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Abstract: The purpose of this article is to analyze the ef-
ficiency of electricity generation in photovoltaic systems
located on the building made on the basis of HIT-IBC
cells for multi-family residential buildings. The compara-
tive analysis of the efficiency of electricity generation by
photovoltaic (PV) installations made of two cell types - Het-
erojunction with Intrinsic Thin-layer-Interdigitated Back
Contact (HIT-IBC) and classical mono-crystalline silicon
(mono-Si) - showed that the efficiency of HIT-IBC cells is
60% higher. These cells were selected for use as photo-
voltaic systems located on the building to cover the de-
mand for electricity through an exemplary multi-family
residential building, consisting of 35 apartments divided
into two, three and four-person households. Considering
the previous calculations, in which it was shown that a
PV installation made of HIT-IBC cells (PV1) is able to gener-
ate 192,75 kWh/(m?y), annual electricity production was
calculated by the indicated photovoltaic installation. It
was found that the photovoltaic installation located on
the roof of the building, based on HIT-IBC cells, will allow
to cover the total electricity demand by a selected multi-
family building. In addition, the installation’s payback pe-
riod of 9 years was calculated, which takes a high place
in the lifespan of photovoltaic installations of 20-25 years
and thus ensuring the economic efficiency of the adopted
technical solutions.
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1 Introduction

Increasing electricity prices mean that the cost of using
electricity receivers is the largest percentage of household
budget spending in modern households. In order to pre-
estimate electricity consumption in households, reference
quantities should be used given in the study by the Baltic
Energy Conservation Agency SA as part of the European
Commission’s program called "Electricity Efficiency (EL-
EFF) Region - Improving Electricity Efficiency in 8 Euro-
pean Regions" [1]. The most important parameters needed
to carry out the analysis of electricity demand include: the
area of the flat, the number of people living in the house-
hold, the basic features of the building and the furnishing
of rooms with electrical equipment. The analysis of the de-
mand for electricity, for the analyzed multi-family residen-
tial building with calculations, was made taking into ac-
count the number of people living, divided into two-, three-
and four-person households. The presented methodology
is in line with the method proposed by the Central Statisti-
cal Office, which systematically conducts surveys of house-
hold budgets in Poland [2].

The analysis was made on the basis of the laboratory
results presented in the previous article [3]. The aim was to
present a comparative analysis, taking into account opera-
tional conditions, ensuring maximum efficiency of photo-
voltaic systems located on the buildingbased on two pho-
tovoltaic cell technologies: PV1 — HIT-IBC cells based on
monocrystalline silicon and PV2 — classic mono-Si cells [4].
In order to carry out the analysis, measurements were
made taking into account the influence of the working tem-
perature and the tilt angle of the cells and the intensity of
solar radiation [5].
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2 Experimental procedures

A comparative analysis of the efficiency of electricity gen-
eration by building photovoltaic installations made of two
types of cells - HIT-IBC (PV1) and classic cells of monocrys-
talline silicon (PV2) was carried out. The analysis was
based on the results of measurements of both types of cells
in laboratory conditions (Figure 1) [6]. Then, it was related
to the actual environmental conditions corresponding to
thelocation of the installation in Lublin, assuming that the
installation area of both installations is the same. The first
tested sample was a HIT-IBC cell, labeled as PV1, produced
by the SunPower, with a surface of 0.0153 m?, dimensions
125x125 mm and with efficiency level of 22,5%. The second
examined sample included in comparative analysis was
a silicon-based solar cell, labeled as PV2, manufactured
by EverbrightSolar Company, with a surface of 0.0239 m?,

dimensions 156x156 mm and efficiency level of 18,5% [3].

