* ≥Q*d is PB0 = UBC · CB · I*B(Q*), where I*B(Q*) – the charging 
characteristic in relative units.

The value of the power consumed from the grid Pg (or 
PEG):

		  (5)

where:	 РК = Dqi·К – correction power; Dqi = (Q*Ri - Q*Мi); К – 
regulator transmission coefficient; Tf – the constant 
of time of filter; k – variable that determines 
the  area of correction action. There is a  variable 
k = 0 at intervals with PPV regulation to zero energy 
exports to the grid (or ЕGG)

without exporting energy to the grid was considered. The 
HRES contains a PV module with a hybrid grid inverter and 
a  main battery SB0, a  WG module with grid inverter, gas 
generator EGG, and a  charger with two-way conductivity 
(V2G) for ET with SB1 and SB2. Consideration is limited by 
the  November-April period when cattle are on the  farm. 
The load graph in the AOM is saved (curve 1 in Fig. 1). When 
working with the grid, the load relative to the AOM increases 
(curve 2 in Fig. 1). The variant of equalizing the load by time 
while maintaining consumption is also considered (AOM – 
curve 3, work with the grid – curve 4). Subsequently, 1 and 
2 are designated as variant V1, and 3 and 4 are designated 
as variant V2.

By working with the  grid, we take a  fixed operation 
schedule (charge) for ET. Operation is from 6:00 to 17:00. 
During peak hours, charging is not carried out. In the grid-on 
mode, the  reference value of the  charge energy WB1, 2 of 
the SB1, 2 is constant (10 kWh is accepted), and for the AOM, 
it is calculated according to the forecast. 

Power balance in the system:

Pg + PR · ηC - PB0 - PLС = 0 	 (1)

where:	 PR = (PPV + PW); PPV – PV power; PW – WG power; PB1 
and PB2 – powers of SB1 and SB2; PLС = (PL + PB1 + 
PB2); ηC – efficiency of RES converter and invertor; 
PB0 – power of SB0

The value PB0 at the SB0 charge (SoC) Q* ≥Q*d(Q* = 100 · 
Q/QR; QR – SoC, which corresponds to SB0 capacitance 
СВ (Аh), Q*d – corresponds to the  start of charge with 
a  UBC  =  const) is limited by the  SB0 charge characteristic 
PB(Q*). With a  common charger, the  charge of SB1 and 
SB2 is carried out alternately according to the  reference 
value PB1, 2. At the interval (t0, t1) according to the specified 
Pg(PEG), measured values PR, PL, reference PB0 (PB0 ≤PB(Q*) and 
PB0 ≤PBМАХ) is determined by reference PB1, 2. 

Formation of the state of charge of the main 
storage battery 

For the  taken graph PL(t) at the  initial value Q*1 and value 
Q*6 at the beginning of the evening peak, we have a fixed 
degree of discharge SB0 (DQ*16 = с = (DQ*12 + DQ*45) - (DQ*24 
+ DQ*56)  =  а  -  b, where DQ*24, DQ*56 – charge increments; 
DQ*12, DQ*45 – discharge decrements).

Fig. 1	 Graphs of the load for livestock farm
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In the AOM value, PEG is determined with the restriction 
PEGMIN ≤PEG ≤PEGМАХ.

The value of the coefficient of transmission of the power 
regulator: 

		  (6)

The power that the  RES can provide in the  maximum 
power point tracking mode (MPPT) for AOM is PRM = PEG + 
PRESM · ηС. The power that can be consumed is P1

R = PLC + PB0. 
The power of energy sources, taking into account the  PPV 
regulation: 

		  (7)

The actual value of power consumed from the EGG (or 
grid):

		  (8)

Value k  =  1 if (PRESM · ηС  -  (PR – PEG)  -  Pg1) <0 (Pg1 is 
the minimum value).

