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ABStract. The number of households using/air conditioning (AC) systems in tropical climates has significantly

ased in a few decades: The off-grid AC-powered solar PV becomes a new option for AC users to reduce electricity.

from existing grid sources. Therefore, optimization is required to size the supporting equipment in off-grid PV
infllations. This study simulates various equipment configurations such as nominal power (400 Wp, 550 Wp, 500
Wjand 660 Wp), number of PV units (adjusted to the total load accordingly), and battery arrangement to obtain the
petformance ratio, losses, and battery performance for AC-powered solar PV applications. We use university
classrooms equipped with two units of 1-hp split AC and other supporting typical class-electronic equipment at about
2,168 watts and 18,232 Wh of load and energy consumed per day respectively. The simulation results indicate that a
configuration consisting of eight 550 Wp PV panels coupled with.a 17.05 Ah Li-lon battery yields the highest
performance ratio, minimizes energy losses, and achieves the most balanced battery performance.

INTRODUCTION

The number of air conditioners used in households has significantly increased due to rising environmental
temperatures and air pollution issues, making AC necessary for comfort and. health. Urban areas in tropical
climates are the most affected by climate change and the urban heat island effect, leading to increased indoor
cooling loads and potentially impairing work productivity [1]. Currently, global air conditioner usage consumes
round 1 trillion kWh of electr1c1ty annually, which is expected to increase tenfold by 2050 [2]. Another factor
riving the increased use of AC is the rising demand for occupant comfort, as people in both residential and
commercial settings prefer to maintain an optimal indoor temperature [4]. Uncomfortable indoor temperatures
and working environments can lead to health issues and are crucial for keeping occupants' productivity.

The increased use of air conditioning leads to higher electricity consumption and, if the energy source is non-
renewable, contributes to climate change. This also exacerbates the urban heat island effect and increases exposure
to ambient heat. This means that the AC significantly impacts energy consumption and the environment,
prompting research into developing more efficient systems that use less energy and have a lower environmental
impact. Using solar energy formechanical cooling becomes an option for this issue. Rebelo [3] has compared the
solar thermal cooling system with the solar PV system and found that the Efficiency of PV cooling system
demonstrated higher efficiency and better performance compared to the thermal cooling system under varying
conditions. Besides that, the PV cooling.system with energy storage proved to be more cost-effectivein the long
run due to lower operational costs and higher energy efficiency..A.study-of solar PV-driven air conditioners has
been conducted by [4], exploring various configurations to match the PV power generation with the air
conditioner's power consumption. The study of PV configuration has been explored by focusing on maintaining
high efficiency even under partial shading conditions. The paper presents a design for a stand-alone photovoltaic
(PV) system intended to supply electricity to a rural household in Jordan. The design process includes assessing
site radiation data and household electricity consumption. System reliability is evaluated using loss of load
probability. A computer program is developed to simulate PV system performance and optimize the configuration
of PV arrays and battery banks based on reliability and cost considerations. Simulation results demonstrate that
various PV array and battery combinations can achieve the required reliability levels, with significant cost
differences among configurations [5]

This study aimed to evaluate the PV configuration for PV-driven AC which are differentiated based on voltage,
current, and the number of inverters and batteries in order to determine the best in the performance ratio, loses,
and battery performance for AC-powered solar PV applications.
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& METHODOLOGY

=

n LoAbD Profile

F 2

g ¥ = X A university classroom is used to depict the hourly energy usage as a load profile for the input simulation
- process. We use two ACs with a 1-hp rate capacity as the major load and other supporting equipment in the
= classroom as shown in detail in Table 1. The total power consumption of the equipment is 2,168 Watt and energy
g- consumed per day assumed to have 18,232 Wh.
o )
% 2 TABLE 1. Energy consumption in test-chamber
= =
E Lo:h:ll component Power per unit Quantity Number of Energy consumed
; = W) hours/day per day (Wh/day)
2 -
[ Lamps 36 8 11 3,168
- M
% AC'S 840 2 8 13,440
5 »
~-* -
v Projector 200 1 8 1,600

F3

ﬂ Total daily energy 18,232

—S';

The hourly load profile in a day from Table 1 can be conceived in Fig. 1. We assume the AC operated from

8 a.m. to 4 p.m. and other electronic equipment is adjusted accordingly.
2500 (T
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FIGURE 1. Hourly Distribution Load

In this study, we employed several parameters as measuring media to evaluate solar energy performance,
including solar irradiation (kWh/m?), potential energy production (kWh), energy availability from solar photons
- (kWh), energy stored but not used,(kWh), and energy absorbed in batteries (kWh). Additionally, we determined
the solar fraction, defined as the ratio of'energy. consumed from solar power to the total energy consumption of
the user. This comprehensive analysis aimed to provide insights‘into the efficiency and effectiveness of solar
energy utilization [6].

