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Study And Analysis of The Optimal Installation of Solar Cell Systems for Target Areas to

Maximize Energy Efficiency for Residential Loads
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Abstract

The increasing demand for residential electricity has led to
the widespread adoption of renewable energy technologies,
particularly solar photovoltaic (PV) systems. This study focuses
on the installation of Hybrid Off-Grid PV systems in five target
provinces in Thailand: 1. Pathum Thani, 2. Bangkok, 3. Suphan
Buri, 4. Chon Buri, and 5. Nakhon Nayok. Data on solar irradiance,
ambient temperature, and household electrical loads were
collected to evaluate equipment selection and system
performance. The assessment was conducted using three
standard indicators: Performance Ratio (PR), Solar Fraction (SF),
and Capacity Factor (CF).

The results indicate that the average values across the five
sites are PR = 0.8382 (=83%), SF = 0.9222 (=92%), and CF =

0.1562 (=15.6%), which are consistent with international
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benchmarks. Bangkok recorded the highest PR (84.6%), Suphan
Buri achieved the highest SF (116%), and Chon Buri had the
highest CF (17.6%), while Nakhon Nayok showed the lowest
performance across all indicators. These outcomes highlight the
strong influence of site-specific conditions on PV system
efficiency, emphasizing the need for customized design and
installation to ensure economic feasibility and operational
stability. Moreover, the findings provide an essential basis for
future advancements in smart grid integration and intelligent

energy management systems.
Keywords: Solar cell system, Efficiency analysis
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4.1 Performance Ratio (PR)

- nnivufiden PR ogfluzas 0.808 — 0.855 (80.8-85.5%) &
agluNaANUNINTZIY (75-90%)

- ¥aYy3 (CBR) wag awssnuy3 (SPBR) dlen PR gean (0.855
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4.2 Solar Fraction (SF)

- flAsewdng 0.733 - 1.16 (73.3-116%)

- mgaﬁqmwﬂu ANTIUYT (SPBR) 71 1.16 Faifin 100% 919
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4.3 Capacity Factor (CF)

- ynituiifien CF ogflutaa 0.1308 - 0.176 (13.1-17.6%) &4
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- qwssuy3 uilen PR lalgeitan usen SF guiu 100% Ui
donmndanuiaefindfinniunudesnisivan
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feforfadeiuiiimsgninanfiansanlumssenuuuszuy el
\Annslindsnuegnaiiuszansnmuazdudanniian

5. AsfnssuusznA
VOVOUA MV UBANUUNITANITEAUTUNAANY) ARlE
AFNTTUANENT U INYINATUASUNTILIAL

LONENTE1989
[1] Almazrouei, S., Hamid, A. K., & Shamsuzzaman, M. (2018,
25-28 Feb. 2018). Predictive energy management in large-
scale grid connected PV-batteries system. 2018 5th
Conference  on  Renewable

International Energy:

Generation and Applications (ICREGA),



¥
¥ A

msdszauimmsmaimnssulilih ased 48
The 48" Electrical Engineering Conference (EECON-48)

Tud 19-21 woedmou 2568 & Tsansuysin SandaFealni

[2] Barara, M., Alnegjaili, T., Labdai, S., Ouriagli, M., & Chrifi-
Alaoui, L. (2021, 23-27 Nov. 2021). Energy management
strategy for a hybrid PV-Battery isolated system. 2021 9th
International  Renewable and  Sustainable  Energy
Conference (IRSEQ),

[3] Houam, Y., Tayeb, A.S., & Khelifa, A. (2022, 6-10 May 2022).
An Economic Strategy for Energy Management of a
Residential Grid-Connected PV-Battery System. 2022 19th
International Multi-Conference on Systems, Signals &
Devices (SSD),

[4] Masango, F. ., Jordaan, J., & Nnachi, A. F. (2023, 20-22 Sept.
2023). Modeling and Analysis of Residential DC Microgrid
Energy Management Using System of Systems Architecture.
2023 |EEE AFRICON,

[5] Polprasert, J., Wannakhong, K., Narkvichian, P., & Oonsivilai,
A. (2021, 20-22 Oct. 2021). Home Energy Management
System and Optimizing Energy in Microgrid Systems. 2021
International Conference on Power, Energy and Innovations
(ICPEI),

[6] IEC 61724: Photovoltaic system performance monitoring —
Guidelines for measurement, data exchange, and analysis,
IEC, 2021.

[7]1 Fraunhofer ISE, Photovoltaics Report, Freiburg, Germany,
2023.

[8] NREL, Best Practices for PV System Performance Analysis,
USA, 2022.

[9]1 Yadav, A, et al,, “Performance Assessment of Hybrid PV-
Battery Systems Using Solar Fraction,” Renewable Energy,
vol. 185, pp. 12011213, 2022.

[10] Al-Waeli, A, et al.,, “Evaluation of Solar Fraction in Hybrid
Photovoltaic Systems,” Energy Reports, vol. 8, pp. 5490-
5503, 2022.

[11] IEA PVPS, Trends in Photovoltaic Applications, International
Energy Agency, 2023.

[12] Zhang, H., et al., “Temperature Impacts on PV Performance
in Tropical Climates,” IEEE Access, vol. 11, pp. 56723-
56734, 2023.

[13] Kumar, P., et al, “Capacity Factor Benchmarking of PV
Systems in Southeast Asia,” Solar Energy, vol. 245, pp. 132-
145, 2024.

[14] iPower, Version: VI.20, SRNE

FamilyBMS, Version: V1.1.635-54, SRNE

Fraunhofer ISE. "Photovoltaics Report." Freiburg, Germany,

2015.

[17] IEC 61724. “Photovoltaic system performance monitoring

= =
N U1
S 24

- Guidelines for measurement, data exchange and
analysis.”

(18] Duffie, J.A., & Beckman, W.A. "Solar Engineering of Thermal
Processes." John Wiley & Sons, 2013.

[19] NREL. “PV System Design Guidelines.” National Renewable

Energy Laboratory, USA.

[20] IEA PVPS. “Trends in Photovoltaic Applications.”

International Energy Agency, 2022.

Usziagideuunannuauii 1

wenesTy Ty

MasfnY angnTINIsuAEnTIMITMNIN
aaMvinsulvii

Yaudininende Wi Inenduasua3unILn

uIdenaula ndnunaunu (Ssuuwaanaseing)

UsziRgidisuunadnuaui 2

8

A3 3ulu B
naNgATIMNTIHAERTA S Undin
avivimnssulnii
andumalulagnsyasundnnaumvig

%

a1anszUy

uAdeiiaula mseanuuuszuumuay, Blannsedndias,
AN NsEUUITAAY wasndaunaunNy



