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Photovoltaic grid-connected system of local object with a battery when using a grid inverter with an “open” input is
presented. The expediency of the structure of the converter unit use equipped by controllers of a photoelectric battery
and battery with independent (external) control and the possibility of charging the battery from the grid is substanti-
ated. It expands the possibilities of energy generation and distribution control in the power supply system of a local
object with several tariff zones using an intelligent energy management system in all operating modes including autono-
mous. The structure of the power control channel is developed, while it is possible to use a standard MPPT controller
to control the generation of a photovoltaic battery. The simulation model of the system is developed. The simulation
results are given. References 9, figures 4.
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operating mode.

Introduction. Almost all electric power supply system of local objects (LO) with a renewable en-
ergy sources (RES) with the exception of autonomous electric power supply systems can be attributed to
combined electric power systems (CEPS); they have connections to the AC distributed grid (DG) and receive
power supply from it in the absence of RES generation. The use of such systems for LO is aimed at reducing
electricity costs and increasing the reliability of power supply. In some cases the use of RES is predeter-
mined by the presence of a limit on energy consumption (from the power system) or by the limited capabili-
ties of the used DG. Improving the efficiency of CEPS through the use of intelligent systems of control of
energy (ISCE), optimization of structures, and improvement of a converter unit (CU) is a promising direction
of distributed generation development.

Problem statement. CU fulfills a key function in energy efficiency improving. It determines the
generation of RES and, in the presence of a storage battery, can participate in energy redistribution in differ-
ent tariff zones. The current trend is the use of multifunctional CU [1], which combines a number of func-
tions with a power factor closed to 1 at the point of common coupling to the DG. It also provides autono-
mous operation mode (AOM) of LO in the absence of storage batteries (SB) [2]. Intelligent multifunctional
CU are already widely marketed. There are hybrid systems [3, 4] with the photovoltaic (PV) battery, storage
batteries (SB) and connection to DG. They include the use of night-time charging of the battery from the
grid, followed by use during peak daytime loads, and they have a capacity of up to 10 kW, such as Growatt
10000hy [5]. The REACT 3.6 / 4.6 [6] (ABB Company) with lithium-ion batteries also provides extensive
capabilities in PV generation control and load management. But it has not a charge function from the grid.
These solutions are functionally completed; they have their own functioning program. At the same time, for
example, it is impossible to enter the charge function from the grid or external control of the PV generation
in the CU of the REACT - 3.6 / 4.6 type. This also applies to most of grid CUs for PV, which usually uses
built-in MPPT controllers, which ensure PV operation in maximum power mode that excludes the possibility
of external control of PV generation. This limits the possibilities of the CEPS in the AOM or with the prohi-
bition of generation in DG. There is no possibility to connect the batteries to DG. In terms of CU using to-
gether with ISCE of LO, the “open” structure of CU is of greater interest, for example, PRO 330-TL —
OUTD (ABB Company) type. At the same time, the grid voltage source inverter (VSI) has an “open” input
with switching devices, current sensors and protection, which allows you to connect a PV controller and a
battery charge controller with the required characteristics and external control.

Thus, the issues of generation and redistribution management of electric power in CEPS, the modifi-
cation of standard CUs for the use with ICSE are insufficiently studied and need in additional research.
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The aim of the research: the development of solutions for modifying the CU structure for PV with
the generation and redistribution energy management in CEPS with ICSE with the introduction of a power
control channel, which will reduce power consumption from the DG and simplify the balancing of power
capacities in all modes.

Research results. Proposed structure of CEPS (Fig. 1) consists of load (L1, L2, ... Li), PV, SB, grid
inverter (VSI). PV is connected to VSI via controller (CPV), which is regulate PV power take-off (Ppy),
according to signal of PV voltage reference (u*py) from the ISCE. Charge controller (CC) provides two-
sided conductivity, with using the switch S it can be connected to the VSI input or through the rectifier (R) to
the grid. In the case of a multifunctional VSI [2], which provides the active rectifier mode, the CC is con-
nected directly to the VSI input (S and R are not needed and there are no current harmonics generated by a
powerful rectifier). Management of S is carried out by the ISCE depending on the operating mode and the
availability of PV generation. CC has a current regulator and an input of setting the charge / discharge cur-
rent i*z of the SB. Load — LO consumers are connected to the grid through contacts (Q7 — Qi) with wireless
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Monitoring of currents and voltages in power circuits is carried out by current and voltage sensors
(CS and VS on Fig. 1). The possibility of the CPV operation in the tracking mode of the maximum of the Ppy
or the set by ICSE value P*py is considered. A standard MPPT controller can be used if possible block it or
switching-off using a relay. In this case, the regulation of energy generation to DG is carried out in relay
mode: when the PV is turned off, the battery is discharged on the load; when the PV is connected, the battery
is charged and receives the excess of energy. This allows you to limit (exclude) the transfer of energy in DG.
This solution is connected with an increase the number of charge / discharge cycles of the SB. It is justified
under implementation the autonomous mode, when there is no restriction on generation to DG in the normal
mode of operation. The functions of control of the CU and the load are provided by the ISCE; information is
supplied to it through the interface module (IM). IM provides the reception and transmission of signals in the
system wirelessly. In addition to information from sensors, weather forecast data from the site can be entered
(air temperature and cloudiness on the next day). Information for staff about the state of the system, recom-
mendations on connecting (disconnecting) loads, warning information (including sound signals) about
switching to the autonomous operation mode and about the need of transition to power saving mode with
subsequent forced disconnection of secondary consumers is displayed on the screen.

