
 

 
Latest Advances in Solar Cell Technology  
 
By Skye McClain, Nerac Analyst 
 
Nerac analysts have expertise in just about every area of technology… from food & nutrition and 
medical devices, to engineering and materials science.  We provide insight to our clients on 
intellectual property, emerging markets and the latest scientific research. 
 
Occasionally Nerac analysts are asked to write an article on a topic which interests them.  These 
articles showcase our capabilities, and provide examples of the type of information we’re capable 
of providing to our clients. 
 
For this article, I decided to focus on recent advances in solar energy, since I believe these will 
have some of most significant impacts on the world around us over the next decade.  
Transitioning to a world which has a virtually unlimited supply of energy will have incredible 
consequences for all of us.   
 
Our sun is supplying the Earth with an overly abundant supply of energy… we only need to be 
able to harvest it.  Green, renewable energy will have wonderful consequences, such as 
removing energy concerns for global warming.  Also, access to fresh water will be greatly 
improved with having unlimited energy available for seawater desalination. 
 
Decreasing Prices of Solar Energy Systems 
There are two factors at work driving us toward this solar energy independence… technological 
advances in the efficiency of harvesting solar energy, and a decrease in the price of the systems 
which we will use to do so. 
 
According to a recent press release by the National Renewable Energy Laboratory (“Solar Energy 
Prices See Double-digit Declines in 2013; Trend Expected to Continue”, dated October 20, 2014) 
the price of solar energy will continue to decrease considerably: 
 
“Distributed solar photovoltaic (PV) system prices dropped by 12 - 19 percent nationwide in 2013, 
according to the third edition of a jointly written report on PV pricing trends from the Energy 
Department's (DOE) National Renewable Energy Laboratory (NREL) and Lawrence Berkeley 
National Laboratory (LBNL). In addition, 2014 prices are expected to drop another 3 - 12 percent, 
depending on system location and market segment. Industry analysts expect this trend to 
continue over the next couple of years…” 
 
A Nearly Limitless Supply of Energy 
 
Environment America, a federation of state-based, citizen-funded environmental advocacy 
organizations, has just published a report on solar energy: “Star Power – The Growing Role of 
Solar Energy in America” which states: 
 
“Solar energy is poised to make the same leap that the Internet, the smartphone and countless 
other technologies have made, from niche technology to household staple. The availability of 
sunshine is certainly no barrier – enough sunlight strikes the United 
States each day to power the nation 100 times over.” 
 
“Each of the 50 states has the potential to generate far more electricity from the sun than its 
residents consume.” 
 
The report provides a figure showing the potential for each of the states: 
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Their projections are based on the current state of solar energy generating systems.  As the 
efficiencies of these systems increases, the comparisons will only improve. 
 
Ray Kurzweil, currently a director of engineering at Google, has an even more optimistic outlook: 
 
“…we have 10,000 times more free energy from the sun falling on the Earth than we need to 
meet 100% of our energy needs.  Total solar energy is doubling every two years and is about 
seven doublings from meeting all of our needs.”  (from his online blog dated April 8, 2013) 
 
If his projection holds true, the Earth will be energy independent in a little over a decade’s time 
(by 2027).  Exponential increases in technological advances can be a wonderful thing. 
 
Nanomaterials are the Key 
 
Looking at recent advances to improve the efficiency of photovoltaics, it is obvious that 
nanomaterials are playing a major role.  Researchers are incorporating nanomaterials such as 
carbon nanotubes, nanowires and graphene into solar cells, and these are greatly improving the 
efficiency of these devices. 
 
 
Carbon Nanotubes 
 
Carbon nanotubes are cylindrical carbon molecules which have excellent properties for use in 
solar cell applications, including their electrical conductivity unrivaled mechanical strength.  The 
use of carbon nanotubes in photovoltaic patents has been increasing steadily since 2000: 
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Researchers have been applying thin films of carbon nanotubes to significantly increase the 
transport of the electrical energy generated within the solar cells.  Research efforts in this area 
has been taking place at Yale University and Umeå University (Sweden): 
 
“In a pair of recent papers, Yale engineers report a novel and cost-effective way to improve the 
efficiency of crystalline silicon solar cells through the application of thin, smooth carbon nanotube 
films. These films could be used to produce hybrid carbon/silicon solar cells with far greater 
power-conversion efficiency than reported in this system to date.”  (New carbon films improve 
prospects of solar energy devices, February 13, 2013) 
 
“We have found that the resulting nano networks possess exceptional ability to transport charges, 
up to 100 million times higher than previously measured carbon nanotube random networks 
produced by conventional methods,” says Dr David Barbero, leader of the project and assistant 
professor at the Department of Physics at Umeå University. (Nano-engineered composites 
promise a boost in efficiency in next-generation solar cells; March 18, 2014) 
 
 
Nanowires 
 
Nanowires can be made from a number of different materials, from metals to oxides, all with 
different properties.  The use of nanowires in photovoltaic patents has shown growth similar to 
that of carbon nanotubes: 
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Researchers at the Niels Bohr Institute (Denmark) have incorporated gallium arsenide (GaAs) 
nanowires onto the surface of silicon in solar cells: 
 
