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A Study on the Optimal System Sizing of the Standalone
Photovoltaic Power Generation System for Uninterruptible Power Supply

Ki-Young Kim' and Woojin Choi

Abstract

Renewable energy has been increasingly used and widely acclaimed as one of the solutions to rampant
environmental problems. Among numerous kinds of renewable sources, the penetration rate of the PV system is
relatively higher than that of others due to ease of installation. However, one disadvantage of the PV system is
its dependence on weather condition. The PV system is especially critical when it is used for standalone
systems because it cannot operate when the power generated from a PV module is not enough. Therefore, PV
systems are often used with an energy storage system, such as batteries, to store backup energy when the
weather condition is insufficient to supply power to the system. Blackout time can be reduced by increasing the
size of the energy storage system, but it is a trade—off with system cost. In this work, optimal sizing of a
standalone PV system is proposed to supply power to the system without blackout. The sizing of PV modules
and batteries is performed by a simulation based on actual irradiation data collected during the past five years.
The Life cycle costing of each system is evaluated to determine an optimal set of PV modules and batteries
among several different combinations. The standalone PV system designed by the proposed method can supply
power to the system with no interruption as long as the weather condition is similar to those of the past five

years.
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Fig. 2. Measurement of power consumption of the load.
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Fig. 3. Irradiation data at each tilt angle in Seoul, 2012.
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Fig. 4. Monthly average daily irradiation during the past 5
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Model Tracer1210A Tracer2210A Tracer3210A Tracer4210A
Nominal system voltage 12/24VDC auto work

Rated charge current 10A 20A 30A 40A
Rated discharge current 10A 20A 30A 40A

Battery input voltage
range

Max. PV open circuit
voltage

MPP voltage range

8~32Vv

100V(at minimum operating environment temperature)
92V(at 25'C environment temperature)

Va2V ~T72V

130W(12V)
260W(24V)

260W(12V)
520W(24V)

390W(12V)
780W(24V)

520W(12V)

Max. PV input power 1040W(24V)

Fig. 5. Specifications of the commercially available solar
chargers.

TABLE I
SPECIFICATION OF CONVENTIONAL METHOD USING
ANNUAL AVERAGE DAILY IRRADIATION AND 4
NUMBER OF SUNLESS DAYS

Parameter value unit
Annual average daily irradiation 3894 | kWh/m’
Size of PV module 1.64 m'
Maximum power of a PV module 315 W
Efficiency of a PV module 19.2 %
Number of PV modules 2 EA
Number of Sunless days 4 days
Depth of Discharge 80 %
System Voltage 24 \%
Selected Battery Capacity 150 Ah
Number of Batteries 6 EA
Battery Capacity 10,800 Wh
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Fig. 6. PV system simulation code by LabView.

<Condition>
No. PV Modules = 2
No. Sunless day = 4
Battery Capacity = 10, 800[Wh]

£ | |
] Power Failure Time =
) 4,626[h] (342 days) o

System i iod [hour]

Fig. 7. LabView simulation results of the standalone PV
system designed by the conventional method with 2 PV
modules.

Battery SOC graph using frradiation of Glt 30 angle from 2012 to 2016 [%]

<Ceondition>
No. PV Modules = 3
No. Sunless day = 4
Battery Capacity = 10, 800[Wh]

S0C %)

' 20 Mm———_.| Power Failure Time =
-4 50[h] (7 days)
san P =200 200 00 20000 50 <oms <smo soo
System operation period [hour]

Fig. 8 LabView simulation results of the standalone PV
system designed by the conventional method with 3 PV
modules.
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Calculation of the Load
Energy(EL) and
Average Daily
Irradiation(G;,)

¥
Calculation of the
Required PV size(Eq. 2)

{

Selection of the PV
Module and
Calculation of Number
of PV Modules (Eq. 3)

Calculation of the
Power Generation from
PY Modules Epy(Eq. 4)

Calculation of the
Initial Battery
Capacity [Ah] (Eq. 5)

—

Increase the
Battery Capacity[Ah]

Simulation of the
Battery SOC (Eq. %)

Selection of the Battery
and Calculation of
Number of Batteries
(Eq. 6 ~8)

End

Fig. 9. Flow chart of the proposed design method.
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<Condition>

No. PV Modules = 2
Battery Capacity = 33, 600[Wh]

2215

som 10000 15000 33000 <0000 se00 sa00

20000 25000 om0
System operation period [hour]
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Fig. 10. LabView simulation results of the standalone PV
system designed by the proposed method with different

number of PV modules.
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Fig. 11. Variation of the required capacity of the battery
module according to the number of PV modules.
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Fig. 12. Comparison of LCC of each combination of PV
modules and batteries.

TABLE II
COMPARED WITH CONVENTIONAL AND PROPOSED
METHOD TO LLP AND LCC

Parameter Conventional ‘ Proposed
Total maximum power of
PV modules HELW]
Number of PV modules 3
Battery capacity[Wh] 10,800[Wh] 12,960[Wh]
Battery capacity[Ah] 150[Ah] 180[Ah]
Number of batteries 6
Total system operation time 175,584[h]
Power interruption hour 200[h] 0fh]
Loss of load probability 0.12[%] 0[%]
PV module cost 1,001,700[won]
Total battery cost 3153663[won] | 3,511,068[wonl]
Cost of controller 275,000[won]
Installation cost 100,170[won]
Maintenance cost 329,433[won]
Power interruption cost | 219,828[won] O[won]
Life cycle cost 5079,794[won] | 5,217,361 [won]
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