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3EMAK)
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Tpynosure Oea peueH3upaHH OJl CTpaHa Ha
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3UpaH W Mpe3eHTupan Tpyx (6e3 oren Ha Kare-
ropujara) Ilporpamckuor omxbop wu3manme
Ceptudukar 3a ycrenrHo y4ectso Ha KoH(pepeH-
nujara. [locebHo Oea oxpaOpeHu Jja 3emar
AKTUBHO Y4Y€CTBO MJIAAUTE UCTPAXKYyBa4u U CTYy-
JCHTUTE Ha CUTE TPU LMKIYCH CTYIuH (IOIU-
IUIOMCKH, MOCTAMIUIOMCKA M JIOKTOPCKH CTY-
JTUH ), MITaJT TIPO(ECUOHANIIN U UCTPaXKyBayH.
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PHOTOVOLTAIC POWER PLANT FOR HOUSEHOLD WITH AND
WITHOUT BATTERY BANK
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'Faculty of Electrical Engineering, University “Goce Delcev” Shtip, Macedonia,
miladen. 20234 (@student. ugd.edu.mk
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Abstract

There are several short-term and long-term investments aimed at reducing household
electricity costs. An example of a long-term investment 1s the installation of photovoltaic power
plants on the roof. The installation of photoveltaic power plants placed on the roof is gaining more
and more application both in industry and in households, especially if the households are heated
by electricity,

In this paper, the sizing of a photovoltaic plant installed on the roof of a household with an
mstalled power in panels of 7.2 kWp and a nominal power of an inverter of 6 kW, connected to
the electricity distribution network, with and without a battery, as well as a comparison of the
amount of electricity energy that is used to supply the consumption of that household, directly
from photovoltaics, from a battery, as well as transmitted and received electrical energy from the
network. A comparison of annual electricity costs with and without a battery is also provided.

Keywords: renewable energy, household, photovoltaic plant, photovoltaic panel, battery,
electricity.

1. INTRODUCTION

The household is heated by electricity and in order to reduce electricity costs, it is planned
to install a photovoltaic system. In this paper, a calculation has been made of how much electnicity
costs would be if a photovoltaie system without a battery was installed, with a 10 kWh battery
bank and a 15 kWh battery bank.

18 panels with a power of 400W from the manufacturer Pikcell Group and a hybrid inverter
from the manufacturer Huawei with a nominal power of 6 kV were selected. The battery bank is
also from the manufacturer Huawei
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2, TECHNICAL DESCRIPTION OF THE PROJECT

On the roof of a family house in Strumica, i1t is planned to install photovoltaic panels with a
total installed power of 7.2 kWp. The roof of the building is double-pitched, made of a sandwich
panel with a slope of 5° in the north-south direction, so all 18 photovoltaic panels will be placed
in the south direction and will occupy a total area of 40.48 m’, It is planned to install one inverter
with a nominal output power of 6 kW. The inverter and other equipment will be located in the
building's premises.

In the calculations, we will consider four cases:

Case A — without photovoltaics;

Case B — photovoltaic plant with an installed power of 7.2 kWp;

Case C - photovoltaic plant with an installed power of 7.2 kWp + battery with a capacity
of 10 kWh:

Case D — photovoltaic plant with an installed capacity of 7.2 kWp + battery with a capacity
of 15 kWh,

YYY

Y

Load

P module Smart Power

SUNIDOO AL switch lPDB  sersor
EiR S - =1

Wian Fus'msma« AP

Note! Dashed boxes indicate optional companents.

LUNAZO00-2 LUNAZDOD-1

Figure 1 - Block diagram of the photovoltaic plant

2.1. Selection of photoveltaic panels

As the most favorable economic and technical solution for the project, monocrystalline
panels from the manufacturer PIKCELL GROUP with an installed power of 400 W of the type
PiK400M(72) were adopted. 18 photovoltaic panels with a power of 400 W are selected, so that
the total installed power will be 7.2 kWp.

The electrical, mechanical and temperature characteristics are given in the tables.