The simplified structure of the channel of the power control (Fig. 2) includes: blocks of division,
multiplication, adders; the unit of the SB current limitation iz (LU) in charge and discharge mode; CC;
charge degree controller (CDC); controller CPV (CCPV); unit of setting the charge current (/zc) of the SB
from the DG (SCU); model SB (MSB). The following variables are used: Ppy=upyipyfjceyfvs, Where ncpy,
nysris the efficiency of CPV and VSI; P, is the active power of load; Pz=ugignicc'nysi, where ncc, nysis the

efficiency of CC and VSI; O =0, + jint is the charge degree of the SB; i*; is the reference of the SB cur-

rent; Qs is the start charge degree of the SB on 7 a.m.; D is the determines the daily tariffication zones, if
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from 11 a.m. to 7 p.m. Q=90%, then D =1 from 7 a.m. to 11 p.m.; if from 11 a.m. to 7 p.m. Q <90%, then D

=1 (tariff zone for morning and evening maximums) from 7 a.m. to 11 a.m. and from 7 p.m. to 11 p.m.; D
is the duration of the night and minimum days tariff; /- is the charge current of SB during the night;
u*g=ugncc s
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Simulation in MatLab/Simulink and experimental research. Simulation of energy processes in
CEPS was carried out in accordance with the structure in Fig. 2. The dependences of the daily load P;(?),
solar radiation G(?) were set in tabular form. The PV model uses the equation from [8]

I=1Ig {1 (-1, / T Yoo } ,

where Isc=Wliscs, 1yi=Wlya, Uoc, Uy are the PV current and voltage for short circuit mode (sc), maximum
power (M), open circuit mode (oc), data sheet values (d); W= G/1000.

For simplifying the temperature of the photo module is taken equal to the data sheet value and, ac-
cordingly, Uoc=Uoca, Up=Upa. Tracing of the maximum point Ppyysx and Ppy=P*py (P*py = P + Py is the
reference value, P, is the limit of the power which is generate in DG, P, =0 in autonomous mode) is carried
out by known methods [9]. Switching to the regulation mode of PV generation is carried out at
0>95%.

The average daily value Py 4y=5 kW, Pryx=9.125 kW, W, =120 kW - h. The rated PV power is se-
lected based on the average monthly generation in June [7] under the condition Ppy~ Pr4y. The battery ca-
pacity was selected from the condition Pz=Ppy (in [3] the ratio 4:1, in [4] — 1:2).

Oscillograms Ppy, P, P, and Q for a clear June day are shown in Fig. 3: without limitation PV gen-
eration (Fig. 3, @) and at P,;=0 (Fig.3, b). On Fig. 3, c the implementation P,;=0 with relay control of Ppy is
shown. To a cloudy day (reduction Ppy half) corresponds to Fig. 4.

