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Abstract: In this study, the design of the components in the system was carried out in order to meet the energy
of a stand-alone farm house in Bilecik city only by a photovoltaic (PV) system. Firstly, the loads to be used in
the farm house have been determined and it has been calculated that the average energy consumption of the
house is 5.58 kWh per day. It was determined that it would be appropriate to use OPzS batteries in the system in
order not to have power outage even if there is no solar radiation for 4 days. Under these conditions, it was
estimated that 28 batteries 2 OPzS 100 model and 12 V values would be needed in the system. Since the farm
house is thought to be used during the whole year, PV panels are estimated to be located at the tilt angle of 40°
on the roof, which is the latitude of the city. It has been calculated that 12 PV panels with Per Light 100 Wp
PLM-100P/12 model should be used for the system. It has been proposed to use a central inverter system for the
design and it is calculated that the inverter should be at least 6 kW power.

Keywords: Stand-alone PV system; battery; inverter; charge controller

Tiirkiye’de Bilecik ilinde Yer Alan Bir Ciftlik Evinin Sebekeden
Bagimsiz FV Sistem Tasarimi

Ozet: Bu ¢alismada, Bilecik ilinde sebekeden uzak bir ¢iftlik evinin enerjisinin tamamen fotovoltaik (FV) sistem
ile karsilanmas1 amaciyla sistemde bulunan bilesenlerin tasarimi gergeklestirilmistir. Oncelikle ciftlik evinde
kullanilacak yiikler belirlenmis olup evin ortalama giinliik 5.58 kWh enerji tiikkettigi hesaplanmistir. Bu enerjinin
kargilanip 4 giin art arda gilines 1s1nim1 olmasa dahi enerjinin kesintiye ugramamasi amaciyla sistemde OPzS
akiilerinin kullanilmasinin uygun olacagi belirlenmistir. Bu kosullar altinda sistemde 28 adet 12 V degerinde 2
OPzS 100 model akiilere ihtiyac duyulacagi hesaplanmistir. Ciftlik evinin yil boyunca kullanilmasi
diisiiniildiigiinden FV panelleri ¢atiya ilin de enlem acis1 olan 40° lik egim acisinda yerlestirilmesi
ongorillmiigtir.  Sistem igin Perlight marka 100 Wp PLM-100P/12 model FV panellinden 12 adet kullanilmasi
gerektigi hesaplanmigtir. Tasarim i¢in merkezi evirici sistem kullanilmasi 6nerilmis olup eviricinin en az 6 kW
giiclinde olmasinin uygun olacagi hesaplanmistir.

Anahtar kelimeler: Sebekeden bagimsiz FV sistem; akii; evirici; sarj kontrolori

1. Introduction

There has been great increase in electrical energy demand due to the developments in technology
and the industrialization. Much of the electrical energy is supplied by fossil fuels. However, the
gases arising from the burning of the fossil fuels pollute the environment and cause global warming.
Moreover, the alternative energy sources are considered as the most convenient solution when
taking into account that the fossil fuels will run out in the near future. Among the alternative energy
sources, PV systems are clean, easy to use and simple in construction. Especially, these systems
have gained great importance with the recent investments on PV systems [1-4].
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PV systems are used commonly in many fields such as irrigation systems, farm houses, stand-alone
buildings, space vehicles and military applications. PV systems are generally preferred in stand-
alone buildings and farm houses to meet the electrical energy demand since they are easy in
construction and simple in usage [5,6]. PV systems include PV panels, batteries, charge controller
and inverter components [7]. Solar energy is directly converted to direct current (dc) with the
semiconductor materials used in the PV panels [8]. Since the devices used at homes run with
alternative current (ac), the conversion of the dc to ac is provided by inverters. DC obtained from
PV panels is stored in batteries when the devices at homes do not demand energy. Therefore, the
energy required for the devices when the solar radiation is not enough and during night is provided
by the batteries. Battery charge controller device must be used to prevent the overcharging and over
discharging [9-11].

In this study, a daily energy demand required for a stand-alone farmhouse in Bilecik city is
calculated and the PV panel, battery and inverter calculations are provided for the PV system to be
used. The optimum tilt angles for the PV panels to be placed depending on the seasonal and annual
energy usage of the farmhouse are examined. The batteries, the most important part of the PV
systems, are also examined and the most suitable ones for the system are determined. Moreover, a
central inverter system is recommended for the system by identifying its advantages and
disadvantages.