PV Power[W] = PV Modules area [m?] X Irradiance[W/m?]
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System Configuration

We use the PVsyst version 7.4 to simulate with a stand-alone mode system. The system configuration is
divided into four schemes as shown in Table 2 and Table 3 for PV and Battery configuration respectively. We
adjust the PV rate capacity per panel according to the manufacturer which has various total capacities.
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TABLE 2. PV Configuration

e@!) XeHO

w

yel

<

PV system
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e Grid

E_Use

- EFrGrid

E_BatDisch User

Battery

FIGURE 2. Charging mode scheme (no supply from PV)

We use coordinates location at -6.37, 106.82 and set the temperature of 25°C for outdoor environment. We set
stand-alone PV in the system and designed to operate in several modes to ensure optimal performance, including
charging mode, discharging mode, and night mode. During charging mode, as illustrated in Fig. 2, the PV panels
. 5 generate energy during the day, which is stored in the batteries. At night, when the PV panels are not operational,
the stored energy in the batteries supplies power to the system. The system is designed with an autonomous day
lighting ratio of 1:2, meaning that the energy stored during one day can supply energy for up to two nights. This
configuration ensures a reliable energy supply for the intended load, even in the absence of sunlight.

Configuration

= ' dule
L) a’_ A B C D
E% Qdaniacturer Trinasolar Trinasolar Longisolar Trinasolar
Q3 —
E-‘; g/lo :' TSM-DE18M- TSM-DEG21C- LR5-54HPH- TSM-DEG21C-
§ e g 500 20-650Wp Vertex 400M 20-660Wp Vertex
-Q =
2 £ Unitgom. power (Wp) 550 500 400 660
<3
ca Nun‘%er of PV module 8 12 16 9
-~ T
£33 TotafRV capacity (Wp) 4.4 6 6.4 5.94
£ =2
:_5; g. 8 TABLE 3. Battery Configuration
@ o 2 Configuration
52 Batt@y
- & o A B C D
®c
3-: Man§acturer Pylontech Pylontech Concorde Pylontech
=
TS Teclﬁ'olo Lithium-ion Lithium-ion Lead acid Lithium-ion
< gy
s 9
-2 Rack Rack Rack
® £ Model PVX-560T
% F PhantomX 50AhiPhantomX S50Ah PhantomX 50Ah
£ 2. Unit nom. power (kWh) ~ 17.05 17.5 17.05 17.05
>S9
55 Number of Battery 1 1 1 3
oo
2 3 Total capacity (kWh) 17.05 17.05 17.05 17.05
=0
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E E_Avail E_Grid
= PV system —_— —_——— Grid
Q E_User
2 S
oX 8 E_BatCh User
o
55 3,
5 —_—
n g L
3 .. Battery
g @2
g_. E FIGURE 3. Discharging mode scheme (when in full direct sunlight)
T (1)
e Figure 3 illustrates the discharging mode, where the batteries are in a fully charged condition and cannot accept

additional charge from the PV panels because they have exceeded their depth of charge capacity. At this mode, if
* the load can be supplied directly, the excess energy generated by the PV panels becomes unused, resulting in
energy losses. This highlights the importance of optimizing the storage system to minimize energy wastage and
enhan_ge the overall efficiency of the stand-alone PV system [8]

ueibe

q
-—
; EFrGrid
= PV system Grid
Q
1
-
Q .
If Battery full and authorized  _ _ _ E User User
r CEFrGri
E_BatDischl
|
Battery

FIGURE 4. Night mode when battery full

At night, as shown in Fig. 4, there is no solar irradiation, and the system relies entirely on the batteries to
power the load. The battery capacity (Wh) is calculate using following equation:
DEC — (ADL x t)

n X DeD
where DEC is daily energy consumption (Wh), ADL is the average day load (W) and ¢ is the number of hour of]
effective charging, # and DoD is the battery efficiency from manufacturer and depth of charge in %.