The possibility of AOM realization with relay control of Ppy is confirmed at an experimental set up
with hybrid VSI type «AXIOMA energy» (3 kVA) with built-in MPPT controller and charge controller.
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Conclusions. The energy management and redistribution system in CEPS of LO has been improved
for the CU structure with external control of the PV and SB controllers by introducing a control channel of
the system’s power, which carries out the battery charge / discharge control and when needed the regulation
power take-off of PV. The set values of the battery current and the voltage of the PV are formed by the
ISCE. The possibility of implementation of PV generation regulation
using a standard MPPT controller is shown. Battery charge from DG
is carried out at the night tariff, or, if necessary, during the times of
the minimum days tariff. The degree of charge can be adjusted de-
pending on the load schedule and weather forecast for the next day,
which gives an additional reduction in energy consumption. Even on
cloudy days, it is possible to compensate for morning and evening
load peaks. Further development of the work involves the study of
issues of the direct use of the weather forecast data by ISCE. This is
necessary for the formation of a recommended load schedule for the
next day in normal mode and during the operation of LO in the
autonomous mode with sufficient degree of charge of the battery to
ensure minimum consumption until the next daylight hours.
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YHOPABJIIHHSI TEHEPALIEIO TA NEPEPO3NOALIOM EJEKTPOEHEPITI B IMIJIKJIOUEHIA 1O
MEPEXI ®OTOEJIEKTPUYHIN CUCTEMI JIOKAJIBHOI'O OB’EKTY
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Pozensanymo niokmoueny 00 mepesici pomoenexmpuyny cucmemy I0KAIbHO20 00 €KMY 3 AKyMYISMOPHOIO 6AmMapecro y
Pasi BUKOPUCTNAHHIA MEpextce8o20 iHeepmopa 3 «BIOKpUmum» 6xooom. OOTpYHMOBAHO OOYiNbHICb SUKOPUCMAHHS
CMPYKmMypu nepemeoplo8aibHO20 dzpe2amy 3 KOMNJIeKmayicto 1020 Kowmpoaepamu omoeirexmpuynoi bamapei ma
AKYyMYIAMOpa 3 He3ANeHCHUM (308HIUHIM) YIPAGLIHHAM [ MOJICTUBICINIO 3APSAONCAHHSL AKYMYAImopa 6io mepedici. Cmo-
COBHO 00 MepedC 3 OEKITbKOMA MAPUDHUMU 30HAMU Ye POSUUPIOE MOICTUBOCHIT W00 YNPAGIIHHI 2eHEPAYIEIO MA PO3-
nooiioM eHepeii 6 cucmemi eieKmponoOCmaidanHs 10KAAbHO20 00 €KMy nid Yac UKOPUCMAHHS IHIMELEKMYalbHOI cuc-
memu YnpasiinHa eHepeoCRONCUBAHHAM Y 6CIX PEICUMAX POOOMU, 8KLIOHAIOUY a8moHOMHUU. Pospobreno cmpyxmypy
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KAHANLY YAPAGTIHHA NOMYNHCHICIMIO, 34 YUX YMO8 NepeddaueHo MONCIUugicms suxopucmantna cmanoapmuozo MPPT xo-
HmMpoaepa 3a01a YNpaeninus cenepayicio pomoenexkmpuynoi bamapei. Pospobaeno imimayiliny Mooens KaHary ynpas-
JiHHA nomyoscHicmio. Hasedeno pezynomamu modenosannsa. bioi. 9, puc. 4.

Knrouosi cnosa: doroenektpuuna Oatapesi, MepeTBOPIOBATIBLHUN arperar, akyMmyJsTopHa Oarapes, OaraTo30HHHMN Ta-
pud, KaHaN ynpaBiiHH HOTYXXHICTIO, aBTOHOMHHH PEXUM POOOTH.
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Paccmompena nooxnouennas k cemu (homosnekmpuieckas CUcmema JOKAIbHO20 00bEKMa ¢ aKKyMyIsimopHot bama-
peeti npu UCNONb3OBAHUU CEMEeB020 UHBEPMOPA C KOMKPbIMbIMY 6x000M. OboCHO8aAHA YenecooOpa3HOCHb UCNONbL308a-
HUsL CMPYKMYpbl NPeodpaz0eamenbHo20 azpe2ama ¢ KOMIIeKmayuel e2o KOHmpoaepamy Gomoanexmpuieckou bama-
peu U aKKyMyJasmopa ¢ He3a8UCUMbIM (GHEWHUM) YNPABIEHUEM U 803MONCHOCIbIO 3aPA0A AKKYMYJIAMOpA Om cemu.
IIpumenumenvHo Kk cemam ¢ HeCKOTbKUMU MAPUPDHLIMU 30HAMU IO PACUUPAEN BO3MONCHOCIU YNPAGIEHUs 2eHepa-
yuel u pacnpedenenuem dHepeuu 6 Cucmeme dIeKmpOCHAOICEeHUs TOKATbHO20 00beKma npu UCHONb308AHUU UHMEN-
JIEKMYanbHOU CUCIeMbl YRPAGLeHUs IHeP2ONOMpPedIeHUEM B0 BCEX PEJCUMAX pabomsl, 6KII0YAA A6MOHOMHbIY. Paspa-
bomana cmpykmypa Kamaia ynpaeieHus MOWHOCMbIO, NpU IMOM NPeOyCMOMPEHA 603MONCHOCHY UCHONb306AHUA
cmanoapmnozo MPPT xowmponiepa Ons ynpasnenusi eemepayueti gomoanexmpuueckou b6amapeu. Paspabomana
UMUMAYUOHHAS MOOETb KAHANA YRpasienus mowHocmyio. Ilpusedensvlt pesyibmamul modenuposanusi. bubi. 9, puc. 4.

Knrouesvle cnoea: dhorosnextpuueckas Oarapes, Ipeodpa3oBaTeNbHbII arperar, akKyMyJIsITOpHasi 6aTapesi, MHOT030H-
HBI TapuQ, KaHaT yIPABICHUS MOLIIHOCTBIO, aBTOHOMHBIN PEXXUM PaOOTHI.
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