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CBS to end The Late Show, hosted by Northwestern alum Stephen ColbertCBS and Stephen Colbert (Communication 86) announced Thursday that The Late Show, a program...Northwesterns abandoned bikes reap second lives through local nonprofitThe rack at the McManus Center, a major residence of Northwestern graduate students in downtown
Evanston,...On June 12, Northwestern announced that effective Jan. 1, 2026 all medical plans for NU employees...Dina Bergman, a longtime Evanston resident, shuffled through her condo apartment in socks, a yellow button-up... CBS to end The Late Show, hosted by Northwestern alum Stephen ColbertCBS and Stephen Colbert (Communication 86)
announced Thursday that The Late Show, a program...Northwesterns abandoned bikes reap second lives through local nonprofitThe rack at the McManus Center, a major residence of Northwestern graduate students in downtown Evanston,...On June 12, Northwestern announced that effective Jan. 1, 2026 all medical plans for NU employees...Dina
Bergman, a longtime Evanston resident, shuffled through her condo apartment in socks, a yellow button-up... CBS to end The Late Show, hosted by Northwestern alum Stephen ColbertCBS and Stephen Colbert (Communication 86) announced Thursday that The Late Show, a program...Northwesterns abandoned bikes reap second lives through local
nonprofitThe rack at the McManus Center, a major residence of Northwestern graduate students in downtown Evanston,...On June 12, Northwestern announced that effective Jan. 1, 2026 all medical plans for NU employees...Dina Bergman, a longtime Evanston resident, shuffled through her condo apartment in socks, a yellow button-up... Share copy
and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license, and
indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or
technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for
your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Over the past 15 years, perovskite solar cells have emerged as one of the most promising new solar technologies. The versatility of perovskite materials, along with their solution processibility, mean that perovskite solar cell's
efficiencies have increased rapidly.As of 2025, the highest efficiency single-junction perovskite solar cell has a power conversion efficiency of 26.7%. This performance is certified by the National Renewable Energy Laboratory. The highest efficiency PSC was achieved by researchers at University of Science and Technology of China. The details of this
certified cell are listed below.Efficiency PCE (%)26.7%Device Area (cm2)0.052 cm2VOC (V)1.193 VJSC (mA/cm?2)26.49 mA/cm2FF84.2Highest Efficiency Perovskite-Silicon Tandem Solar Cell Silicon solar cells are the most widely adapted solar cell, due to their inherent stabilty and high performance. Silicon heterostructure solar cells are the highest
efficiency single junction silicon devices, with PCE of 27.3%.As solar cells approach their theoretical maximum efficiency, tandem solar cells provide a way to push solar cell efficiencies. Perovskites are both adaptable and versatile so are a great canditate to create perovskite-silicon tandem devices.As of 2025, the highest efficiency perovskite-silicon
tandem solar cell has a power conversion efficiency of 34.6%. This performance is certified by the National Renewable Energy Laboratory.The highest efficiency perovskite-silicon tandem solar cell was achieved by the Longi Solar. The details of this certified cell are listed below.Efficiency PCE (%)34.6%Device Area (cm2)1 cm2VOC1.996 V]JSC 20.7
mA/cm2FF83.6Highest Efficiency Perovskite-Perovskite Tandem Solar Cell As solar cells approach their theoretical maximum efficiency, tandem solar cells provide a way to push solar cell efficiencies. Perovskites are both adaptable and versatile so are a great canditate to create perovskite-silicon tandem devices.As of 2023, the highest efficiency
perovskite-silicon tandem solar cell has a power conversion efficiency of 29.1%. This device performance was certified by the National Renewable Energy Laboratory.The highest efficiency perovskite-silicon tandem solar cell was achieved by researchers at Nanjing University in collaboration with Renshine Solar. The details of this certified cell are
listed below.Efficiency PCE (%)30.1%Device Area (cm2)0.049 cm2VOC (V)2.20 VJSC (mA/cm216.7 mA/cm2FF81.2Perovskite MaterialsLearn More Perovskite Tandem Solar CellsPerovskite tandem solar cells are a hot topic for soalar researchers due to their potential for achieving high efficiencies at lower costs. These cells have garnered significant
attention, especially after LONGIi Solar set a record efficiency of 33.9%. This achievement has popularized perovskite tandem solar cells and motivated ongoing research.Read more...The AM1.5 SpectrumSolar irradiance varies depending on where you are in the world. This is because of a combination of local atmospheric conditions and geometric
considerations. The tropics, for example, receive more irradiance on average than the equator due to a lower prevalence of clouds, which reflect much of the incoming solar radiation.Read more... The Royal Society of Chemistry publishes 58 peer-reviewed journals, around 2,000 book titles and a collection of online databases and literature updating