“Scientists from the Nano-Science Center at the Niels Bohr Institut, Denmark and the Ecole 
Polytechnique Fédérale de Lausanne, Switzerland, have shown that a single nanowire can 
concentrate the sunlight up to 15 times of the normal sun light intensity. The results are surprising 
and the potential for developing a new type of highly efficient solar cells is great.” (Nanowire solar 
cells raises efficiency limit; March 24, 2013) 
 
Research at MIT went a step further, incorporating lead sulfide quantum dots (nanoscale 
materials which exhibit quantum mechanical properties ) in a “forest” of zinc oxide nanowires.  
One of the researchers (Joel Jean, an MIT doctoral student) is quoted in their press release: 
 
“These nanowires are conductive enough to extract charges easily, but long enough to provide 
the depth needed for light absorption, Jean says. Using a bottom-up growth process to grow 
these nanowires and infiltrating them with lead-sulfide quantum dots produces a 50 percent boost 
in the current generated by the solar cell, and a 35 percent increase in overall efficiency, Jean 
says. The process produces a vertical array of these nanowires, which are transparent to visible 
light, interspersed with quantum dots.” (New solar-cell design based on dots and wires; March 25, 
2013) 
 
 
Graphene 
 
While carbon nanotubes are sheets of carbon wrapped into a cylindrical shape, graphene is the 
pure two-dimensional array of carbon atoms.  Like carbon nanotubes, graphene similar properties 
(strength and electrical conductivity) which is very useful in photovoltaic applications. 
 
Unlike carbon nanotubes and nanowires, the use of grapheme in photovoltaic patents has shown 
a more recent increase in activity: 
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Researchers at Helmholtz-Zentrum Berlin (HZB) in Germany have been working on incorporating 
graphene directly into silicon photovoltaics: 
 
“Graphene has extreme conductivity and is completely transparent while being inexpensive and 
nontoxic. This makes it a perfect candidate material for transparent contact layers for use in solar 
cells to conduct electricity without reducing the amount of incoming light  - at least in theory. 
Whether or not this holds true in a real world setting is questionable as there is no such thing as 
"ideal" graphene - a free floating, flat honeycomb structure consisting of a single layer of carbon 
atoms: interactions with adjacent layers can change graphene's properties dramatically. Now, Dr. 
Marc Gluba and Prof. Dr. Norbert Nickel of the HZB Institute for Silicon Photovoltaics have shown 
that graphene retains its impressive set of properties when it is coated with a thin silicon film. 
These findings have paved the way for entirely new possibilities to use in thin-film photovoltaics.” 
(Major lead towards graphene for solar cells; August 10, 2013) 
 
Dye-sensitized solar cells incorporate relatively expensive materials (platinum or ruthenium) in 
their construction.  Finding replacements for these materials would reduce the cost of these solar 
cells significantly.  Researchers at Michigan Technological University have worked on using 
three-dimensional graphene structures to do just that: 
 
“The researchers determined that the 3D honeycomb graphene had excellent conductivity and 
high catalytic activity, raising the possibility that it could be used for energy storage and 
conversion. So they replaced the platinum counter electrode in a dye-sensitized solar cell with 
one made of the 3D honeycomb graphene. Then they put the solar cell in the sunshine and 
measured its output.  The cell with the 3D graphene counter electrode converted 7.8 percent of 
the sun’s energy into electricity, nearly as much as the conventional solar cell using costly 
platinum (8 percent).” (3D Graphene: Solar Power's Next Platinum?; August 21, 2013) 
 
 
Where To From Here? 
 
Which technologies will be those which will move solar energy forward to the point of providing 
our planet with limitless energy?  No one can tell.  All that is certain is that the technological 
advances will continue, with researchers focusing on those which are most promising.  Our solar 
future is looking bright. 
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Keeping track of these advances is what Nerac is well suited to do.  Our analysts are constantly 
monitoring and researching technological advances for our clients.  If you are interested in 
exploring our capabilities, you can find more information at our website www.nerac.com.   
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Skye McClain, Ph.D. 
 
Analyst Skye McClain, Ph.D., specializes in helping clients assess the business and production 
impacts of implementing a new material or processing method. Companies from a wide range of 
industries work with Dr. McClain to analyze the feasibility of new materials, evaluate processing 
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About Nerac 
 
Nerac Inc. is a global research and advisory firm for companies developing innovative products 
and technologies.  Nerac provides expert insights that equip clients with the knowledge to 
develop or refine a technology, explore market growth opportunities, evaluate intellectual property 
strategies and respond to regulatory changes. Nerac serves approximately 20,000 users 
worldwide and answers over 5,000 research questions each year.  Nerac has a long, successful 
consulting history in a wide-range of industries with a strong focus in the areas of pharmaceutical, 
food and nutraceuticals, medical device, engineering, energy and advanced materials. 
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