Battery Capacity =

)

RESULT AND DISCUSSION

ns ueyyngakusw uep ueywnjuesuaw edue; 1ul sijn} eAie) yninjas neye

The simulation results indicate that Configuration A is the most effective among the four configurations
3 evaluated. Nearly all the energy generated by the system is directly distributed to the load, resulting in'a system
" efficiency rating above 1, whichiis considered optimal for a solar power plant. Meanwhile in Configuration B, the
- voltage and current output are lower than those.in the comparison system. Increased:battery temperatures
negatively impact the chemical reactions'within the battery, leading to a rapid depletion of pewer:

Configuration A produces the least amount of unused energy due to its smaller capacity relative to the other
configurations. The balanced energy supply between the PV panels and the battery prevents the battery from being
in a continuous charging state throughout the day, thereby minimizing power losses due to a full battery.

Configuration C achieves the highest solar fraction, as all the energy produced by the PV panels is successfully
stored in the battery. This is attributed to the use of the greatest number of panels among the configurations.

TABLE 5. Parameters defined from each configurations
Configuration

A B C D

Parameters

Balance and main results
Unused energy (kWh/day) 427.58 506.90 593.38 619.60
Solar fraction ratio 0.97 0.96 0.99 0.99
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Meteo and Incident energy

Wind velocity (m/s)/monthly 1.075 1.073 1.075 1.075
Glob_aﬁ horizontal irradiation(kWh/m?)/monthly 147.3 147.3 147.3 147.3
iZmb‘ient temperature (°C) 25.49 25.48 24.49 25.45
- :S_ky d:iffuse incident in collector (kWh/m?)/monthly 47.34 47.32 47.3 47.31
<Balances of Currents in System Operating
Eérray_current (Ah) 6746.40 5874.23 5587.47 9429.50
.Batte‘ry charging current (Ah) 477.24 416.36 434.06 484.15
Battery discharging current (Ah) 452.29 391.95 404.07 456.41
Ohmic losses (%) 3.12 4.58 4.20 6.89
F)

Si= lations conducted for four configurations show that the results are fairly consistent;, particularly in
* determagning the solar fraction. The solar fraction is defined -as the amount of energy provided by the solar
techn@ogy divided by the total energy required. This fraction ranges from zero, indicating no solar. energy
utiliz#8on, to 1.0, indicating all energy is provided by solar technology. The solar fraction savings of a system
deperng on various factors, including load, collection and storage sizes, operation;.and climate[10].

Ewesy simulation exhibits losses due to battery charging, as indicated in the table showing unused energy in
the sigmlation results: These losses in PV plants are primarily caused by overcharging, which occurs when too
manygorage batteries are used, leading to inefficiencies in the power plant or wiring system.

Figre 5 shows the wiring diagram system from PV Array, system and user. A wiring diagram is a simple
visual representation of the physical connections and physical layout of an electrical system or circuit. It shows
how the electrical wires are interconnected and can also show where fixtures and components may be connected
to the system.
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FIGURE 5. Wiring Diagram System
Figure 6 below illustrates the optimal configuration and layout for the classroom's load. This configuration is
achieved by arranging 4 PV modules in 2 strings on the right and left sides of the roof, with a recommended
installation slope of 10 to 15 degrees, oriented north and south. Using a battery rack with a capacity of 17.5 kW,
this system can supply energy for two days without sunlight.
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FIGURE 6. Layout PV Panel

CONCLUSIONS

Ome-primary goal of thisstudy is to explore the substitution of existing fossil energy with clean energy directly
from e sun using a stand-alone system. In this context, photovoltaic (PV) panels are combined with pack bundle
batterf¥s to serve as the primary energy source for cooling systems (air conditioning) in primary-class buildings
withigsovernment areas, specifically university buildings.

To conduct a thorough technical analysis and assess the feasibility of PV-battery systems, we examined each
configuration considering real-time weather conditions, load demands, and the materials used in the system
" scheme. The most suitable system for this preliminary system are 550 Wp panels, arranged in 4 series and 2
parallel with 1 pack rack battery this system can reach 0.974 fraction solarratio.

