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What applications can organic solar cells be used for?
These applications include flexible and wearable electronics bundlng |n'thLqL
devices. Developing strategies to tailor organic solar cells for specmc ap)
performance in real-world scenarios will open up new avenues for their practlca utlllzatlon
How can organic photovoltaics improve the operational life of solar modules? %ﬂ

A high water and oxygen barrier and stable encapsulation processcan increase the operational lifetime of
module devices. Organic photovoltaics (OPVs) are an emerging solar cell technology that is cost-effective
1,2,3 lightweight 4,5 and flexible 4,6,7,8.

What are organic photovoltaic cells?

Nature Reviews Materials 7,836-838 (2022) Cite this article Organic photovoltaic cells are
thin,lightweight,flexible and semi-transparent. These characteristics unlock new possibilities for applications
in agriculture,architecture,wearable electronics and health science. Among renewable energy
sources,photovoltaics is particularly promising.

What is the efficiency of organic photovoltaic cells?

Yao,H. et al. 14.7%efficiency organic photovoltaic cells enabled by active materials with a large electrostatic
potential difference. J. Am. Chem. Soc.141,7743-7750 (2019). Markina,A. et al. Chemical design rules for
non-fullerene acceptors in organic solar cells. Adv. Energy Mater.11,2102363 (2021).

Are organic PV cells a good choice for building-integrated photovoltaics?

As clearly seen in Table 4,organic PV cells have a natural advantage over other types of PV cells due to their

transparent characteristics,which make them idealfor integration with building-integrated photovoltaics,such
as windows.
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— - 2 Organic and Perovskite-Based Solar Cells 2.1
e = Organic Solar Cells 2.1.1 Fundamentals. OSCs,
; Ni? 1. because of their remarkable merits and unique
4= R properties, still represent one of the most

investigated emerging PV technologies that could
offer new and complementary opportunities and
application areas compared with conventional PV
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technologies.

Perovskite solar cells (PSCs) have emerged as the
next generation photovoltaic technology due to their
high power conversion efficiency and solution-based
fabrication process. The performance of PSCs relies
on the composition of each layer and the interface
properties between layers.

The solar cells, as a substitute for fossil fuels are, at
the forefront in a wide range of research
applications. The organic solar cells efficiency and
operational lifespan made outstanding advancement
by refining materials of the photoactive layer and

presenting new inter-layers. The functioning of
organic solar cells is centered on
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Ternary organic solar cells (TOSCs) fabricated by
adding an additional third component to the original
binary bulk heterojunction (BHJ) system to form
two-donor/one-acceptor or one-donor/two-acceptor
structure in a single active layer is an effective way
to combine the merits of each photovoltaic materials
and boost the overall device

His interests are in the stability and application of
organic solar cells. He further focuses on the
destruction-free characterization of organic
semiconductor devices. Before he joined the group
of Dr. Hoppe to do his Ph.D. he did research at the
Fraunhofer Center for Silicon Photovoltaics in Halle
on encapsulation materials for solar modules.
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The semiconducting materials essentially consist of
hydrocarbons, ranging from small molecules to
polymers. The layers of organic solar cells are
around 1000 times thinner than crystalline silicon
solar cells, ranging from a few nanometers for
certain contact layers to several hundred
nanometers for the light-absorbing layers.
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Non-fullerene acceptors have revolutionized organic
photovoltaics by offering customizable molecular
structures, enabling precise energy levels and
absorption characteristics, making them ideal for
customizing materials for specific applications [20,
22].Non-fullerene materials offer excellent stability

and resistance to degradation, making them more
durable and long-lasting, ???

The Developments cause these thin and flexible,
eco-friendly, and low-cost photovoltaic devices to be
promising technology for wide range of applications
such as internet of things (IOT), sensors,
architecture, and wearable electronics the past few
years, there have been impressive breakthroughs to
enhance the structure of organic solar

The work done by Gillett et al. provides a design
"’_pﬁ. pathway for organic solar cells with power

13,

_ coownzonn] conversion efficiencies of 20% or more. His
research interests include the synthesis of organic
semiconductors for optoelectronic and ?7??
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A concise overview of organic solar cells, also
= e Tre— known as organic photovoltaics (OPVs), a
3rd-generation solar cell technology. Gruber, M. et
al. Thermodynamic effi ciency limit of molecular
— donor-acceptor solar cells and its application to
diindenoperylene/C 60 -based planar heterojunction
devices. Adv. Energy Mater. 2, 11007721108
(2012).
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Organic solar cells (OSCs) have received extensive
attention due to their light-weight, semitransparency,
and flexibility, which enable broad application
prospects in the fields of portable energy

The development of efficient and stable interface
materials is an important part of the research in
organic photovoltaics (OPVs), which aims to realize
higher efficiency, longer lifetime, lower cost, easier
fabrication, and wider applicability. MoO3 exhibits a
suitable work function, adjustable electronic st
Journal of Materials Chemistry A Recent Review

. Articles
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Abstract. Graphene-related materials (GRMs) such
as graphene quantum dots (GQDs), graphene oxide
(GO), reduced graphene oxide (rGO), graphene
nanoribbons (GNRs), and so forth have recently
emerged as photovoltaic (PV) materials due to their
nanodimensional structure and outstanding
properties such as high electrical and thermal
conductivity, large specific surface, ???

