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ABSTRACT

The energy crisis stands as the foremost issue globally, given that fossil fuels are undergoing swift depletion
and their usage is a significant factor in the increase in the global average temperature. The depletion of fossil
fuels for energy will drive the adoption of renewable energy sources, and initiatives have been undertaken to
harmess wind, biomass, geothermal, tidal, and solar energy. The disruption of oil shipments due to the Middle
East war has tightened global energy supplies, driving up oil prices. All this has greatly affected the energy
sector. Among these energy sources, solar energy stands out as the most viable option because of its clean,
abundant, cost-effective, and pollution-free characteristics. Solar cells are clean energy devices that convert
sunlight directly into electricity, offering a sustainable alternative to fossil fuels. The dye-sensitized solar cell
(DSSC) has emerged as a significant encrgy generation technology owing to ifs simple processing,
affordability, and uncomplicated manufacturing techniques in contrast with traditional solar cells. The counter
electrode is an essential component of DSSCs, collecting electrons from the external circuit and facilitating
redox reduction in the electrolyte. This process greatly affects the photovoltaic efficiency, durability, and
overall cost of the devices.

This study provides a comprehensive overview of the impact of Transition Metal Dichalcogenide (TMD)
composites combined with different types of carbon scaffolds, primarily rods (derived from Melamine, PANI,
PEDOT: PSS and Nickel zeolites) and fibres obtained from (Jute, Cotton rope and cotton), as an efficient
counter electrode material. In this study, the TMD material selected was molybdenum disulfide (MoS,). This
study encompasses comprehensive synthesis methods, the fabrication of DSSC devices, and their detailed
photovoltaic and electrochemical evaluations. Prototypes were also developed with the best of these samples
for the application of glowing LEDs. Doping is a powerful method for improving the properties of TMDs. By
carefully sclecting optimal metal combinations, multi-atom doping (from Cu and Pd) was performed to
enhance electrocatalytic

properties and cell stability. With this multimetal-doped composite containing Cu, Pd, carbon nanofiber, and
MoS,, the maximum efficiency obtained is 7.77 %, making it a promising candidate for CE.

A Metal-Organic Framework (MOF) is a highly crystalline, porous substance composed of metal ions or
clusters that are systematically arranged with an organic linker, forming extensive, multidimensional
framework networks. Due to their significant surface area and adjustable pore structures, they serve as an
outstanding foundational material for enhancing TMD materials, Prussian Blue Analogue (based on Ni and
Mn metal legands) and Nickel zeolite-based frameworks were utilized with MoS, decoration as a counter
electrode for the implementation of Bifacial DSSCs. Transmittance studies were conducted to verify the
bifaciality of the solar cells, along with cell measurements under both front- and rear-illumination conditions.
The maximum efficiency obtained was around 8.25% with the MnNi Prussian blue composite and MoS, under
standard conditions (100

mW/cm?® ).
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