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ABSTRACT: Although perovskite solar cells (PSCs) have reached a record
high conversion efficiency of 25.7%, the materials used to fabricate them
invoke costly hole-transporting materials, such as spiro-OMeTAD, and
expensive gold back contacts. The cost of fabrication of a solar cell or any
other practical device is an important issue in their practical applications. In
this study, we describe the fabrication of a low-cost, mesoscopic PSC,
eliminating the use of expensive p-type semiconductors and substituting
them with electronically conducting activated carbon, and the gold back
contact with expanded graphite. The activated carbon hole transporting
material was derived from readily available coconut shells and the expanded
graphite from graphite attached to rock pieces of graphite vein banks. We
drastically reduced the overall cell fabrication cost using these low-cost
materials and added commercial value to discarded graphite and coconut
shells. Under ambient conditions, our PSC gives a conversion efficiency of 8.60 ± 0.10 % at 1.5 AM simulated sunlight. We have
identified the lower fill factor as the limiting factor for the low conversion efficiency. We believe that the lower cost of the materials
used and the deceptively simple powder pressing method would compensate for the relatively lower conversion efficiency in its
practical application.

■ INTRODUCTION
Perovskite solar cells (PSCs) attract much attention in the
photovoltaic research community. This worldwide popularity
of PCSs stems from a simple fabrication technique compared
to that of the silicon solar cell and surpassing conversion
efficiencies. In a perovskite solar cell, a perovskite compound,
typically a hybrid of organic−inorganic lead or tin halide, is
used as a light-harvesting active layer to form a sandwich
structure. Generally, the photoanode is composed of a fluorine-
doped tin oxide transparent conducting oxide (FTO) plate on
which a thin, dense layer (∼500 nm thick) of TiO2 or doped
TiO2 is deposited, followed by a thick mesoporous layer of
interconnected TiO2.1 Thereafter, the perovskite layer and
hole conductor are deposited consecutively. In some cases,
interfacial layers and additives are used for the passivation of
trap states in perovskite.2−5 A hole conductor is used to
transport photogenerated holes toward the counter electrode,
typically made of a gold back contact. The highest efficiency of
the PSCs achieved up to date is 25.7%.6 However, such a high
efficiency has been obtained using expensive hole conducting
m a t e r i a l s ( H C M s ) , s u c h a s s p i r o - O M e T A D
[(N2,N2,N2′,N2′,N7,N7,N7′,N7′-octakis(4-methoxyphenyl)-

9,9′-spirobi[9H-fluorene]-2,2′,7,7′-tetramine] and gold back
contacts,7−9 thus escalating the fabrication cost of the device.

In attempts to reduce the fabrication cost of PSCs, several
researchers have devoted their attention to replacing expensive
HCMs and back contact materials with inexpensive materi-
als.10−12 In a breakthrough study, Etgar et al.13 reported the
first hole conductor-free PSC with an efficiency of 5%, which
incorporated the organic−inorganic perovskite CH3NH3PbI3.
Here, for reasons not sufficiently clear, of the carriers photo-
generated in CH3NH3PbI3, the electrons and holes transferred
to TiO2 and the metallic back contact, respectively. Since then,
so-called hole conductor-free PSC research efforts have
escalated, and best efficiencies of over 18% have been
obtained.14 In this study, we have been able to fabricate a
low-cost mesoscopic PSC that does not utilize expensive
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