services. Our international publishing portfolio covers the core chemical sciences including related fields such as biology, biophysics, energy and environment, engineering, materials, medicine and physics. As a not-for-profit publisher, we reinvest surplus funds back into the global scientific community, supporting our mission to advance excellence in
the chemical sciences. All of our journals offer authors the option to choose an open access licence. In addition to our subscription journals, where authors can also publish through the traditional route, we have a growing number of fully open access journals. Open access information for authors In November 2023, a buzzy solar technology broke yet
another world record for efficiency. The previous record had existed for only about five monthsand it likely wont be long before it too is obsolete. This astonishing acceleration in efficiency gains comes from a special breed of next-generation solar technology: perovskite tandem solar cells. These cells layer the traditional silicon with materials that
share a unique crystal structure. In the decade that scientists have been toying with perovskite solar technology, it has continued to best its own efficiency records, which measure how much of the sunlight that hits the cell is converted into electricity. Perovskites absorb different wavelengths of light from those absorbed by silicon cells, which
account for 95% of the solar market today. When silicon and perovskites work together in tandem solar cells, they can utilize more of the solar spectrum, producing more electricity per cell. Technical efficiency levels for silicon-based cells top out below 30%, while perovskite-only cells have reached experimental efficiencies of around 26%. But
perovskite tandem cells have already exceeded 33% efficiency in the lab. That is the technologys tantalizing promise: if deployed on a significant scale, perovskite tandem cells could produce more electricity than the legacy solar cells at a lower cost. The first outdoor test of perovskite-and-silicon solar cells lasting more than a year shows that the cells
retained over 80 percent of their initial 21.6 percent solar-conversion efficiency. The encouraging results come from tests conducted in the sunny, hot, and humid climate of the Red Sea Coast of Saudi Arabia, in what is the longest experiment ever reported on perovskite-silicon tandem solar cells, says Stefaan De Wolf, a material science and
engineering professor at the King Abdullah University of Science and Technology (KAUST).Tandem solar cells, which consist of a thin perovskite layer on a silicon solar device, keep breaking conversion efficiency recordsthe latest record stands at 31 percentand promise a theoretical efficiency of 40 percent. Conventional silicon cells, meanwhile have
reached an efficiency of 26.7 percent in the lab, already close to their theoretical peak of about 29 percent.Perovskites are also cheap and easy to make, essentially by growing crystals from a solution. Manufacturers have yet to deliver on their promise of commercial perovskite products, though. One issue bogging down perovskites is that they
degrade when exposed to oxygen, moisture, and light. And while much research has focused on improving device performance and stability, there have been few real-world tests of the technology. Previous outdoor tests on perovskite-silicon tandems, conducted by the same team, were six months long. Those tests showed that a special encapsulating
material was the key to extending the lifetime of the devices to over a year. With the results from these latest long-term tests, the team has now gained further insights into degradation and failure in the field. The goal is to solve, step by step, the puzzle towards long-term stability, says Michele De Bastiani, a professor of chemistry at Universit di
Pavia, in Italy, who worked on the project at KAUST.De Bastiani, De Wolf and colleagues soldered a metal wire on each side of the tandem cells to extend the electrode contacts. This making of metal contacts at the surfaces of solar cells to collect current, is one of these challenges unseen by the academic community but extremely relevant to the
industry, De Wolf says. The team then sandwiched the device between two layers of a polyurethane plastic and two layers of glass to make the encapsulated solar module. Previous testing had shown that, with layers of glass alone, eventually the volatile compounds released by the perovskite degrade the electrodes.The new cells were placed outdoors
from April 2021 to April 2022, and current-voltage scans were taken every 10 minutes between 6 a.m. and 6 p.m. The intense sunlight, heat, and coastal humidity of the location makes it one of the harshest conditions for PV operation, the researchers say. Degradation of the perovskite under light and high temperatures had the biggest impact on the
performance of the devices, they found. The impact of dust accumulation was surprisingly big, De Bastiani says. This is a well-known problem for PV plants, especially in desert environments. What we didnt expect was to see that the reduced light transmission through the dust is not the same for all wavelengths. That led to a mismatch in current