Grid-tied mode
The value of WB 12.24 is set fixed. If WR >WRВ and Q*2 <40%, 
the  maximum value of РB 12.24 is set for both ЕT. In other 
cases, the  power of one of the  ETs РB 1.24 decreases, and 
the charge time increases. Value PgR at peak tariff intervals 
is taken PgR23 = PgR67 = 0, PB 12.23 = PB 12.67 = 0. The schedule 
of ET1 and ET2 use (SB1, 2) is planned, taking into account 
the  operating time with average energy consumption. 
The  option of a  tractor use from 6:00 was considered 
(removal of manure to a  biogas generator plant, delivery 
of feed, etc.). After that, at 8:30 it connects to the charger, 
and a truck is used, which is charging from 11:30 to 13:00. 
The charging of SB1, 2 is also provided before the start and 
at the end of the evening peak tariff. 

WR >WRВ. Value DQ*67 for the evening peak at interval (t6, 
t7) at PgR67 = 0 is:

		  (9)

Values Q*7 ≥55%, Q*6  =  (Q*7 + DQ*67). At Q*7  =  55%, 
Q*0 = 90%, the charge increments over the interval (t7, t0) and 
the corresponding value Wg70 is determined. For PgR24 = 0:

 		  (10)

 		  (11)

Value Q*2  =  (Q*4 – DQ*24) at Q*4→100% is limited to 
Q*2 ≥30%. At PgR12 = 0 by (11), DQ*12 and Q*1 = (Q*2 – DQ*12) 
are determined. In the case of Q*1 ≤100%, we have a  limit 

Q*1 ≥80% with a  corresponding change of Q*2 in case of 
using restriction Q*1  =  80%. If Q*1 >100%, Q*1  =  100% is 
accepted by determining the appropriate values DQ*12 and 
PgR12. Value Q*5 is accepted as Q*5 >Q*6. Under DQ*45, DQ*56, 
PgR45 = PgR56 are determined.

Autonomous operation mode
The PEGR restrictions are introduced as PEGRМАХ ≤0.9  PEGRate. 
This provides the  possibility to increase PEG in case of 
WR  <WRF and PL is above the  calculated. At DQ*24 ≥0, 
the task of providing the maximum possible charge of SB1, 
2 at the  interval (t2, t4) is solved, and recommendations 
for  charging the  SB1, 2 in the  evening hours are also 
determined. Let’s limit the  minimum value Q*2 ≥30%. 
The maximum value Q*2МАХ  =   (Q*1 – DQ*12МІN) is limited 
under the condition of PEG12 = PEGRМАХ. The value of PEG24 is 
determined, which corresponds to DQ*24  =   (Q*4 – Q*2МАХ) 
and WВ12.24 = WВ12.24MAX:

		  (12)

If PEG24 <0, then PEG24 = 0, and DQ*24 is determined as:

		  (13)

For this Q*2 =  (Q*4 – DQ*24), DQ*12 =  (Q*1 – Q*2) and, if 
Q*2 ≥30%, value PEG12:

		  (14)

If Q*2 <30%, then Q*2 = 30% is accepted, and the value 
PEG12 is corrected. 

If, according to Eq. (12), there is PEGМАХ ≥PEG24 ≥0, 
then Q*2  =  Q*2МАХ, PEG12  =  PEGМАХ are accepted. In case of 
PEG24 >PEGМАХ, then PEG24 = PEGМАХ, Q*2 = Q*2МАХ is accepted, 
and the value WВ12.24 decreases: 

		  (15)

If DQ*24 <0, PEG is determined according to the value Q*2 
at WR  =  0. In this case, the  value Q*2 ≥76%. At this power 
value, given by the SB1, 2 at the interval (t1, t2): 

WB12.12 = WL12 – WR12 · ηC – PEGMAX (t2 – t1) – 
	 – 0.01DQ*12 · WB0 · ηB · ηC	 (16)

Under condition Q*0 → 90%, the values Q*6 and Q*5 at 
PEG60 and PEG56 are determined to be less than the maximum. 
DQ*45  =  (Q*4  – Q*5) is also determined. The  energy value, 
given by the SB1, 2, is: 

WB12.45 = WL34 – WRESF34 · ηC – PEGMAX (t4 – t3) - 
	 – 0.01 DQ*34 · WB0 · ηB · ηC	 (17)
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If WB12.45 <0, then WB12.45  =  0 is accepted, and 
the  corresponding energy can be used to charge a  more 
discharged one from the batteries SB1, 2. 

