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ABSTRACT

This research presented an optimization study of the pitch value for a fixed tilted bifacial
grid-connected photovoltaic (bGCPV) system intended for solar farm in tropical
Malaysia. Despite increasing bPV adoption in Malaysia, there is little research on pitch
optimization under tropical, space constrained conditions. This study aimed to
determine the optimal pitch value for different module in height and observed pitch-tilt
coupling for fixed-tilted bifacial systems in tropical Malaysia under land-use
constraints. The pitch parameter, which is the row-to-row distance between PV module
arrays, directly influenced mutual shading, bifacial gain, and ground coverage ratio
(GCR). Despite its importance, pitch optimization for bPV systems under space-
constrained conditions in tropical regions remained sparsely investigated. This study
addressed this gap by integrating a hybrid approach using AutoCAD for spatial layout
planning and PVsyst software for performance simulation at an approximately
76,500 m? site in Ijok, Selangor. Unlike previous PVsyst-only studies, this work
integrates AutoCAD spatial analysis with bifacial-specific. The pitch values ranging
from 1.0 m to 10.0 m, with increment of 0.1 m were analyzed for three cases of portrait
PV module orientation: Case A (1 module-in-height), Case B (2 module-in-height), and
Case C (3 module-in-height). The planned power for each configuration was calculated
in AutoCAD based on array rows, module orientation, and capacity. These layout inputs
were then simulated in PVsyst using site-specific meteorological data, bifacial module
settings, and fixed tilt angles (5°, 10°, and 15°). System losses, shading factors, and
bifacial gain contributions were also included to replicate real-world performance. This
study indicated that a minimal pitch increased from 2.4 m to 2.5 m led to a 3.95% drop
in planned capacity due to reduced installable rows. The analysis of module in height
configurations revealed that increased the module in height required wider optimal pitch
and reduced land efficiency, the 1-module configuration achieved the highest specific
yield (1558 kWh/kWp/year), offering the best balance between bifacial gain and ground
coverage. Coupled tilt—pitch analysis showed that lower tilt angles (5°-10°) consistently
outperformed higher ones across all cases, with Case A at 5° and 4.6 m pitch emerging
as the most efficient design under space-constrained tropical conditions.
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CHAPTER 1
INTRODUCTION

1.1 Research Background

Globally, the solar photovoltaic (PV) industry has seen accelerated growth as
countries prioritize sustainable energy transitions to meet climate goals and reduce
dependence on fossil fuels. The average annual global horizontal irradiation (GHI) in
Malaysia ranges from 1400 kWh/m? to 1900 kWh/m?, which provides a significant
advantage for electricity generation through solar energy capture, making the country
highly capable of achieving success in this field. (Ahmad et al., 2011; Zainuddin et al.,
2021). The installed capacity of solar PV systems in Malaysia has reached 2306 MW in
2024 according to the International Renewable Energy Agency (IRENA) Report 2025
(Renewable Energy Agency, 2025). The market and academic groups' interest in
crystalline silicon cells have shifted from monofacial photovoltaic (mPV) technology
to bifacial photovoltaic (bPV) technology, as shown in Figure 1.1. This shift is
documented in the International Technology Roadmap for Photovoltaic (ITRPV) 2025,
which states that the market increases by year and will reach nearly 100% in 2035 from

approximately 90% in 2024.
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Figure 1.1 The Development Trend of the PV Market (Baliozian, 2025)
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