between subcells in the device, bringing down overall efficiency.Despite these issues, it is promising that the device retained 80 percent of its original power output after a full year of exposure under the harshest conditions, the researchers write in their paper published in Cell Reports Physical Science. We foresee that long-term, high-efficiency
perovskite silicon devices are within reach.Perovskite solar cells designed by a team of scientists from the National University of Singapore (NUS) have attained a world record efficiency of 24.35% with an active area of 1 cm?2. This achievement paves the way for cheaper, more efficient and durable solar cells.To facilitate consistent comparisons and
benchmarking of different solar cell technologies, the photovoltaic (PV) community uses a standard size of at least 1 cm2 to report the efficiency of one-sun solar cells in the "Solar Cell Efficiency Tables." Prior to the record-breaking feat by the NUS team, the best 1-cm2 perovskite solar cell recorded a power conversion efficiency of 23.7%. This
ground-breaking achievement in maximising power generation from next-generation renewable energy sources will be crucial to securing world's energy future.Perovskites are a class of materials that exhibit high light absorption efficiency and ease of fabrication, making them promising for solar cell applications. In the past decade, perovskite solar
cell technology has achieved several breakthroughs, and the technology continues to evolve."To address this challenge, we undertook a dedicated effort to develop innovative and scalable technologies aimed at improving the efficiency of 1-cm?2 perovskite solar cells. Our objective was to bridge the efficiency gap and unlock the full potential of larger-
sized devices," said Assistant Professor Hou Yi, leader of the NUS research team comprising scientists from the Department of Chemical and Biomolecular Engineering under the NUS College of Design and Engineering as well as the Solar Energy Research Institute of Singapore (SERIS), a university-level research institute in NUS.He added,
"Building on more than 14 years of perovskite solar cell development, this work represents the first instance of an inverted-structure perovskite solar cell exceeding the normal structured perovskite solar cells with an active area of 1 cm2, and this is mainly attributed to the innovative charge transporting material incorporated in our perovskite solar
cells. Since inverted-structure perovskite solar cells always offer excellent stability and scalability, achieving a higher efficiency than for normal-structured perovskite cells represents a significant milestone in commercialising this cutting-edge technology."This milestone achievement by Asst Prof Hou Yi and his team has been included in the Solar
Cell Efficiency Tables (Version 62) in 2023. Published by scientific journal Progress in Photovoltaics on 21 June 2023, these consolidated tables show an extensive listing of the highest independently confirmed efficiencies for solar cells and modules.Low-cost, efficient and stable solar cell technologyThe record-breaking accomplishment was made by
successfully incorporating a novel interface material into perovskite solar cells. "The introduction of this novel interface material brings forth a range of advantageous attributes, including excellent optical, electrical, and chemical properties. These properties work synergistically to enhance both the efficiency and longevity of perovskite solar cells,
paving the way for significant improvements in their performance and durability," explained team member Dr Li Jia, postdoctoral researcher at SERIS.The promising results reported by the NUS team mark a pivotal milestone in advancing the commercialisation of a low-cost, efficient, stable perovskite solar cell technology. "Our findings set the stage
for the accelerated commercialisation and integration of solar cells into various energy systems. We are excited by the prospects of our invention that represents a major contribution to a sustainable and renewable energy future," said team member Mr Wang Xi, an NUS doctoral student.Towards a greener futureBuilding upon this exciting
development, Asst Prof Hou and his team aim to push the boundaries of perovskite solar cell technology even further.Another key area of focus is to improve the stability of perovskite solar cells, as perovskite materials are sensitive to moisture and can degrade over time. Asst Prof Hou commented, "We are developing a customised accelerating aging
methodology to bring this technology from the lab to the fab. One of our next goals is to deliver perovskite solar cells with 25 years of operational stability."The team is also working to scale up the solar cells to modules by expanding the dimensions of the perovskite solar cells and demonstrating their viability and effectiveness on a larger scale."The
insights gained from our current study will serve as a roadmap for developing stable, and eventually, commercially-viable perovskite solar cell products that can serve as sustainable energy solutions to help reduce our reliance on fossil fuels," Asst Prof Hou added. The tandem device is based on a bottom organic cell that can achieve a remarkable