2. Design of Stand-Alone PV System
There is no electrical connection in stand-alone PV systems. Such systems are often used to meet

the electricity needs of stand-alone buildings and farmhouses located at remote areas. The
schematic of the stand-alone PV system is shown in Figure 1 [12-14].
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The energy of the system is provided by PV panels. The energy obtained from the PV panels is
stored in the batteries. DC energy stored in the batteries in converted to ac energy by the inverter.
Meanwhile, when solar radiation is not available (night time) or when it is inadequate, the energy of
the system is provided directly from the batteries. The components used to balance the system
components and are between the production and consumption of the energy are called as balance of
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system (BOS) components. BOS components are charge controller, batteries, inverters, cables,
fuses etc. [15-17]. It is important to determine where the system will be installed before the system
is designed. Solar radiation differs from region to region on a daily, monthly and seasonally. For
this reason, when such systems are designed, meteorological information such as average annual
sunshine duration, number of cloudy days, temperature values should be known. Turkey is located
between 36°-42° North latitudes and Turkey’s yearly average total sunshine duration is 2640 h and
the yearly average solar radiation is 1311 kWh/m?. Therefore, Turkey is well situated in terms of
solar energy potential. The design of the system was carried out for Bilecik province, which is on
40 ° latitude in the west of Turkey. The daily average sunshine duration in Bilecik city is 6.6 h and
yearly average total sunshine duration is 2424 h. The daily average solar radiation is 3.87 kWh/m?
and the yearly average total solar radiation is 1412 kWh/m2. When the values of sunshine and solar
radiation are examined, it is seen that solar potential of Bilecik province in Turkey is appropriate
[18].

3. Determination of Components
3.1. Determination of Loads

The first step in designing the system is to calculate the average amount of daily energy that the
farm house will consume. Table 1 shows the household devices and the energy amount that they
will consume. The calculations have been carried out with the assumption that the devices to be
used at home are energy-saving.

Table 1. Energy consumption of household devices

Household Al . A2 A?’ . Ad AS
Devices Number| Rated Adjustment | Adjusted | Daily Usage Energy Cons.
Power (W) Factor Power (W) (h/day) (Wh/day)

(Ll'g*:/tvg’“'bs 8 120 0.90 134 6 800
Refrigerator 1 100 0.90 112 8 896
Television 1 100 0.90 112 6 672
Computer 1 120 0.90 134 2 268
\rﬁ]\’:‘;:‘l':é’ 1 700 0.90 778 0.6 467
Dishwasher 1 1200 0.90 1333 0.4 533
Other devices - 1750 0.90 1944 1 1944
Total - 4090 - 4547 - 5580

The Al column in the Table 1 shows the rated power values of the household devices. The sum of
these values gives the total maximum ac power value of household devices (4090 W). The value in
A2 column is adjustment factor and is related to the inverter efficiency (0.90). A3 value is
calculated by dividing the Al value to A2 value and the sum of this value gives the total maximum
dc power value (4547 W). The daily operating hours of household appliances are shown in A4
column. Daily operating hours have been calculated considering that devices such as washing
machines and dishwashers are operated once or twice a week. The values in A5 column are
calculated by multiplying the A3 values by A4 values. This value is 5.58 kWh and is the average
energy amount of the house.

3.2. Determination of Battery Sizing and Selection of Battery Type

In stand-alone systems, there must be batteries in order to be used during night time and when the
solar radiation level is not adequate. Deep cycle batteries are required in PV systems. Such batteries
are generally lead acid batteries. Among the lead acid batteries, OPzS batteries are preferred, which
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has a long life span of 15-20 years, require less maintenance, can be discharged slowly and can be
discharged up to 80% of its capacity. These batteries are among the most appropriate batteries for
the stand-alone PV applications [19,20].

Battery autonomy should be taken into account when calculating the battery number in the system.
Days of autonomy are the number of the cloudy days coming from each other sequentially in a
month and where no energy is not generated from PV panels [21]. This value differs from region to
region. For example, the autonomy value of the Mediterranean Region is lower than the Black Sea
Region. This value should be chosen using the meteorological information and taking the worst

weather conditions into account. The values of the battery calculation are given in Table 2.