The main feature of the laboratory stand was the Discov-
ery DY600C climatic chamber, cooperating with auxiliary
equipment such as a pyranometer, solar simulation sys-
tem and a computer with software specially created for test-
ing. These cells were tested at temperatures in the range of
—-20°C to 100°C in increments of 5°C for various angles of
inclination of solar cells from 0° to 60° with a graduation
of 5°, in each case for nine intensity of radiation from 200
W/m? up to 1000 W/m? [7]. Further analysis of energy gen-
erated by installations located in Lublin with solar cells
located at an angle of 30° was carried out, which corre-
sponds to the value used in the design of solar systems
in Lublin. The data used for calculations included average
values of sun intensity and the number of hours of sun-
shine per day, corresponding to particular months of the
year and the maximum cell power for system operation
temperature, according to data from the Lublin-Radawiec
meteorological station [8]. The analysis showed that the
efficiency of installations with PV1 cells is 60% greater
than that of installations with PV2 cells. The calculations
showed that the PV installation made of HIT-IBC cells is
capable of producing 192,75 kWh/(m?-y), while the instal-
lation made of traditional monocrystalline cells generates
only 120,02 kWh/(m?-y).

It follows clearly that the use of the PV systems, made
of HIT-IBC cells, fits right in with the idea of energy effi-
cient building while ensuring economic efficiency of the
adopted technical solutions [9]. These cells have been se-
lected for use as photovoltaic systems located on the build-
ing to cover the demand for electricity through an exem-
plary multi-family residential building, consisting of two,
three and four-person households. The total number of
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Figure 1: Discovery DY600C climate chamber

apartments is 35, which will be inhabited by a total of 90
people. The place for the photovoltaic installation consist-
ing of modules made of HIT-IBC cells will be the roof of the
building with a total area of 508,2 m? [10].

In order to best estimate electricity consumption in
households depending on the number of people, it is nec-
essary to know the electrical equipment used in home use
and their parameters. Information on electricity consump-
tion by individual electrical equipment is placed on the en-
ergy label specified by the manufacturer, which contains
the data on the name and model of the device, as well as
energy efficiency classes [11].

The higher the class, the more energy-efficient and
economical the device is. There are seven main groups
from A to F, which classify devices in terms of their con-
sumption of electricity. The letter A corresponds to the
lowest electricity consumption, so that the device is more
energy-efficient, while the letter F is the least economical
equipment in operation. Devices that allow a high degree
of energy savings are classified as "A +" or even "A +++"
classes [12].
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Table 1: The division of selected devices existing in households depending on the energy classes and type of consumption

The type of device Energy class Electric energy usage Type of consumption
[-] [-] [kWh/y] [-]
The type of apartment 4-person 3-person 2-person

Fridge Class A 320 High
Class A++ 200 Average

Class A+++ 170 Low

Dishwasher Class A+ 260 195 65 High
Class A++ 234 175 58,5 Average

Class A+++ 182 136 45 Low

Washing machine Class A+ 156 104 52 High
Class A++ 140,4 93,6 46,8 Average

Class A+++ 109,2 72,8 36,4 Low

Vacuum cleaner Class A 52 High
Class A+++ 25 Average

Class A+++ 25 Low

3 Results

Analysis of residential divided on two, three and four-
person households, was carried out for three levels
of electricity consumption: high, medium and low. For
each of these stages, 20 household appliances and
radio/television (RTV) equipment with variable energy
classes were specified. High consumption is characterized
by equipment with the lowest energy efficiency classes,
medium equipment used for average consumption, while
low energy consumption uses the most energy-efficient
equipment.

As a device with a changing energy class, a fridge,
a dishwasher, a washing machine and a vacuum cleaner
were specified. The number of people in the apartment de-
termines the time of use of these devices, which translates
into the electricity they consume and generated annual
usage time. The smaller the number of people, the lower
the use of equipment, and thus the greater savings from
the electricity consumed. For other devices, the service life
does not depend on the number of people, and the differ-
ences between energy classes in the consumption of elec-
tricity are so small that they have not been taken into ac-
count. Detailed information on the selected household ap-
pliances can be found in the following Table 1.