power conversion efficiency of 17.9% and a high short-circuit current densityof 28.60mAcm?2. Furthermore, it uses a top perovskite solar cell with an open-circuit voltage of 1.37V and a fill factor of 85.5%. June 26, 2025 Emiliano Bellini Researchers from the Solar Energy Research Institute of Singapore (SERIS) claim to have achieved a record-
breaking power conversion efficiency of 26.4% for a tandem solar cell based on a wide-bandgap perovskite bottom cell and a narrow-bandgap organic top device.The newly designed tandem cell achieved a power conversion efficiency of 27.5% on 0.05-cm2 samples and 26.7% on 1-cm2 devices, with the 26.4% result independently certified, the
scientists said, without revealing the name of the certification body. These findings mark the highest certified performance to date among perovskiteorganic, perovskiteCIGS, and single-junction perovskite cells at comparable size.The result was made possible by a new type of organic absorber in the bottom cell, which reportedly significantly
increases near-infrared (NIR) photon harvesting thanks to an asymmetric non-fullerene acceptor (NFA) known as P2EH-1V. This uses a unilateral conjugated -bridge to reduce the optical bandgap of the cell to 1.27eV while maintaining ideal exciton dissociation and nanomorphology and ensuring hole transfer to the electron donor PBDB-T-2F
(PM6).Thanks to this design, the organic cell was able to achieve a remarkable power conversion efficiency of 17.9% and a high short-circuit current densityof 28.60mAcm?2. Using ultrafast spectroscopy and device physics analyses, the research team found that the NFA enables absorption deep into the NIR region while maintaining a sufficient
driving force for efficient charge separation and promoting ordered molecular packing, thus achieving free charge carrier collection with minimal energy loss.The scientists used two layers with a transparent conducting oxide (TCO) interconnector to connect the organic cell with a top perovskite cell with an open-circuit voltage of 1.37V and a fill
factor of 85.5%. These advancements result in perovskiteorganic tandem solar cells achieving a record efficiency of 26.7% (certified at 26.4%) over an aperture area greater than 1cm2, the scientists said.With efficiencies poised to exceed 30%, these flexible films are ideal for roll-to-roll production and seamless integration onto curved or fabric
substrates think self-powered health patches that harvest sunlight to run onboard sensors, or smart textiles that monitor biometrics without the need for bulky batteries, said SERIS researcher Hou Yi. Thanks to their lightweight and flexible form factor, perovskiteorganic tandem solar cells are ideally suited to power applications that are run directly
on devices such as drones, wearable electronics, smart fabrics and other Al-enabled devices.The device was described in the paper Efficient near-infrared harvesting in perovskiteorganic tandem solar cells, which was recently published in nature.In December, researchers from the University of Potsdam in Germany and the Chinese Academy of
Sciences said they achieved an efficiency of 25.7% for a tandem solar cell based on the same configuration. This content is protected by copyright and may not be reused. If you want to cooperate with us and would like to reuse some of our content, please contact: editors@pv-magazine.com. Fig. 7. Contour plots comparing the performance of tandem
solar cells, with axes representing the bandgaps of top and bottom cells and contours indicating efficiency percentages. Source: R. K. Kothandaraman, Y. Jiang, T. Feurer, A. N. Tiwari, F. Fu, Near-Infrared-Transparent Perovskite Solar Cells and Perovskite-Based Tandem Photovoltaics, Small Methods 2020, 4, 2000395. highest theoretical efficiencies
under standard light intensities and AM1.5 G are 46% and 45.7% for four-terminal and two-terminal tandem solar cells, respectively. Twp-terminal tandem PVs have fewer bandgap combinations to reach the highest efficiency because they require both electrical and optical matching, whereas 4-terminal tandem PVs need only optical matching,
allowing a larger variation in the band gap of the top cell. Which of these two solutions could be the winner is still unclear. Both of them could have several benefits, but they have issues to be resolved before we can see them in the market. So far, we assumed that the illumination impinges exclusively on the top subcell. It is also worth mentioning
bifacial tandem solar cells. These interesting solutions collect light irradiation impinging on the rear side of the solar cells, increasing the overall amount of photons that are absorbed by the active layer. Each rainbow features the full range of the electromagnetic spectrum, including wavelengths from red to violet and beyond.But, these wavelengths
can present an obstacle for scientists working to harness energy from the sun.In response to this challenge, Northwestern researchers have co-developed a perovskite tandem solar cell that can better absorb sunlight of all wavelengths. The solar cell has broken records for efficiency.The research team published its findings on the solar cell in a