TEM AK'E 3060opnuk nHa pehepaiuu 326
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Table 1 — Electrical data for module PIK400M(72)

ELECTRICAL DATA

Parameters  PIKCELL GROUP - PIK400M (72)
Peak Power 400 W

Open Circuit Voltage (Uoc) 492V

Maximum Power Voltage (Ump) 405V

Short Circuit Current (Isc) 10,23 A

Maximum Power Current (Imp) 9,88 A

Module Efficiency (n) 20,16 %

Power Tolerance 0~+5W

STC: irradiation 1000W/m?, module temperature 25°C, AM=1,5

Table 2 — Mechanical data for module PIK400M(72)

MECHANICAL DATA

Parameters PIKCELL GROUP - PIK400M (72)
Cell Type | Menocrystalline

Weight 22kg

Dimensions 1980 x 1002 x 35 mm

Number of Cells 72

Junction Box ' IP 67, 3 bypass diodes

Cable cross section 4 mm?

Table 3 — Temperature characteristics

‘Parameters ' 'PIKCELL GROUP — PIK400M (72)
Temperature Coefficient of Uoc (a) -0,27 w/'C
Temperature Coefficient of Isc () 0,045 %/"C

Temperature Coefficient of Pmax (y)  -0,408 %/'C

2.2. Selection of inverter

Inverters are devices that convert direct current into alternating current. For the project, one
inverter from the manufacturer HUAWEI, model SUN2000-6KTL-M1, with a nominal output
power of 6 kW is selected. According to the parameters of the panels and the inverter, they are
connected, so that all 18 series-connected panels with a power of 400 W are connected to MPPTI.
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Table 4 — Technical specification of inverter

Inverter HUAWEI SUN2000 - 6KTL - M1

DC parameters AC parameters

Maximum input PV power 9 kW Rated output power 6 kW
1.100V Maximum apparent 6.6 kVA

Maximum input voltage power
Operating MPPT voltage 140V -980V Maximum output 10,1 A
range current
m::;t;num input currentper 135 A Output voltage 230/400 V
Number of MPP trackers/ 2/1 . 50 /60 Hz
Max. input number per ::ta:eﬁf grid
MPP tracker q y

2.3. Choosing a battery bank

A LUNA2000-10-SO battery bank with 2 or 3 modules of 5kWh each is planned for
electricity storage. The charge/discharge coefficient is 0.95.

2.4, Distribution boards and cables

One switchboard is provided, intended for AC installation. The board is made of
polycarbonate. A three-pole automatic fuse C 20A, 3p is provided in the AC board. A NYM-J 5x4
mm’” cable is placed from the GRT to the AC board and from the AC board to the inverter, and a
PV.1-F 1x6 mm® solar cable is used to connect the strings, from the panels to the inverter.

2.5, Construction above which the photoveltaic panels are mounted

The construction on which the photovoltaic panels are mounted is made of aluminum, the
so-called aluminum profiles. The roof of the building 1s made of a roofing sandwich panel, so
aluminum clamps with self-tapping screws are screwed to the nibs of the sandwich panel.
Photovoltaic panels are attached to the aluminum profiles with the help of middle and end clamps.

2.6. Installation for equalization of potential

To equalize the potential of the subconstruction on which the panels are mounted, an
aluminum conductor ¢=8mm is used, which is connected to the existing lightning protection
mnstallation of the building.
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3. CALCULATIONS

Calculations are made on the basis of a standard load curve for the annual distnnbution 2022,
as well as electricity bills of a customer who is heated by electricity for the year 2022 In the
calculations, we will consider four cases:

» Case A — without photovoltaics;

» Case B — photovoltaic plant with an installed power of 7.2 kWp;

# Case C — photovoltaic plant with an mnstalled power of 7.2 kWp + battery with a capacity
of 10 kWh;

» Case D - photovoltaic plant with an installed capacity of 7.2 kWp + battery with a capacity
of 15 kWh.

The household where we will install photovoltaic panels during one year has the following

electricity consumption, energy:

Table 5 — Electricity consumption without photovoltaics

ELECTRICITY CONSUMPTION WITHOUT PHOTOVOLTAICS
Consumed Consumed Total electricity Total price
Month electricity ina electricity in a consumption Tdenara]
high tariff [kWh] | low tariff [kWh] [kWh]
lanuary 1,429.72 1,474.58 2,904.30 25,224
February 533.72 535.03 1,068.75 7.312
March 960.25 850.55 1,810.80 13,105
April 1,032.64 738.56 1,771.20 13,379
May 498.81 388.14 886.95 6,289
lune 465.74 336.91 802.65 5,757
July 406.61 315.79 722,40 5,129
August 445.31 313.54 758.85 5,460
September 413.55 301.65 715.20 5,128
October 421.55 347.95 769.50 5,414
November 910.93 706.07 1,617.00 11,397
December 1,339.35 1,114.20 2,453.55 21,458
TOTAL: 8,858.17 7.422.98 16,281.15 | 125,052.00
SEMAKI Conference proceedings 329




Meéynapoona xongpepenuuja “EHEPIETHKA 2024 | International conference “ENERGETICS 2024”

3.500.00
3,000.00
— 2,500.00
:f, 2,000.00
o 1,500.00
= 1,000.00
500.00

0.00

N

CASE A- ELECTRICITY CONSUMPTION WITHOUT

2,904,30

o

-
P

&

1,068.75

o

1,810.801,771.20

&

g?