Simulation results
The simulation of energy processes in the system was carried 
out using MATLAB/Simulink software based on the models 
from Shavolkin et al. (2023b) and Shavolkin and Haman 
(2024), at PPV = 30 kW, PW = 5 kW, PEGG = 7 kW, WB0 = 80 kWh, 
WB1 = 50 kWh, WB2 = 30 kWh, ηС = 0.94, ηВ = 0.96, Dt = 0.25 h. 

In case WR = 0, the maximum value PEG using the discharge 
energy of SB1, 2 (WB12.12 + WB12.34) = 32 kWh and the lack of 
a daytime charge of SB1, 2, we have DW = 1.18 kWh at AOM. 
With the same energy consumption of EGG, the value Q*0 
increased from 70.65% to 72.29%. The correction does not 
affect indicators.

Grid-tied mode at WR >WRВ. For variant V1, the values of 
WRВ1 in March and February are, accordingly, 133.5 kWh and 
139.9 kWh. For V2 WRВ2, they are, accordingly, 151.2 kWh and 
160.5 kWh. 

In Table 1, indicators are shown at Q*0  =  90%, 
РВ12.23  =  10  kW, and at the  duration of the  day charge of 
SB1, 2 (1.5*2) = 3 hours (WВ12.23 = 30 kWh); SB1, 2 charges at 
the interval (t0, t1) were not carried out (initial SoC is 80%). 
The values are P*R =  PR/PRF = 1, P*L =  PL/PLF = 1; correction 
limitations and, accordingly, energy consumption during 
peak hours was not carried out. The value WRF corresponds 
to the maximum value, at which all RES energy, in case of 
reduction Q*2, is used for consumption. When P*R  =  0.85 
and P*L  =  1.15 (marker *), there is a  reduction of Q*2 to 
26%. Increasing the  DoD to 74% with one deep discharge 
is justifiable.

In Table 2, the indicators at WR >WRB (for February) and 
WR  ≤WRB (for March and December), taking into account 
the  charge of SB1,  2 are presented. The coefficients k3, k2, 
and k1 determine the  reduction of energy costs according 
to tariffs. The ratios are accepted: for 3 tariffs – night 
(preferential)/semi-peak (daytime)/peak 0.4/1/1.5; for 
2 – night/day 0.4/1. The sign (+) – in the case of correction, 
sign (-) – without correction. The absence of a  limit on 

Table 1	 Indicators in the case of operation with the grid with high RES generation

WR (kWh) Q*1 (%) Q*2 (%) Q*7 (%) Wg (kWh) WRFηC (kWh) Q*1 (%) Q*2 (%) Q*7 (%) Wg (kWh)

March V1 March V2

218.3 100 37.3 75 65.12 227.9 100 56.5 79 57.62

218.3 92 30 75 56 227.9 80 37.5 77 52

218.3* 92 26 72 118.2 227.9* 80 35.5 76 117

February V1 February V2

206.6 100 41 72 72.32 216.9 100 50 67 61.88

206.6 90 30.7 69 65.46 216.9 90 40 65 54.85

206.6* 90 29.3 68 126.6 216.9* 90 38 64 116.3

Fig. 2	 Process plots in the daily cycle
a) WR >WRB; b) WR <WRB
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the peak consumption of РР corresponds to (-), РР = 0 or 1 kW 
corresponds to the  limitation of peak power. When 10/10, 
the values are РВ1 = 10 kW and РВ2 = 10 kW by a duration of 
1.5 hours. When 5/10, the value is РВ1 = 5 kW by a duration of 
3 hours, РВ2 = 10 kW for 1.5 hours. 

