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Introduction

Source : Utilities Middle East

The EVERYDAY question is “what technologies
will be implemented on ground?”
Several technologies are emerging in the solar market, but the everyday question is
“what technologies will be implemented on ground?” Around the world, researchers are
directing their efforts to develop the next solar technology that is more efficient and
lower cost than silicon used in PVs. Silicon is seen as a material that dominates the solar
market and further optimizations are expected to continue driving down the cost and
increasing the performance. Meanwhile, Gallium arsenide (GaAs) Solar Cells, Perovskite
Solar Cells and Organic Photovoltaics are currently being developed as competitors.
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Gallium arsenide (GaAs) Solar Cells
Photovoltaic panels are mostly made of silicon (Si) semiconductor material that forms
solar cells. Solar cells typically generate electric field on PV modules by specially treating
a thin semiconductor wafer that is usually positive on one side and negative on the other.
As a result, when light strikes solar cells, this field generates an electric current to
produce power. However, researchers have shown that Gallium arsenide (GaAs) Solar
Cells is more efficient than Si solar cells already.
Gallium Arsenide is also a compound semiconductor material that is composed of equal
amounts of gallium and arsenic elements. However, Gallium Arsenide is a more expensive
semiconductor material often used for space technologies like aircrafts and satellites,
Radio Frequency Integrated (RF ICs) design, and military applications.

GaAs Solar Cells are MORE

EFFICIENT than Si solar cells
There are many advantages of Gallium Arsenide - IIIV solar cells - over silicon which include:
1- High efficiency; GaAs is the highest solar efficient
material in the world available until this day. For a
given surface area, GaAs has the ability to produce
more power than any other solar technology.
Researchers

at

National

Renewable

Energy

Laboratory (NREL) believe that III-V solar cells could
reach an efficiency up to almost 30% which is
significantly higher than what is produced by Si cells
– which is already above 26% in record cells but
commercial cells are lower-.
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Gallium arsenide (GaAs) Solar Cells

Source: NREL
2- Low temperature coefficient; the measure of performance – efficiency - loss versus
temperature relative to 25C is temperature coefficient. Silicon is a material that is known
for more rapidly losing efficiency when at high operating temperatures, due to a relatively
high temperature coefficient. However, Gallium Arsenide loses much less efficiency when
at high operating temperatures and due to a lower temperature coefficient. This makes
III-V solar cells more efficient under operation during the heat of the day and thereby
produces more power.
3- Good Low Light Performance; Gallium Arsenide is a material that has a wide bandgap
and low defect crystal structure that characterizes it with having a high rapid voltage
buildup with illumination (low light). In other words, GaAs or III-V solar cells more
efficiently converts energy available in weak illumination. The wider bandgap of GaAs
also means it is much better tuned to the wavelengths of LED and fluorescent light,
relative to silicon. As a result, GaAs solar cells can produce power in environments such
as warehouses and offices.
4- Flexible and Lightweight; GaAs is an excellent absorber of sunlight which gives it an
advantage over Silicon solar cells to be produced in thin layers making it very flexible and
lightweight.
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Gallium arsenide (GaAs) Solar Cells

The existing process to make III-V solar cells is called Metal Organic Vapor Phase Epitaxy
(MOVPE). It deposits atoms derived from expensive molecules layer-by-layer on top of a
semiconductor wafer in a costly manner and time-consuming process. However, an older
process called hydride vapor phase epitaxy (HVPE), which was overtaken by MOVPE, was
recently reevaluated by NREL researchers and was found to be a much faster process due to
different process chemistry. Similarly, it is also deposits materials in a layer-by-layer manner.
HVPE was developed further since last year to have a dual chamber reactor in which the
substrate moves back and forth between chambers significantly reducing the time to make
solar cells, also called Dynamic HVPE (D-HVPE). D-HVPE is an alternative to MOVPE with a
much lower cost source material than a MOVPE but the same efficiency. Currently, NREL
researchers have reached an efficiency up to 25% of D-HVPE solar cells. Furthermore, their
expectations are optimistic and to increase the efficiency up to 27%.
On the other hand, Senior NREL scientist Aaron Ptak says “If we can get the costs down like
we think we can, that opens up a huge number of markets where these devices would be
useful.” This means that the costs of GaAs – III-V - solar cells are still an issue having high
costs that could drop in the future. Scientists at NREL believe that the with further
optimizations, production cost for III-V solar cells could fall to between $0.20 and $0.80/W.
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Perovskite Solar Cells