Traditional crystalline solar cells are typically made
of silicon. An organic solar cell uses carbon-based
materials and organic electronics instead of silicon
as a semiconductor to produce electricity from the
sun. Organic cells are also sometimes referred to as
"plastic solar cells" or "polymer solar cells."
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GGGGGG e The parameters in the equation above are exhibited

J’ ’ BE in Fig. 5.4.The value of PCE is calculated from three
- | A‘ é‘ parameters: short-circuit current density (J SC),

L |1 4K open-circuit voltage (V OC), and fill factor (FF).P m

— stands for the maximum power point, and P in is the

incident light power. J SC is the current density of
devices when there is 0 V of applied bias on the two
electrodes.
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Organic solar cells (OSCs), which are widely
regarded as the promising power source for
next-generation electronics, have potential

applications in architecture-integrated photovoltaics,
the internet of things (I0Ts), self-powered wearable
sensors, electronic textiles, and implantable sensors
due to their instinct nature of flexibility and high

P mass-specific power.
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The application of organic, dye-sensitized and
perovskite solar cells is described. New generation
technologies in PV, such as organic solar cells
(OSCs), dye-sensitized solar cells (DSSCs) and
perovskite solar cells (PSCs), are suitable
candidates for greenhouse integration due to the
possibility of inherent semi-transparency and

However, traditional greenhouses rely on fossil fuel
or grid electricity input. Agrivoltaic greenhouse
systems, as a new technology, can reduce fuel and
grid electricity consumption, but photovoltaic
conflicts with photosynthesis because both use
solar energy as input energy. Organic photovoltaic
(OPV) is unique.
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Photovoltaic Applications. At NREL, we see
potential for photovoltaics (PV) everywhere. As we
pursue advanced materials and next-generation
technologies, we are enabling PV across a range of
applications and locations. CIGS, perovskites, IlI-V,
and multijunction solar cells; organic materials;
novel epitaxy and liftoff; reliability; PV

Flexible electronics as emerging fields will be the
key technologies that are related to our daily life in
the future [1], [2].Electronics devices with flexibility,
such as electronic skin with different sensors [3], [4],
flexible organic light-emitting diodes [5], field-effect
transistors [6], [7] and photovoltaics [8], have the
advantage of light-weight, easy fabrication via
printing

Organic photovoltaic cells are thin, lightweight,
flexible and semi-transparent. These characteristics
unlock new possibilities for applications in
agriculture, architecture, wearable electronics and
health science.
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Organic photovoltaic (OPV) cells, also known as
organic solar cells, are a type of solar cell that
converts sunlight into electricity using organic
materials such as polymers and small molecules.
83,84 These materials are carbon-based and can
be synthesized in a laboratory, unlike inorganic
materials like silicon that require extensive mining

In this field, Solems, WSL Solar, Gceell, Ricoh, and
3G Solar are well-known companies in solar
modules market. They specialized in generating the
amorphous silicon and organic dye based solar cells
and modules for the application mini devices like
calculators, sensors and watches under <20 Ix LED
illumination.

Through continued innovation in material design
and device engineering, rapid performance
improvements have been achieved for organic
photovoltaics (OPVs) over the past 20 years.
Outdoor performances of over 18% have now been
demonstrated for binary OPVs for 1 sun
applications, approaching that of silicon
photovoltaics.
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Organic solar cells have the potential to become the
cheapest form of electricity, even beating silicon
solar cells, at least in principle. What finally counts
in these "power" PV applications is the energy
generation cost in cents per kilowatt-hour. This
already removes an often-used argument in favor of
OSC: "ifitis cheap enough

Organic/inorganic metal halide perovskites attract
substantial attention as key materials for
next-generation photovoltaic technologies due to
their potential for low cost, high performance, and

M racenee E = In addition, ordered heterojunction solar cells (Fig.
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1d) were also developed, and they are considered
as an ideal configuration for solar cell application,
because they have direct charge transport pathway
organic acceptor semiconductors can be made as
nanotube, nanorod, and nanowire shaped
structures, and they can be vertically aligned onto
conducting substrates.
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In recent years, several researches are conducted
T’ | to improve the efficiency of organic solar cells and
(¥ : [ . .. thereby realized applications, such as lightweight or
- flexible power sources. 8 Organic solar
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