The process plots of PL∑ = (PL + PB1 + PB2), PL, PR, Pg, Q*0, 
Q*1, Q*2 when Р*R = 1, P*L = 1 are shown in Fig. 2 (process 
plots of Pg, Q*1, Q*2 are with a  minus sign). The dotted 
line highlights the  day charge zone of SB1,  2. Figure 3a 
corresponds to WR >WRB (February W*RF  =  160.5  kWh) for 
V1; Figure 3b corresponds to WR ≤WRB for V2 (December 
W*RESF = 116 kWh). 

The technological shutdown of the  EGG after 8 hours 
by 0.5 hours is taken into account in the  AOM. At WR  =  0 
without a daytime charge of the SB1, 2, use for ET1 and ET2 
is limited to 0.5 hours with a final value of the DoD ≥20%. 
The indicators for the AOM are shown in Table 3. They take 
into account the charge of SB1, 2 at the interval at (t2, t3) by 
WR. It provides DQ*24 >0 and a complete cycle of ET use. Also, 
in Table 3, there is an option with an SB 1,2 charge limitation 
in case of insufficient RES generation (WRF  =  113.5 kWh). 
With the  same specific energy consumption, the  ET use is 
reduced by a third. In the case of WR = 36.9 kWh and without 
the charge of SB1, 2 in the daytime, it is possible to use ET 

Table 2	 Indicators in the case of operation with the grid for RES generation above and below the boundary generation 
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WR >WRB

1 1 186.1 2 + 10/10 – 100 57 65 3.817 3.368 2.99 85.26

1 1 186.1 2 + 5/10 – 100 57 65 3.88 3.448 3.05 82.79

1 1 186.1 2 + 5/10 0 100 57 65 3.951 3.445 3.046 82.89

0.85 1.15 186.1 2 + 5/10 – 100 55 63.5 2.306 2.171 2.034 139.4

0.85 1.15 186.1 2 + 5/10 0 100 49 55 2.388 2.111 1.983 143.1

0.85 1.15 186.1 2 + 5/10 1 100 52 60 2.361 2.138 2.007 141.3

0.85 1.15 186.1 2 - 5/10 0 100 – 5 – – – –

1 1 160.5 1 + 5/10 – 100 64 67 2.813 2.551 2.338 108.7

WR <WRB

1 1 128.3 1* + 10/10 – 100 60 67 2.07 1.887 1.782 143.2

1 1 128.3 1 + 10/10 – 100 90 70 2.01 1.942 1.824 139.8

1 1 128.3 1 + 5/10 – 100 88 70 2.061 1.972 1.846 136.5

1 1 128.3 1 + 5/10 0 100 86 57 2.169 1.951 1.827 138

1 1 128.3 1 + 5/10 1 100 87 68 2.135 1.97 1.944 136.7

0.85 1.15 128.3 1 + 5/10 – 100 85 69 1.644 1.604 1.538 186

0.85 1.15 128.3 1 + 5/10 0 100 80 48 1.757 1.584 1.503 190.3

0.85 1.15 128.3 1 + 5/10 1 100 82 55 1.72 1.582 1.515 188.8

0.85 1.15 128.3 1 - 5/10 – 100 – Q*3 = 0 – – – –

1 1 116 2 + 5/10 – 100 86 70 1.801 1.777 1.736 146

correction (+ yes, - no) 

Table 3	 Indicators in the autonomous operation mode

P*R

(relative 
units)

P*L

(relative 
units)

WRESF 
(kWh) 

Variant 
 

РВ12.23

(kWh)
WВ12

(kWh)
Q*1

(%) 
Q*2

(%)
Q*4

(%)
Q*7

(%)
Q*0

(%)
WEG

(kWh)

1 1 128.3 1 10/10 0 100 62.5 55 78 90 105.4

1 1 128.3 1 5/10 0 100 62.5 56 79 90 103.5

0.9 1.1 128.3 1 5/10 0 100 58 43 71 85.44 127.1

1 1 128.3 2 10/10 0 100 83.5 70 77 90 103

1 1 128.3 2 5/10 0 100 83.3 66.5 76 90 100.3

1 1 113.5 1 2/4 0 100 62 57 75 90 100.9

1 1 36.9 2 0/0 -16 100 88 77 76 90 132.8
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for two trips of 1 hour with a residual value of Q*1 = 47% and 
Q*2 = 33%.