Source: Oil Price
Unlike Gallium arsenide (GaAs) Solar Cells that are wafer based PVs, perovskite solar cells are
thin film based solar cells. Normally, perovskite solar cells absorb light more efficiently than
silicon, allowing them to be manufactured in extremely thin cells. Perovskite materials are a
class of semiconductor materials and compositions vary dramatically, though solar materials are
often composed of Lead, Iodine, and organic ions such as methyl ammonium (MAPbI3).
Perovskites are a class of materials that display a range of unique properties such as
superconductivity, magnetoresistance and more. Furthermore, perovskites holds a promising
future for the next generation of solar cells because of their distinctive structure that allows
high efficiency and low cost solar cells.
Perovskite solar cells are composed of perovskite structured compound which is commonly a
hybrid organic-inorganic lead or a tin halide-based material that absorbs the sun light.
Perovskite materials used in solar cells are relatively cheap and simple to use in manufacturing.
Other rich properties such as broad absorption spectrum, fast charge separation, long transport
distance of electrons and holes and long carrier separation lifetime are associated with
Perovskite solar cells that makes them stand out as promising materials for PV applications.
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Perovskite Solar Cells
Several advantages are associated with perovskite solar cells that include flexibility,
semi-transparency and lightweight. As a result, because of perovskite solar cells
farmlands are some possible areas PVs could be installed in the future. Furthermore,
perovskite cells are already proven to be very efficient and at the same time processed
at a low cost. They have an advantage of absorbing many different wavelengths of light
and eventually producing more energy.
On the other hand, some challenges are yet to be resolved to implement Perovskite
solar cells. In particular, stability and lifespan are still of concern, largely from their
sensitivity to air and moisture and toxicity issues are a major concern due to a substance
called PbI that is one of the breakdown products of many perovskites. Researchers are
already looking into substitutes to make it feasible to produce and commercialize
perovskite cells.

Source: Oxford PV
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Organic Photovoltaics (OPV

Source: BBC News
Building Integrated Photovoltaics (BIP) could be implemented with the use of organic
photovoltaics that is currently a rapidly emerging technology. Organic Photovoltaics
depend on carbon-based materials instead of the usual silicon material used in PVs. The
potential of having transparent and roll-to-roll characteristics makes it more appealing in
the market.
Majorly, OPV could produce electricity from indoor or outdoor light. It consists of an
active layer that is often a mix blend of a semiconducting polymer and a small molecule
electron acceptor between two electrodes. Light is absorbed by the polymer layer that
creates excitons -tightly bound electron hole pairs. As a result, current is generated when
free charge carriers are created at the interface between the polymer and the electron
acceptor.
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Organic Photovoltaics (OPV)
Several benefits are associated with implementing OPVs to buildings. OPVs are characterized
by having temperature independence, angle independence and low shadow sensitivity.
Furthermore, OPVs generally have efficient light performance that react positively to both
outdoor and indoor lighting. Also, the freedom to design OPVs due to their semi-transparency
features, light weight, ease of lamination, availability of absorbers in different colors and
bendability through roll-to-roll printing makes OPV stand out among other PV technologies.
Lastly, it is also predicted that OPVs will offer the market with low manufacturing costs.
However, although OPVs are efficient, researchers are still looking into optimizing OPVs to be
even more efficient and to increase the lifetime of such technology. The current efforts show
that their efficiency still did not beat silicon PV solar cells. Therefore, OPVs are still under
scientific research since they offer various benefits to be implemented as the next solar
technology specifically showing a significant low manufacturing costs.