Table 2. Calculation of battery values

B1 B2 B3 B4 B5
Battery Bus Daily Days of Depth of Battery
Voltage Capacity Autonomy Discharge Efficiency
V) (Ah) (%) (%)
48 116 4 80 91
B6 B7 B8 B9 B10
Required Battery Capacity of Voltage of Number of Number of
Capacity Selected Battery | Selected Battery Batteries in Batteries in
(Ah) (Ah) (V) Parallel Series
638 100 12 7 4

According to the total ac power value in column Al of Table 1, the battery voltage in column B1 of
Table 2 is determined as 48 V [14]. The total daily capacity value (B2) is calculated by dividing the
daily energy amount calculated in column A5 by B1 value. The number of autonomy days for
Bilecik province was selected as 4 days (B3 value). OPzS batteries can discharge up to 80% of its
capacity. For this reason, B4 value was chosen as 0.8. The B5 value shows 91% [22] which is the
maximum charging efficiency of the OPzS battery. B6 value is calculated by Equation 1.

[(B2x B3)/(B4x B5)] (1)

The existing standard voltages of OPzS batteries are 2, 6 and 12 V. For the B7 and B8 values, 2
OPzS 100 models with 100 Ah 12 V were selected. The number of batteries to be connected in
parallel in the system (B9) was found by dividing the value in column B6 by B7. The number of
series-connected batteries (B10) in the system is found by dividing B1 value to B8 value. According
to the calculations in Table 2, a total of 28 (B9xB10) batteries, 7 parallel and 4 serial, should be
used in the system. Since the batteries are chemical products, ambient temperature affects the
efficiency and lifetime of the batteries. Therefore, they are kept away from the operating areas and
kept at the appropriate room temperatures. In this study, the temperature correction factor is not
taken into account considering that the batteries are kept at room temperature of 25 °C.

3.3. Determination of PV Panel Sizing and Selection of PV Panel Type

Because of the movement of the sun during the day, the sun rays do not reach the PV panel directly.
Maximum power can be transferred from PV panels by tracking the solar using one and two axis
solar tracking systems. However, these systems are very complex and costly. Therefore, they are
not much preferred. Instead of these systems, systems which are mounted on the roofs with a fixed
optimum tilt angle are preferred. The important thing is to determine when the stand-alone system
can be used. The system can only be used in winter, summer or spring, or annually. In a system that
will only be used seasonally, PV panels should be placed with an appropriate tilt angle. For the
design of the farm house in Bilecik province, the autumn season optimum tilt angle is 20°, the
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winter season optimum tilt angle is 40°, the spring and summer seasons optimum tilt angle is 10°.
The annual optimum tilt angle is 40°, which is the latitude of the province [8]. The values for the
PV panel calculation are shown in Table 3.

Table 3. Calculation of PV panel values

C1 C2 C3 C4 C5 C6 C7
Annual Efficiency | Required PV | Voltage of Power of Average Energy
Optimum Tilt| of BOS |Panel Output | Selected PV | Selected PV Sunshine Output Per
Angle Panel Panel PV Panel Per
(Wh) V) (W) (h) Day (Wh)
40° 0.87 6414 15.93 90 6.6h 594
C8 C9 C10 Cl11 C12 C13 Cil4
Derating Panel Total Number of | Number of Nominal Nominal
Factor Energy Number of Series Parallel Rated PV | Rated Array
Output PV Panels | Connected | Connected |Panel Output Output
(Wh) PV Panel PV Panel (W) (W)
0.90 535 12 3 4 100 1200

Considering the yearly use of the farmhouse, it is appropriate to place the PV panels to the roof
horizontally with angle of 40° (C1). 5.58 kWh energy calculated in A5 column is the daily total
energy of the house. The efficiency of BOS components is indicated in column C2 as 87%. The
amount of energy (C3 value) that should be obtained from the PV panels daily is found by dividing
A5 by C2. A Perlight 100 Wp PLM-100P/12 model polycrystalline PV panel is selected for the
system. The PV panel data are shown in Table 4.