Comparing three types of flats, one can notice a cor-
relation between the number of people in the household
and the demand for electricity. The fewer people are in a
given apartment, the lower the electricity they consume. In
the case of high consumption, the demand for electricity in
relation to a four-person household falls by 12% in three-
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Figure 2: Demand for electricity for three types of apartments [1, 2]

person flats and by as much as 30% for double-family
households.

The same applies to medium and low consumption.
For average consumption, the percentage decrease is 11%
and 29%, respectively for 2-people flat. However, for low
power consumption, these values are 9% for apartments
for 3 people and 31% for two-person households. These re-
sults are presented in Figure 2 [1, 2].

According to the assumptions regarding the number
of apartments in the building, an analysis of electricity
consumption in four, three and two-person flats was pre-
pared in a multi-family residential building consisting of
35 apartments: 18 apartments x 2 people, 12 apartments x
3 people and 5 apartments x 4 people. Double flats con-
stitute 49% of all flats in a multi-family building, three-
person flats constitute 36%, while four-person flats consti-
tute 15%.
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Figure 3: Electricity consumption for a multi-family building divided
into two, three and four-person flats

Based on the calculations and simulations carried out,
total annual electric energy consumption was obtained,
which is respectively for double apartments for high con-
sumption, 31 297 kWh/y (for 18 apartments), for average
consumption it is 25 534 kWh/y, while for low consump-
tion it is 25 534 kWh/y, whereas consumption is 18 156
kWh/y. This represents 43% of the total electricity con-
sumption of all apartments in a multi-family building. The
presented data has been placed in Figure 3.

In the case of three-person apartments for high con-
sumption, this value is 27 960 kWh/y (in the case of 12
apartments), for average consumption it is 22 596 kWh/y,
while the low consumption is 16 764 kWh/y. This repre-
sents 38% of the total electricity consumption of all apart-
ments in a multi-family building. In quadruple apartments
for high consumption, this value is 13 135 kWh/y (for 5
apartments), for average consumption it is 10 540 kWh/y,
while low consumption is 7 555 kWh/y. This represents
19% of the total electricity consumption of all apartments
in a multi-family building.

Double flats consume the most electricity in the total
balance for a multi-family building, despite the smallest
unit consumption. This is due to the largest number of
such flats in the building. Regardless of the type of con-
sumption, double flats constitute 43% of total electricity
consumption, three-person ones - 38%, and four-person
apartments - 19%. Detailed results for low electricity con-
sumption are presented in Figure 4 below.

Considering the previous calculations, in which it was
shown that a PV building installation with modules made
of HIT-IBC cells (PV1) is able to generate 192,75 kWh/(m?-y),
annual electricity production was calculated by the indi-
cated solar installation. A roof for a multi-family building

Low electricity consumption for a multi-family
building [kWh/y ]

m Two-person apartments
M Three-person apartments

Four-person apartments

Figure 4: Low electricity consumption for a multi-family building
[kWh/y]

with a total area of 508,2 m? has been selected as the site
for a photovoltaic installation composed of HIT-IBC cells.
The amount of energy that a photovoltaic installation com-
posed of modules with HIT-IBC cells placed on the roof is
able to produce is 97 955,55 kWh/y.

To compare the results, the calculations were repeated
for installations of modules made of traditional monocrys-
talline cells (PV2), able to generate 120,02 kWh/(m?-y).
While maintaining the same assembly conditions (roof of a
residential building), it was calculated that the amount of
energy that a solar installation composed of mono-Si cells
placed on the roof is able to produce is 60 994,16 kWh/y.
It is clear from this that the efficiency of installations with
PV1 cells is 62% greater than the efficiency of installations
with PV2 cells, assuming that in both cases the area occu-
pied by the installations is the same.

