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ABSTRACT: This paper reviews the energy yield enhancement characteristics of bifacial photovoltaic systems combined with solar
tracking, focusing on their performance relative to conventional monofacial fixed-tilt configurations. The fundamental mechanisms of
yield improvement are summarized, highlighting the largely additive contributions of solar tracking, which increases front-side
irradiance, and bifacial modules, which utilize rear-side reflected and diffuse radiation. Reported results from previous studies indicate
that bifacial systems with single-axis tracking typically achieve 25—-35% higher annual energy yield compared with standard monofacial

fixed-tilt systems, with variations depending on environmental and design conditions. Key design and environmental considerations
influencing system performance are discussed to provide practical insights for the application of bifacial tracking systems in utility-

scale photovoltaic installations.

KEYWORDS: Bifacial photovoltaic modules, Solar tracking systems, Energy yield enhancement, Utility-scale photovoltaic systems,
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Fig. 1. Schematic illustration of energy yield enhancement mechanisms in monofacial and bifacial photovoltaic systems with and without solar

tracking. Monofacial fixed-tilt systems utilize only front-side irradiance, whereas bifacial modules additionally capture rear-side reflected and

diffuse radiation. Solar tracking increases front-side irradiance by reducing incidence angle losses, while the combination of bifacial modules

and tracking enables the simultaneous utilization of front and rear irradiance, resulting in the highest energy yield. The overall performance

improvement is largely additive, with typical gains of approximately 15-25% from tracking and 5—-15% from bifacial operation, leading to a

combined energy yield increase of about 25-35% compared with conventional monofacial fixed-tilt systems
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Bifaciality Factor by Cell Technology

Schematic of Bifacial Cell
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Fig. 2. Comparison of bifaciality factors for representative photovoltaic cell technologies and schematic illustration of carrier transport in a
bifacial solar cell. The left panel shows typical bifaciality factors of PERC, TOPCon, and HIT (IBC) structures, indicating that advanced cell

architectures generally provide higher rear-side power generation capability. The middle panel summarizes key factors influencing bifaciality,

including rear-side passivation quality, carrier lifetime, surface recombination, optical design, and contact metallization. The right panel

illustrates the operation of a bifacial solar cell, where front-side illumination and rear-side reflected/diffuse irradiance contribute to carrier

generation and enhanced rear-side energy collection. Higher bifaciality factors increase the potential utilization of rear-side irradiance and overall

energy yield, Reprinted with permission from Ref. [24-27]
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Fig. 3. Effect of ground albedo (p) on rear-side irradiance and bifacial gain in bifacial photovoltaic systems. The red curve represents the increase

in rear-side irradiance relative to front-side irradiance, while the blue curve indicates the corresponding bifacial gain compared with conventional

monofacial systems. Both rear-side irradiance and bifacial gain increase progressively with albedo, demonstrating that high-reflectivity surfaces

significantly enhance rear-side energy collection and overall system performance. The results highlight the importance of ground conditions in

optimizing the energy yield of bifacial PV installations, Reprinted with permission from Ref. [12-15]
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Fig. 4. Comparison of 1P (one-portrait) and 2P (two-portrait) single-axis tracker configurations, illustrating the influence of installation height

and rear-side visibility on bifacial irradiance and energy yield. The 1P structure provides higher elevation and improved rear irradiance

conditions, leading to greater bifacial gain, whereas the 2P structure exhibits reduced rear visibility and potential shading effects
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