Table 4. Electrical data of PV panel

Electrical Data of PV Panel Values
Maximum Power (W) 100
Maximum Power Point Voltage (V) 17.7
Maximum Power Point Current (A) 5.65
Open Circuit VVoltage (V) 22
Short Circuit Current (A) 6.21

PV panels cannot always operate at maximum power point (MPP). The values in Table 4 are the
values obtained from the PV panel under standard test condition (STC) (25 °C temperature, 1000
W/m? solar radiation and 1.5 air mass). When the STC changes, the values obtained from the PV
panels also change. Therefore, C4 and C5 values were obtained, assuming that there will be 10%
loss, by multiplying the maximum voltage and power values of the panel by 0.9. Since the system is
considered to be in operation throughout the year, the average sunshine duration of Bilecik is 6.6 h,
which is the C6 value. The amount of energy (C7) produced by a PV panel daily is found by
multiplying C5 and C6 values. Derating factor is factors such as dusting, shading and aging of PV
panel. This factor (C8) is multiplied by the value of C7 and C9 value is calculated, which is actually
the amount of energy that a PV panel will generate. In order to find the total PV number in the
system, the value of C3 is divided by C9 value and it was calculated that 12 PV panel would be
used in the system. The system's battery bus voltage is calculated as 48 V (B1 value). Since the
voltage to be produced by the PV panel is 15.93 V (C4), the PV number that should be connected in
series in the system is calculated by B1/C4. The number of PVs that should be connected in parallel
is found as 4 by C10/C11 operation.
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3.4. Determination of Charge Controller and Inverter Sizing

Charge controller prevents the batteries from being over charge and over discharge by regulating
the current and the voltage obtained from PV panels. Moreover, it provides the maximum power
transfer from PV panels. One of the factors that should be taken into account in the determination of
the appropriate charge controller for the system is that charger controller must be durable to the
maximum current and compatible with the bus voltage. Since the battery bus voltage is 48 V,
charge controller must also be 48 V. Rated current calculation of the charge controller is given in
Equation 2:

lcontrotler =C12x Igc xk (2

Where; in the designed system, PV number connected in parallel is (C12), short circuit of the
determined PV panel is (I:=6.21A) and the current calculated by multiplying the 1.25 coefficient
for the security (k) is found as 31.05 A. Values of 40 or 60 A can be selected according to this
current value. In this case, a charge controller with a value of 48V 40-60 A should be used for the
system.

Since the devices used in houses are operated by ac, the conversion of dc provided by the batteries
to ac (220 V 50 Hz) is carried out by inverter. Many inverter systems can be used in stand-alone
systems. The central inverter system shown in Figure 1 is used in this system. The greatest
advantage of this system is that there is a significant reduction in cost using a single inverter. It is
important to note that the choice of high power inverter for the system will be more flexible as the
load will increase in the future. The main disadvantage of such systems is that any fault in the
inverter will affect the whole system. When calculating the power of the inverter, the total power
must be calculated considering that all devices in the house can operate at the same time.
Meanwhile, devices with inductive loads such as washing machines, dishwashers and refrigerators
should also be considered for over currents during initial operation. Therefore, while calculating the
inverter the value obtained by multiplying the 1.25 coefficient should be taken into account. The
calculation of the input power of the inverter is given in Equation 3.

I:2|nverter = A?’total x1.25 (3)

The minimum power of the inverter needed for the system should be 6 kW. In the system the power
of the inverter should be 6 kW, the input voltage should be 48 V dc and the output voltage should
be 220 V 50 Hz with ac pure sine wave characteristic.

4. Conclusion

In this study, the calculation of the required components needed to meet the energy demand of a
stand-alone farm house using by only PV system was carried out. Some factors such as optimum
tilt angle, daily average sunshine duration, days of autonomy, efficiency of BOS components,
derating were taken into account in the design of the system. The detailed information about the
selection of the components used in the system is given. The application of this system which has
become widespread is becoming more popular. Therefore, this study is carried out with the view
that it will be useful in terms of solar energy applications which will be made in the region in the
future.

914



Karafil, A., Ozbay, H. ECJSE 2018 (3) 909-916

References

[1] Chowdhury, S. A., Mourshed, M., "Off-grid electrification with solar home systems: An
appraisal of the quality of components”, Renewable Energy, 2016, 97: 585-598.

[2] Al-Addous, M., Dalala, Z., Class, C. B., Alawneh, F., Al-Taani, H., "Performance analysis of
off-grid PV systems in the Jordan valley", Renewable Energy, 2017, 113: 930-941.

[3] Yahyaoui, I., Chaabene, M., Tadeo, F., "Evaluation of Maximum Power Point Tracking
algorithm for off-grid photovoltaic pumping", Sustainable Cities and Society, 2016, 25: 65-73.