Nature article last November.Solar cells the building blocks for solar panels absorb energy from sunlight, which excites their electrons into forming an electric current, generating electrical energy. For decades, silicon has been the primary material of solar cells, but scientists have experimented with other substances to increase energy efficiency
and lower costs.Chemistry Prof. Ted Sargent, a co-author of the research paper, and his lab have worked with emerging photovoltaic materials to develop new solar cells for more than a decade, according to chemistry Prof. Bin Chen, a researcher from Sargents lab and another paper co-author.The research group first started studying perovskites,
materials containing the same crystal structure as calcium titanium oxide, about nine years ago. Chen said scientists have already improved the efficiency of perovskites to surpass that of silicon-based solar cells.Silicon progressed from a little bit below 10% to now 26.7% efficiency in the past five decades, Chen said. It only took perovskites less than
10 years to achieve the same thing.The labs focus on perovskites presented an opportunity to collaborate with paper co-author and chemistry Prof. Mercouri Kanatzidis research group, which published research in 2012 on the potential of the materials in manufacturing solar cells.The two labs developed an efficient perovskite tandem cell in
collaboration with researchers from the University of Toronto, University of Toledo and Saudi Arabias King Abdullah University of Science and Technology.Tandem cells consist of two cells with distinct band gaps or minimum energies required to excite electrons. Each band gap corresponds to a different part of the light spectrum, allowing the
tandem cell to produce more energy. Kanatzidis said each additional layer should improve efficiency.If you keep (adding cells), the theory says you can reach up to 40, 45, maybe 50% efficiency, which is a dream, Kanatzidis said.A frequent problem with tandem cells, however, is that electrons must travel through additional layers when following the
electric current, leaving the electrons prone to losing energy in a process known as recombination, Kanatzidis said. The scientists added a propane diammonium coating to the solar cell to reduce recombination and improve energy efficiency.The National Renewable Energy Laboratory assessed the efficiency of the research teams cell at 26.29%,
which beats the 25.7% efficiency record of single perovskite cells. The cell also reached 27.4% efficiency in the researchers lab a record for a perovskite tandem cell. But, Kanatzidis and Chen said challenges remain for maximizing the potential of perovskites, primarily their stability.According to Chen, while silicon solar cells can last for years, the
perovskite cell degrades and loses about 10% efficiency after 300 hours of continuous usage. He said the research group is currently working to determine the causes of degradation, in addition to experimenting with other innovations, like triple-junction cells.Regardless of questions on stability, Chen said the efficiency and cheap cost of perovskites
make them a promising material.In a statement to The Daily, NUsolar, a student organization which designs solar-powered race cars, said the researchers findings present exciting possibilities for future models in their field. These new cells ability to capture a wider range of the EM spectrum will surely prove a great step forward in improving overall
solar efficiency, McCormick junior Matthew Flais, the teams electrical lead, wrote. Some time in the future, we may yet see a solar car team power their vehicle with perovskite-based arrays made possible by this work.Kanatzidis said scholarship on perovskites and solar cells should continue to be an exciting area for inquiry in coming years as
scientists make further breakthroughs. He said he hopes his and Sargents lab groups will advance the state of the art in the field.Chen said as the world attempts to reduce greenhouse gas emissions, scientists must explore all possibilities for greater solar energy production. Perovskites, he said, will play a large role in that search.Net zero is a very
hot topic, and then we want to hit the target by 2050, Chen said. That requires a massive upscaling of the solar cells.Email: [emailprotected]Twitter: @rjleung7Related Stories: Evanston aims to make more public buildings solar-ready Q&A: Ryan Fellow, NU student Matthew Coile discusses recyclable plastic research Evanston secures $500,000 to
expand solar power accessThe most common types of solar panels are manufactured with crystalline silicon (c-Si) or thin-film solar cell technologies, but these are not the only available options, there is another interesting set of materials with great potential for solar applications, called perovskites. Perovskite solar cells are the main option
competing to replace c-Si solar cells as the most efficient and cheap material for solar panels in the future.Perovskites have the potential of producing thinner and lighter solar panels, operating at room temperature. In this article, we will do an in-depth analysis of this promising technology being researched by the solar industry. Here we will explain