Source: Acciona Installs flexible organic PV modules in a wind turbine tower, Spain
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The New Technologies in the MENA Region
Knowing that Gallium arsenide (GaAs) Solar Cells, Perovskite Solar Cells and Organic
Photovoltaics (OPV) are currently on the rise of improvement, applying them in the
MENA region will need some time until they develop further. Similarly, the Technical
Services Manager of the Middle East & Africa at Jinko Solar, Mohamed Saady says;
“Although I still believe Silicon based modules will be the mainstream technology for the
coming years in MENA because of its maturity, but an emerging technology such as
GaAs may be applicable for MENA weather conditions.” On the other hand Dana Olson –
Global Solar Segment Leader – DNV GL believes that “ it is difficult to predict the future
adoption for these developing solar technologies, however each of them would find
purchase in different applications. Low cost GaAs would be very well suited to the high
temperatures of desert and rooftop applications across the MENA region. This is in part
due to the high efficiency and lower temperature coefficient mentioned in the article.
Perovskites may find initial adoption from tandem applications either with silicon or
dual perovskite layers, leading to high efficiency tandem modules able to substantially
increase the power output of PV modules. Though stability and toxicity are still a
concern for perovskite in general, though progress is being made on both. OPV would
be most relevant in the BIPV market mentioned, with value that goes beyond just the
energy generated, but helping to reduce electricity loads of buildings, due in part to
their color tunability and semi-transparent applications unique addressed by OPV.”

Source : Printed Electronics World
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The New Technologies in the MENA Region
The MENA region has extreme climate conditions that might not be suitable for some
technologies to be installed. Therefore, dust is an issue and regular cleaning of PVs
might be required. Dana Olson says “The high temperatures could be a serious concern
for both perovskites and OPV, given the temperature sensitivity they have observed
regarding stability and degradation at elevated operating temperatures. However, if
these challenges were mitigated, they might demonstrate lower temperature
coefficients or in some cases positive temperature coefficients in OPVs, where the
performance would be reasonable at high temperatures. Dust is not likely to be any
more of an issue in these technologies, though they all may be more efficient under
diffuse or low-intensity light conditions.” Likewise, Technical Services Manager at Jinko
Solar, Mohamed Saady says that “OPV is still very early to be implemented anywhere in
the world, although the production of OPV is relatively low but the efficiency and
reliability of organic modules still need more research.”

“Every technology in PV industry will

always be compared to Silicon
based technology”

To implement new technologies, costs are always a concern and “every technology in PV
industry will always be compared to Silicon based technology” as Modamed Saady says,
Technical Services Manager at Jinko Solar. Moreover, “cost is the primary concern for
GaAs solar technologies.

If costs are not reduced substantially, they will not be

competitive in MENA or elsewhere in terrestrial applications. Perovskites and OPV offer
low cost materials and processing, however they need to be demonstrated at scale to
realize these benefits. Progress is being made, with a focus on production yield being a
priority. Though the stability of these systems is still being evaluated, whereas many
current technologies have poor stability, which would also lead to high energy costs until
this is made competitive with silicon modules” said Dana Olson, Global Solar Segment
Leader at DNV GL.
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The New Technologies in the MENA Region
In the MENA Region:
The UAE is currently looking in to OPV to be developed according to the press release
that advertised “On June 30, 2019 in Dubai, United Arab Emirates, ARMOR and Masar
Printing and Publishing signed a memorandum of understanding on the creation of a
future joint venture (JV) in Dubaï, United Arab Emirates. The objective is to develop the
flexible organic photovoltaic film market in the MENA region in order to create a future
market leader in the region. The government of Dubai is seeking to achieve installed
renewable energy capacity of around 1 gigawatt per year, the equivalent of one nuclear
unit.” Moreover, there are research efforts at KAUST in Saudi Arabia both on OPV and
perovskites as well. Dana Olson says “commercial activities in the region are few thus far
and largely focused in Europe, Asia, and the US.”
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