Assuming the least favorable case, which is the high
energy consumption in households amounting to 72 392
kWh/y, the installation based on HIT-IBC technology is
able to cover the total energy demand for a multi-family
housing building divided into two, three and four-person
flats, providing surplus electricity produced equal to
25563,55 kWh/y. Regarding to the solar installation, which
consists of mono-Si cells, the amount of electricity pro-
duced during the year is not able to cover the demand
in case of high consumption, it would fulfill its role only
for low or medium energy consumption in households.
The coverage of electricity consumption for a multi-family
building is shown in Figure 5 below.

For further considerations, a solar photovoltaic sys-
tem built using modules of HIT-IBC cells was chosen be-
cause it covers the electricity demand in all three variants
for the shown multi-family building. A photovoltaic sys-
tem generating 97 955,55 kWh per year would have to have
a power of about 97,9 kWp, so a power value of 100 kW was
assumed for the calculation. It was assumed that the cost
of 1 kW on grid PV installation is 5 000 PLN/kW, and this
cost is affected by the type of construction (flat roof), type
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Table 2: Reimbursement of costs for the purchase of a photovoltaic installation based on HIT-IBC cells

Ordinal number Year The energy produced The cost of energy saved Cost of purchase

[] [-] [kWh] [PLN] [PLN]

1 2018 97955,55 58773,33 500 000,00
2 2019 195911,1 117546,66 500 000,00
3 2020 293866,7 176319,99 500 000,00
4 2021 391822,2 235093,32 500 000,00
5 2022 489777,8 293866,65 500 000,00
6 2023 587733,3 352639,98 500 000,00
7 2024 685688,9 411413,31 500 000,00
8 2025 783644,4 470186,64 500 000,00
9 2026 881600 528959,97 500 000,00
10 2027 979555,5 587733,3 500 000,00
11 2028 1077511 646506,63 500 000,00
12 2029 1175467 705279,96 500 000,00
13 2030 1273422 764053,29 500 000,00
14 2031 1371378 822826,62 500 000,00
15 2032 1469333 881599,95 500 000,00
16 2033 1567289 940373,28 500 000,00
17 2034 1665244 999146,61 500 000,00
18 2035 1763200 1057919,9 500 000,00
19 2036 1861155 1116693,3 500 000,00
20 2037 1959111 1175466,6 500 000,00

Coverage of electricity consumption for a multi-family
building by PV installations [kWh/y]
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Figure 5: Coverage of electricity consumption for a multi-family
building by PV installations [kWh/y]

of roofing, length and thickness of cabling, components

used and size of the installation. The cost of a 100 kW pho-

tovoltaic installation composed of modules with HIT-IBC
cells is therefore 500 000 PLN. To calculate the payback
time of the installation, an electricity price of 0,60 PLN/1

kWh and an installation lifetime equal to 20 years was as-

sumed.
The analysis carried out above shows that the return
time of a photovoltaic installation based on modules of

HIT-IBC cells is 9 years, assuming an annual electricity pro-
duction of 97 955,55kWh/y (Table 2).

4 Conclusions

The analysis was based on the results of measurements of
both types of cells under laboratory conditions, and then
referred corresponding to the real environmental condi-
tions for the location of photovoltaic systems (Lublin), as-
suming that the total area of both installations is the same.
The analysis showed that the efficiency of the system with
PV1 cells was 60% higher than the installation of PV2 cells.
When comparing two types of photovoltaic cells intended
for the installation placed on the roof of the building, it
clearly follows that the use of photovoltaic systems built of
HIT-IBC cells fits into the idea of an energy-efficient build-
ing by fully covering the electricity demand of the multi-
occupied residential building consisting of two, three - and
four-person households. At the same time, it may allow the
use of surplus electricity produced for other purposes, in-
cluding to power streetlights around the facility, or electric
heating of nearby pavements or entrance of the building.
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In addition, the installation’s payback period of 9

years was calculated, which takes a high place in the lifes-
pan of photovoltaic installations of 20-25 years and thus
ensuring the economic efficiency of the adopted technical
solutions.
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