Plots for AOM at P*L = 1 and P*R = 1 are presented in Fig. 
3b. In Fig. 3a, the plots are shown at WR = 36.9 kWh, when 
the energy of SB1, 2 (WВ12.12 + WB12.34) = 16 kWh is used for 
consumption with restriction of the use of ET for 1 hour 2 
times a day.

This work is a  development of the  work by Shavolkin 
and Haman (2024), where the  control of the  HRES of 
a livestock farm was considered with regulation of the value 
of the  power of the  battery РB, which compensates for 
the  deviation of PR from the  PRF forecast and the  load PL 
relative to the calculated one, while maintaining the value of 
the power of the EGG PEG within the established limits. The 
problem of substantiating the parameters of the HRES from 
the  condition of autonomous operation to a  day without 
assessing the  effectiveness of the  solution for specific 
generation and load deviations was solved.

A feature of the  operation is to ensure an increase in 
the degree of RES energy consumption with the maximum 
use of the  energy capacity of the  main battery and 
a decrease in energy losses. At the same time, the problem 
of efficient use of the gas generator, reduction of the main 
battery’s DoD and peak consumption during the  actual 
RES generation, taking into account possible changes in 
the load, is solved. This is achieved by using a closed control 
system. A schedule of the SoC of the main storage battery 
is controlled. A schedule of power, consumed from the grid 
with correction by SoC deviation, is set. 

Restrictions on work results use are related to: 
a simplified approach using the recommended schedule for 
the alternate use of ET; during the simulation, the deviation 
of RES generation and load was realised by a proportional 
change in the power of RES generation and consumption; 
the  only option to AOM switching at night, which was 
accepted as the most difficult, was considered. 

The solution involves further research on improving 
the  efficiency of using the  EGG in emergency AOM in 
the event of a grid shutdown, and the possibility of using it 
in normal mode to reduce consumption from the grid with 
sufficient gas production.

Conclusion
The control mechanism takes into account the  SB0 
charging characteristic, ensuring that the correction power 
corresponds to the  deviation Q*, disabling the  correction 
when the  PV power is regulated to provide zero export 
to the  grid, and limiting the  correction for hours of peak 
demand. Increasing the  use of RES energy and reducing 
grid consumption (or EGG) is possible due to: adjusting 
the Q*1 value at the beginning of the day according to WRF 
to increase the degree of use of the SB0 energy capacitance; 
a daytime charging of the ET batteries during the hours of 
maximum PV generation with a  change in the  charging 
schedule; forming a  schedule of Q*R(t) with a  monotonic 
decrease in Q*R to reduce SB0 energy losses. The alignment 
of the load schedule also helps reduce energy loss in the SB0.

The exclusion of peak consumption when there is 
a  deviation of RES generation and load can lead to an 
increase in consumption of up to 2.56%. When limiting 
peak power to 1 kW, the increase in consumption does not 
exceed 1.5%. In the case of WR = 0.85 WRF and the  load of 
1.15 relative to the  calculated one, the  value of the  DoD 
does not exceed 52%. The reduction of Q*2 with full use of 
RES energy reduces consumption from the  grid in load in 
variant 1 (10.47–16.2)% and in variant 2 (10.8–12.8) %. The 
monotonous decrease in Q*R during the daytime allows for 
a reduction of losses in the SB0 of about 2 kWh. Changing 
the  charge graph of SB1 and SB2 provides an additional 
reduction in consumption of about 2 kWh. The overall 
decrease in consumption in the case under consideration is 
4.9%.

Fig. 3	 Process plots for AOM
a) WR = 36.9 kWh; b) P*L = 1 and P*R = 1  
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