the basics of perovskite solar cells, compare them to other technologies, and explain different variations of solar cells featuring perovskite.Photo: SolliancPerovskites, unlike crystalline silicon, comprise a family of materials receiving the name after the mineral they are made of, which in turn is named after Lev Perovski. Perovskites were researched
as absorber materials for the first time in 2006, with published results in 2009.The perovskites have a great potential in the solar industry for the creation of perovskite solar cells, making them the most promising of the 3rdgeneration photovoltaics. In just 5 years the efficiency of the perovskite solar cell has increased from less than 4% to above 20%,
a little more than 15 years later, the efficiency increased even further, achieving a perovskite solar cell efficiency of 30%.Structure of methyl ammonium lead triiodide (CH3NH3) | Source: NRELPerovskites have a closely similar crystal structure to the mineral composed of calcium titanium oxide, the first discovered perovskite, but researchers are
exploring many perovskite options like the methyl ammonium lead triiodide (CH3NH3). This mineral can be modified to adopt custom physical, optical, and electrical characteristics, making it more suitable for different types of applications.The perovskite solar cell applications are quite diverse, thanks to this technology featuring unique
characteristicslike a high-adsorption coefficient, long carrier separation transport, a larger distance between electrons and holes, and the capacity to be tuned to absorb different light colors (wavelengths) from the solar spectrum.As a result of featuring these characteristics, perovskite solar cells have the potential to replace traditional c-Si solar
panels and even most thin-film photovoltaics.To have a better understanding of this technology, it is important to analyze it in depth. In this section, we will dive into the details of perovskite solar cell, explain their structure and materials, how it works, and the major setbacks that slow the mass production of perovskite solar panels.The structure of
perovskite solar cellsdiffers slightly from the classical structure of Al-BSF c-Si solar cells. Perovskite solar cells can be manufactured using conventional n-i-p or p-i-n architecture, sandwiching the perovskite absorber layer between a Hole Transporting Layer (HTL) and an Electron Transporting Layer (ETL). The order of these layers varies with the
architecture of the cell.There are two types of perovskite absorber layers: planar and mesoporous. Planar layers remove the mesoporous scaffold material, leaving only the perovskite layer. Mesoporous perovskite layers, on the other hand, place the liquid perovskite solution over scaffold materials, with the materials for the mesoporous scaffold layer
being conductors like titanium dioxide (TiO2) and Zinc Oxide (ZnO), or insulators like Aluminum Oxide (Al1203) and Zirconium dioxide (ZrO2).Structure of a perovskite solar cell | Source: Li, S. et al.Perovskite solar cell manufacturers place a perovskite absorber layer between ETL and HTL, with both of these layers being sandwiched between
electrodes, and the transparent layer is then covered with glass. The most widely used method uses deposition with a One-Step Method, but there are different manufacturing methods using Two-Step depositions, Vapor-Assistance, or Thermal Vapor Deposition.Depending on the usage of a mesoporous or planar perovskite layer and the architecture of
the solar cell, different materials can be placed for the anode/cathode of the layer and different orders for the back sheet and the transparent layer. An n-i-p perovskite solar cell features a Gold (Au) anode and a Fluorine Doped Tin Oxide (FTO) transparent layer, while p-i-n perovskite solar cells can feature Aluminum (Al) cathodes and Indium Tin
Oxide (ITO) anodes.Different crystal compositions for perovskites and variations can be created, depending on the characteristics required for different applications. The most common type of perovskite used for solar cells is known as lead halide perovskites, and it is based on methyl ammonium lead halide.On a simple basis, perovskite solar power is
generated similarly to most photovoltaic technologies, under the photovoltaic effect. The photons in the solar light hit the perovskite absorber layer, exciting and freeing electrons, creating an electron-hole (e-h) pair. The electron then moves towards the HTL, which transports the electron to the conductor, powering the load.After electrons powered
the load by flowing as an electric current, they get collected by the ETL in the perovskite solar panel, this layer also suppresses the backflow of holes. Excited electrons might fill holes instead of flowing through the load as electricity, accounting for some of the perovskite solar power losses in a process called surface recombination.Perovskite is a