F

'I?-#:b

PHOTOVOLTAIC
2,453.55
1,617.00
886.95 802.65 72240 758.85 71520 769.50
\561‘ \\._,(F' & ‘}%‘S‘.} 6‘1&:‘ fPé & ¢ zé&\
pes o o i
of < ¢
Months

Diagram 1 — Monthly consumption of electricity without photovoltaics

If we install a photovoltaic system with an installed power of 7.2 kWp, we get the following
production, i.e. electricity consumption:

Table 6 — Production and consumption of electricity with a photovoltaic plant with an installed

power of 7.2 kWp
ELECTRICITY CONSUMPTION WITH PHOTOVOLTAICS
Total Slaariche Total price for Total price for
von, |Produced electricity .| etearicy i?:mmmit:nml ::;:r“'". purchased :!:;: delivered
from photowoltaics taken fram the high tariff [kWh] | low tarift electricity [kWh] electricity
grid [KWh] Wh] [denars] [denars]
Janwiary 92,43 241187 2,465.42 1,056.02] 1,409.40 16,771 53.55
Februiry 529.69] 539,06 775.81 299.23] 476.58 4,955 236.75
March 753.34| 1,057.45/ 131157 535.11 776.46] 8, 456] 254,11 Griida
April 419,45 85174 1,167.58 537,43 640,55 7.748 316.25
May 1,112.17 -235.23) 48171 104, 56] 28715 3,128 706.93
June 1,094 268,49 24158 15160 249.97) 2.926] 730,01
luly 1,215.70] -453 30 379.31 147.26) 23205 2,481 87060
[August 1.175.88] -417.03] 406.97 165.18] 241.74 2674 B23.94
September g56.94] -241.74] 424.13 179,65 244, 2,804 665,87
October 672.27] a7.2] 494,38 197.72 20665 3,199] 405.22 S0
November 469, 23] 1,147.77] 1272078 621.02 651 8,630 125,01
December 383,57 2.063.58) 2,127.83| 1,055, 96| 1,071.86) 15,166 57.85
TOTAL: 9,77L.81 6,509.34] 11, 749.40( 5,170.95] B 78,938.00] 5,248.10 15,350.68|
L —_—
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CASE B - ELECTRICITY CONSUMPTION WITH

PHOTOVOLTAICS
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B Delivered electricity [kWh]
Diagram 2 — Monthly production and consumption of electricity with a photovoltaic plant with

an installed capacity of 7.2 kWp

If we add a 10 kWh battery bank to the installed photovoltaic system of 7.2 kWp, we get the
following production, i.e. electricity consumption:

Table 7 — Production and consumption of electricity with a photovoltaic plant with an installed
power of 7.2 kWp and a battery of 10 kWh

COMBUAMPTION WITH PHOTONCLTAIL SYSTEM OF 7.2 ki AND BATTERY OF 100
Totsd price foe
e [muu Total elecoricity | Total eleoricry | ey taken | Becoricny tkes Dafivesed | Total price for
Minnih P From i imken from the ftalien broem tha | feom e prid in @ | feom e prid ing ehechricity detoered
whi batbery [k rid [ewn] | igh v W | e tarif [Wh) [Senn [wwhi 1l
Larmag | LALLET| | R | 1, 406,10 LO0R 27 1388 14) 16,21 [T ]
Triap T 539 06{ | 16177} [T 172.55{ [TTs ET] 5397)
| (AT, [ 1517} 1,157.43 T 7.1 [T
rcus 315.26] min nn . sy aiiﬁ nﬁ_ T R
L1z 17] -azs AT 3 ol .7 FTEAT| L33 2
[igvn LA 88,43 3112 51 e 73] 17887} L157] 5L
Hpan L% 7 -3 08 ML ik 13551 121 1| | Sl
Ay umﬁ ATT0 1514 . 148 54 1ap04| [T S5
Cr i Tl -J41, 74 Fr =% F FalY 1904 1594279 s ) a7
et w7217 a1 6.5 L 0, &) . 1.7 LEM| 156 145 )
Heemaetigm =X L147.77] 4.0 [T | L17LE] 36,13} 7,7 [T |
w 35 20655 %] 5137 107511 Looa 77| L7154 14615 [
mTHG; Lmﬂ 50| u?u_ll 21 :mﬂ L3 L wmm|  aman| 700
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CASE € - PHOTOVOLTAIC SYSTEM 7.2 KWp AND BATTERY 10 KWh
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Diagram 3 — Monthly production and consumption of electricity with a photovoltaic plant with
an installed power of 7.2 kWp and a battery of 10 kWh