[4] Karafil, A., Ozbay, H., Kesler, M., "Temperature and solar radiation effects on photovoltaic
panel power", Journal of New Results in Science, 2016, 5(12): 48-58.

[5] lbrahim, O. E. E., "Sizing stand-alone photovoltaic systems for various locations in Sudan™,
Applied Energy, 1995, 52(2): 133-140.

[6] Fara, L., Craciunescu, D., "Output analysis of stand-alone PV systems: modeling, simulation
and control”, Energy Procedia, 2017, 112: 595-605.

[7] Notton, G., Muselli, M., Poggi, P., "Costing of a stand-alone photovoltaic system", Energy,
1998, 23(4): 289-308.

[8] Ozbay, H., Karafil, A., Onal, Y., Kesler, M., Parmaksiz, H., "The monitoring of monthly,
seasonal and yearly optimum tilt angles by raspberry pi card for Bilecik city, Turkey", Energy
Procedia, 2017, 113: 311-318.

[9] Li, C., Zhou, D., Yu, W., Wang, H., Zhu, D., Sun, M., Li, G., "Performance of off-grid
residential solar photovoltaic power systems using five solar tracking modes in Kunming,
China", International Journal of Hydrogen Energy, 2017, 42(10): 6502-6510.

[10] Musa, 1., Haruna, I. U., Haruna, A., "Design of an off grid photovoltaic system: A case study
of government technical college, Wudil, Kano State", International Journal of Scientific &
Technology Research, 2013, 2(12): 175-181.

[11] Khatami, M., Mortazavi, H., Mashhadi, M. R., Oloomi, M., "Designing an off-grid PV system:
For a residential consumer in Mashhad-Iran”, In AFRICON, IEEE, 1-5, (2013).

[12] February, J., Mbav, W. N., Chowdhury, S., "Economic analysis of a stand-alone residential
solar PV system for a typical South African middle income household", In Power Engineering
Conference (UPEC), 48th International Universities'. IEEE, 4-6, (2013).

[13] Chikh, A., Chandra, A., "Sizing and power management for a stand-alone PV system in cold
climate”, In Transmission and Distribution Conference and Exposition (T&D), IEEE PES., 1-
6, (2012).

[14] Oztiirk, A., Dursun, M., "2, 10 ve 20 KVA’lik fotovoltaik sistem tasarim1”, In 6th International
Advanced Technologies Symposium (IATS’11), 16-18, (2011).

[15] Kulworawanichpong, T., Mwambeleko, J. J., "Design and costing of a stand-alone solar
photovoltaic system for a Tanzanian rural household", Sustainable Energy Technologies and
Assessments, 2015, 12: 53-59.

[16] Guda, H. A., Aliyu, U. O., "Design of a stand-alone photovoltaic system for a residence in
Bauchi”, International Journal of Engineering and Technology, 2015, 5(1): 34-44.

[17] Hegedus, S., Okubo, N., "Real BOS and system costs of off-grid PV installations in the US:
1987-2004", In Photovoltaic Specialists Conference, Conference Record of the Thirty-first
IEEE, 1651-1654, (2005).

[18] Karafil, A., Ozbay, H., Kesler, M., Parmaksiz, H., "Calculation of optimum fixed tilt angle of
PV panels depending on solar angles and comparison of the results with experimental study
conducted in summer in Bilecik, Turkey", In Electrical and Electronics Engineering
(ELECO), 9th International Conference on. IEEE, 971-976, (2015).

[19] Jackson, F., “Planning and installing photovoltaic systems. A guide for installers, architects
and engineers second edition”, Londra, ingiltere, 10, (2008).

[20] Rusch, W., Stahlkopf, 1., "Reliable power supply for remote telecom facilities”, In
Telecommunication-Energy Special Conference (TELESCON), 4th International Conference
on VDE, 1-6, (2009).

915



ECJSE 2018 (3) 909-916 Design of Stand-Alone PV System on a Farm House in Bilecik...

[21] Bikos, N., Laochoojaroenkit, K., “Building integrated photovoltaics-tools for implementation
and design approaches”, (2012).

[22] Kubalik, P., Misak, S., Stuchly, J., Vramba, J., Uher, M., "Suitable energy storage in Off-Grid
systems", In Environment and Electrical Engineering (EEEIC), 14th International Conference
on. IEEE, 345-349, (2014).

916