fairly new and growing solar cell technology with its first reported application in 2009, a little more than a decade ago. Crystalline silicon was first discovered in 1916, with its first solar application dating back to 1950, more than 70 years ago. This makes it understandable that the mass production of perovskite solar cells might still encounter some
barriers along the way.Schematic of the technical challenges facing perovskite photovoltaics commercialization | Source: ACS Energy Lett. 2022, 7, 5, 1728-1734For perovskite solar panel technology to be commercially successful, experts and perovskite solar cell manufacturers have to work on solving several challenges of this technology, focusing
specifically on producing efficient mass-manufacturing processes, perovskite solar cells with larger sizes, and increasing the lifespan of the cell.There are still many challenges the solar industry has to overcome for perovskite to be a viable technology for real long-term applications. The good news is that researchers all over the world are putting
their best efforts into solving these problems for the future.Crystalline silicon technology has been the norm for many decades in the solar industry. This is a matured technology with well-established mass production processes focused on cost-reduction for c-Si PV modules. This technology features an Al-BSF structure, using monocrystalline c-Si
(Mono c-Si) or polycrystalline c-Si (Poly c-Si) for the absorber layer.Considering the promising future for perovskite solar panels, it is important to compare this technology against the currently well-established crystalline silicon solar panels. In the following table, we compare both technologies, to provide you with a deeper understanding of the
potential of this new growing trend in the solar industry.Monocrystalline Silicon (mono c-Si)Polycrystalline Silicon (poly c-Si)PerovskitesHighest Recorded Efficiency25.4%24.4%29.15%Lifespan25-30 years30 months (2.5 years)Light Absorption PotentialWavelengths of light of 1,100 nmWavelengths of light of 850 nmTemperature Coefficient-0.39%/C-
0.38%/C-0.13%/C$$0.16/W -$0.46/W$0.24/W$0.16/WApplicationsResidential & IndustrialResidential & IndustrialPotential for residential, commercial, industrial, Building Integrated Photovoltaics (BIPV), tactical, and space applications.The perovskite solar cell efficiency is an excelling aspect where this technology stands out. Researchers have
achieved up to date a recorded efficiency of 29.15%, almost 30%, which is 3.75% more than the highest efficiency recorded for crystalline silicon Al-BSF technology. Considering that c-Si is a highly matured technology, this shows the promising potential for perovskite solar panels.However, one of the major setbacks that perovskite solar cell
technology faces is the lifespan of the cells. The c¢-Si solar cell technology is a matured technology achieving lifespans of up to 30 years, while perovskite solar panels barely last 30 months in the best of cases, currently making it impractical for most real-world applications.An interesting difference between c-Si and perovskites is the light absorption
potential. Crystalline silicon is limited to absorbing wavelengths equal to or superior to 1,100 nm, while perovskites can be tuned to respond to a wider variety of colors in the solar spectrum. This feature can be exploited in the future, creating solar panels that convert most wavelengths in the solar spectrum. Perovskite solar cells also have the
potential to be used for space applications.The manufacturing cost for perovskite solar cells is currently parallel to the lowest cost for crystalline silicon. This makes it an interesting option, especially considering that c-Si is a matured technology with years of development in the cost-reduction area. It is estimated that perovskite solar panels in the
future could cost around $0.10 per watt, making it one of the cheapest PV technologies in history.Finally, the different applications for perovskites solar panels could end up rapidly replacing c-Si technology, after well establishing the mass-production manufacturing process and figuring out the way to extend the expected lifetime to market
levels.Perovskite solar cell technology is considered a thin-film photovoltaic technology, since rigid or flexible perovskite solar cells are manufactured with absorber layers of 0.2- 0.4 m, resulting in even thinner layers than classical thin-film solar cells featuring layers of 0.5-1 m. Comparing both technologies provides an interesting contrast between
them.Except for III-V GaAs thin-film technology featuring the highest recorded efficiency at 68.9%, perovskite solar cell efficiency at 29.15% could be considered the most efficient thin-film technology, surpassing the 14.0%, 22.1%, and 23.4% conversion efficiency for amorphous silicon (a-Si), cadmium telluride (CdTe), and copper indium gallium
selenide (CIGS) thin-film technologies, respectively.Perovskite solar cell technology also far surpasses every other thin-film option in its cost. Regular thin-film photovoltaics cost around $0.40 to $0.69 per watt, while GaAs technology has a cost of $50 per watt. All of these prices far surpass the low $0.16 per watt cost for perovskite solar cell