If we add a 15 kWh battery bank to the installed photovoltaic system of 7.2 kWp, we get the
following production, i.e. electricity consumption:

Table 8 — Production and consumption of electricity with a photovoltaic plant with an installed
power of 7.2 kWp and a battery of 15 kWh

ELECTICITY CONSLINGPTSON WITH PHOTOAVDLTAIC SYSTEM OF 7.2 kW AND BATTERY OF 15 kWh
Produced W Totsl electricity | Totl alectricty | Blactricty taken | Becwicity taken | T2 P 10 | bopinred "’:Im'"
Month  |eleciricity from|  Prosums: | waken feoen the taken from the | From the grid im a | frem the gridina ol electrigty =
photowaltalcs ook battery [krh) grid [KAh] | bigh tarfi [RWH] | ow tardff [KWh] I'““"]"' [kwn] Rhkctuactty
[ianiary | 241157 434 58] G777 280154 10m 22 139272 16, 191 [T
[February 52964 520,08 | 18354 A 3 16687 3 :-.ﬂ 226
[hasrch 753.34) LOST 0.3 1E1.88 1.5 7| | ?ﬁ [ IR 2006700
1] 515 BS174 [Er] 240,54 76 5] 312.84 E14.15] 5, 715) 4304
L112 T [y A 24 361.00] L7l 1. 70| 119.01] i | 258,14}
E 1,081 14 -2BR A MiL.12 314,00 11743 ML 106 13155/
Ity 125,70 FTET 363 00] aﬁ' M 365 = 3 anT
1,175 88 417, LA m'.lﬂ .22 oy 54 £41 T4
[Sentember 56, 4] ML 0,12 14| 14384 .56 | | 28a.51) p—
[Octaber &72.27] 7.3 26,52 265.93| 23708 1261 2025 1415 %6.97) '
Novemiber 468,73 L147.77] 34477 11183 1,161 36{ 525,48 3488 7.7 113
|Cecember 315 206558 BN 53.19] 2.074.83] 100309 | 14,6071 [T |
|roTaL: 9,771.81] 5, 509.34] a,517.85] 2, 760.64] 0,002, 6] 3,485,407 5512.18] 55560000 1857300 543261
| —
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CASE D PHOTOVOLTAIC SYSTEM 7.2 KWp AND BATTERY 15 KWh
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Diagram 4 — Monthly production and consumption of electricity with a photovoltaic plant with
an installed power of 7.2 kWp and a battery of 15 kWh

The following diagrams represent a comparison between Case A, Case B, Case C and Case D:

TOTAL ELECTRICITY TAKEN FROM THE BATTERY
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Diagram 5 — Taken electricity from a battery
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TOTAL ELECTRICITY TAKEN FROM THE GRID
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Diagram 6 — Electricity taken from the grid

DELIVERED ELECTRICITY
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Diagram 7 — Electricity delivered to the gnd

BEMAKII 360pnuk na pegpepaiuu 334



Meéynapoona kongepernuyuja “EHEPIETHKA 2024 | International conference “ENERGETICS 2024”

ANNUAL COSTS FOR ELECTRICITY
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Diagram 8 — Annual costs

4. CONCLUSION

Since the installed power from photovoltaic panels is 7.2 kWp and the nominal output power
of the inverter is 6 kW, the photovoltaic plant is well dimensioned according to the consumption.
In our case. it is not profitable to store electricity in batteries. Storing electricity in batteries would
be more cost-effective if the system were oversized, 1.e. 1f a larger amount of electricity would be
transmitted to the grid than it would be taken from the grid, because in that case the price for
delivered electricity would be lower than the price which is in our case.
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