For future work, we aim to build on the results obtained in this paper by investigating strategies to minimize
both the energy losses and the storage system, focusing on'these aspects as the main optimization criteria.

ACKNOWLEDGEMENTS

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or
publication of this article: This work was supported by the Politeknik Negeri Jakarta [grant numbers
370/PL3.A.10/PT.00.06/2024].

REFERENCES

—
—_
—_

A. E. Stagrum, E. Andens, T. Kvande, andJ. Lohne; “Climate change adaptation measures for buildings-

A scoping review,” Sustainability (Switzerland), vol. 12, n0..5, Mar.2020, doi: 10.3390/sul2051721.

M. E. Kahn, “The climate change adaptation literature,” Rev Environ Econ Policy, vol. 10, no. 1, pp: 166—

178, Dec. 2016, doi: 10.1093/reep/rev023.

B. J. Huang et al., “Design of direct solar PV driven air conditioner,” Renew Energy, vol. 88, pp. 95-101,

Apr. 2016, doi: 10.1016/j.renene.2015.11.026.

A. Lamrani Alaoui er al., “An investigation towards optimizing the construction materials and

configurations of buildings for improving.energy efficiency and consumption.insmorocco,” Buildings,

vol. 13, no. 7, Jul. 2023, doi: 10.3390/buildings13071705.

[5] R. Ndegwa, J. Simiyu, E. Ayieta, and N. Odero, “A fast and accurate analytical method for parameter
determination of a photovoltaic system based on manufacturer’s data,” Journal of Renewable Energy, vol.
2020, pp. 1-18, May 2020, doi: 10.1155/2020/7580279.

[6] A. Lamrani Alaoui et al., “An investigation towards optimizing the construction materials and
configurations of buildings for improving energy efficiency and consumption in Morocco,” Buildings,
vol. 13, no. 7, Jul. 2023, doi: 10.3390/Buildings13071705.

[7] A. Syuhada and S. Edhy, “Experimental review of cold storage for fishery products in Aceh Island using

solar energy,” Disseminating Information on the Research of Mechanical Engineering-Jurnal Polimesin,

vol. 21, no. 1, 2023, [Online]. Available: http://e-jurnal.pnl.ac.id/polimesin

—
[\
—

—
W
—_

: J2aquins ueyangakuaw uep uexwmue)uaw edue) juj sijn} eAiey] yninjas neje ueibeqas diynbuaw Huese|iqg ‘L

~
~
=



epIRder LaBaN YiwiNod izl eduey

undede jnjuaq wejep 1ui sijn} eA1ey Yyninjas neje ueibeqas yelueqiadwaw uep ueywnwnbusw buese|iq ‘'z
eyieyer 1abap yiuwya3ijod sefem buek uebunuaday) ueyibniaw yepn uediynbuad °q

*yejesew njens uenefuy neje ynj uesjjnuad ‘uesode| uesijnuad ‘yejwj efiey uesijnuad ‘ ueniEuad ‘ueyipipuad uebunuada)] ynun efuey uediynbuad ‘e

Dong, “Energy storage and applications—A New Open Access Journal,” Energy Storage and
pplications, vol. 1, no. 1, pp. 1-2, Jun. 2024, doi: 10.3390/esa1010001.

Basmadjian, “Optimized charging of PV-batteries for households using real-time pricing scheme: A
odel and heuristics-based implementation,” Electronics (Switzerland), vol. 9, no. 1, Jan. 2020, doi:
).3390/electronics9010113.

A. M. Said, M. A. L. El-Shaarawi, and M. U. Siddiqui, “Alternative designs for a 24-h operating solar-
ywered absorption refrigeration technology,” International Journal of Refrigeration, vol. 35, no. 7, pp.
1967-1977, Nov. 2012, doi: 10.1016/J.IJREFRIG.2012.06.008.

—
\O
—

e1dp ey

POLITEKNIK
NEGERI
JAKARTA

Jaquins uexpngakuaw uep ueywnjuesuaw edue) 1ui sijn} eAiey yninjas neje ueibeqas diynbusw buese|iq °L