technology, which can be brought down even further to $0.10 in the future.Thin-film solar technology is known for its great performance at different temperatures due to low-temperature coefficients, but perovskite solar cell technology performs even better than most thin-film photovoltaics (CdTe, CIGS, and a-Si) that feature temperature coefficients
ranging from -0.172%/C to -0.36%/C. GaAs solar cell is the only technology with a temperature coefficient of 0.09%/C, surpassing the performance of perovskite solar cells.CdTe and CIGS PVs are mainly limited to commercial and industrial applications, while a-Si thin-film is used for BIPV, and GaAs solar cells are used for space applications. Flexible
perovskite solar cell technology has the potential to be used in different applications, replacing thin-film photovoltaics, and it can also be used in residential applications since it features an outstanding efficiency and low cost.When learning about perovskite solar cells, is important to consider a variation of perovskite, which is the perovskite-silicon
tandem solar cells. These are solar cells featuring a unique design that combines traditional crystal silicon with perovskite solar cells.Perovskite silicon tandem solar cells are created by stacking a perovskite absorber layer (including HTL and ETL), on top of an n-type c-Si layer, featuring a recombination layer between them, made out of
hydrogenated a-Si (a-Si:H) or nanocrystalline silicon (nc-Si). These solar cells work by taking advantage of c-Si harnessing long-wavelengths and perovskite harnessing short-wavelengths to generate electricity.Perovskite silicon tandem solar cells partially stabilize perovskite material by featuring a wide bandgap and maintaining the efficient charge
carrier transport of the original perovskites. These solar cells deliver interesting benefits like a recorded efficiency of 29%, fewer required manufacturing steps and contact layers, a larger voltage output, and a great performance in high temperatures.Just like with single-junction perovskite solar cells, perovskite silicon tandem solar cells face several
setbacks like a reduced lifetime for the cell due to the effect of halide segregation and other factors. Researchers are still figuring out how to extend the lifespan of these cells. They have already figured out ways to produce 20-year lifespan cells, but with relatively rapid degradation for the generation capacity.Another important technology that
should not go unmentioned is perovskite-perovskite tandem solar cells. These cells feature a similar structure to perovskite silicon tandem solar cells but use different layers of perovskite. Perovskite-perovskite tandem solar cells require fewer fabrication processes, and less energy to recycle the cells, but most importantly, a fast Return of Investment
(ROI) of just 4-4.5 months.Perovskite solar cell technology is highly promising and delivers excellent benefits for the solar industry and customers, but like with most technologies in its maturing process, it requires researchers to find ways to overcome limiting factors like the stability of the cell, lifespan, mass-manufacturing protocols, and several
other aspects that still limit perovskite solar cell applications.The future of perovskite solar cell technology is bright and will most likely carry the solar industry to new horizons in the following decades. This technology has already achieved amazing benefits in just a little more than 15 years, like the following ones:Efficiency is close to 30% for a
single solar cell.Excellent performance in extreme weather with a temperature coefficient of -0.13%/C.Low manufacturing costs.Potential for many applications.Thinner and lighter solar cells than most thin-film photovoltaics.While currently there are a few setbacks, researchers are investigating ways to produce stable perovskite solar cells, to make
them work like any other solar cell. With the potential of delivering faster ROIs in less than a year, and producing high amounts of electric power, there are many projections for perovskite solar technology.Some studies do not only consider single-junction perovskite solar cells but are also considering combining perovskite in perovskite-perovskite,
perovskite-CIGS, and perovskite-Organic Photovoltaic (OPV) tandem.These combinations could yield excellent benefits like higher efficiency, increased stability, and several other benefits. One future potential for perovskite solar cells is a higher increase in their efficiency. While this technology has already achieved a 29.15% efficiency, the future
could produce an efficiency close to 38%, which is its theoretical maximum perovskite solar cell efficiency.The potential for a wide range of perovskite solar cell applications is another aspect in which this technology excels. As a result of perovskite having a more flexible and lighter design than most thin-film photovoltaics, and higher efficiency than
traditional rigid c-Si solar panels, this technology has the potential to completely replace both thin-film and silicon-based models, becoming the main technology in the solar industry for residential, commercial, utility-scale, tactical, and even space applications. Kojima, A., Teshima, K., Shirai, Y. & Miyasaka, T. Organometal halide perovskites as
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