


IN RECENT YEARS, the world has become 
both disenchanted and disinclined to rely upon 
fossil fuels. Indeed, even if the environmental 
hazards surrounding fossil fuel usage does not 
concern individuals, companies and countries, 
their increasing price is certainly a deterrent 
to their use.  With these concerns in mind, it 
is unsurprising that over the last decade the 
development and installation of ‘greener’ 
energy provisions has substantially increased.

Although a large variety of solar cell 
technologies have emerged over recent 
years, the development of an economically 
viable source of solar energy is still to come 
into fruition. Two vital parameters which can 
determine the economic success of a specific 
solar cell design are the production cost and 
the cell’s efficiency. It is in these key areas that 
Dr Martin Loeser’s team in Zurich, who wish to 
develop more efficient solar cells, are focusing 
their attention.  

A BRIEF HISTORY OF SOLAR CELLS

Roughly speaking, there are three different 
generations of solar cells. The first generation 
employs crystalline silicon, which is based on 
well-established production technologies and 
can boast high efficiency.  Yet despite these 

apparent benefits, the production process for 
this high-purity silicon is intricate and energy 
consuming, which ultimately results in high 
prices and prevents such devices from large 
scale market penetration. 

As a consequence, the second generation, thin 
film solar cells, emerged. Among the main 
advantages of these devices are the greatly 
reduced demand of semiconductor material, the 
use of cheaper materials (such as amorphous 
silicon), the employment of inexpensive 
production techniques and the possibility 
to grow these cells on flexible substrates. 
Furthermore, in spite of the materials’ poorer 
electronic and optical properties, which result 
in significantly lower efficiencies, their low price 
has gained thin film solar cells a significant 
market share. 

Unsurprisingly, it was in order to boost the 
efficiency of thin film devices, that the third 
generation solar cells started to be developed. 
It is this type of solar cell that is presently 
under intensive research. This new generation 
is based on thin film technologies, but takes 
attempts to improve the cell’s performance. 
Typical examples of third generation solar cells 
would be multi-junction cells, low-dimensional 
quantum dot devices, organic solar cells, and 
nanostructured solar cells.

THE PROJECT

Loeser’s current research into solar cells is 
centred around the overarching aim of improving 
the optical properties of nanostructured 
thin film solar cells. His team hopes that by 
combining both experimental and numerical 
techniques they can successfully develop more 
efficient and inexpensive thin film solar cells.

The group’s research focuses on nanowire 
thin-film solar cells with cadmium selenide 
(CdSe) lightabsorbers. Loeser believes that by 

combining both numerical and experimental 
tools his team will be able to establish a 
framework for thin-film solar cells with 
nanowire or other nanostructured absorbers, 
which will boast efficient analysis and design. 

However, it is not a completely straightforward 
process. “The challenge for us,” explains Loeser, 
“is that optical processes in such devices are 
hard to model and understand, and we address 
this issue by combining experimental and 
numerical tools to gain a better insight into 
these processes.” The routine that the group is 
currently following works by firstly producing 
the solar cells and measuring their optical 
characteristics – of particular interest is the 
cells’ ability to trap and convert the incident 
sunlight. Secondly, the team makes computer 
models of these cells and coordinate numerical 
simulations, so as to analyse and explain their 
previous experimental findings. The ultimate 
goal would be using computer software as a 
powerful tool to accelerate and facilitate the 
solar cell design process.

RESULTS AND CHALLENGES 

To speak of specific, significant findings 
and results of the project to date would 
be too narrow a frame of reference. The 
research being conducted in Zurich can 
best be described as a continuous process, 
where new insights are gained step by step. 
However, within the modular, trial-based 
study, the team has learned that their 
specifically developed 3D optical simulation 
software is well applicable. Furthermore, by 
comparing simulations with experimental 
results,  it is easier to understand the optical 
processes in nanostructured solar cells. These 
developments do, of course, point towards a 
future of more efficient solar cells.

However, there are significant challenges facing 
this area of study. One of the main challenges  
is the numerical simulation of nanostructured 
thin-film solar cells. To put this in context, there 
is general agreement that numerical simulations 
are of paramount importance when analysing 
or designing novel semiconductor devices, and 
this also holds for solar cells. When numerically 
analysing the optical characteristics of third 
generation solar cells, which feature sub-

The future of solar power
An interdisciplinary research team led by the School of Engineering at 
the Zurich University of Applied Sciences is currently making headway 
in the design and production of efficient and inexpensive thin film solar 
cells. However, such a feat of engineering is not always easy

FIGURE 1. Result of a numerical simulation: light 
propagation inside a solar cell featuring nanowire light 
absorbers.
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wavelength nano-structures, there is a broad 
consensus in the research community that this 
step requires the rigorous solution of Maxwell’s 
equations.

The problem is, while there are several well-
established and proven numerical approaches 
for solving these equations, it is computationally 
expensive to do so, and both computation time 
and memory consumption strongly increase 
with the greater size of the simulation domain. 
This is why, for solar cells, only a small fraction 
of the entire solar cell is being modelled. 
Although efforts have been made to alleviate 
the computational constraints, the high 
computational costs are still a limiting factor 
when simulations are to be run on medium-
sized computer servers.

It is clear, therefore that the team still has a 
long way to go in order to resolve these issues. 
Loeser’s work has uncovered, however, that 
the employment of a novel Finite-Element 
based formalism – the Ultra-Weak Variational 
Formulation (UWVF) – is well suited for the 
optical simulation of third-generation solar cells.  
So far, by employing this method, the team has 
been allowed to numerically investigate larger 
domains at significantly reduced computational 
cost; a success that certainly needs to be build 
upon.

HOPES FOR THE FUTURE

Overall, by combining numerical and 
experimental techniques the project members 
strongly believe that a better understanding of 
the light diffusion and charge separation will be 
achieved, which will ultimately lead to higher 
solar cell efficiencies.

In order to branch out and continue their success, 
the researchers want to ensure and obtain good 
agreement between simulated and measured 
data. The next steps of their project, therefore, 
will include the analysis of a larger class of 
devices and further analysis of techniques. 
Furthermore, the fact that most of the success 
of solar power is normally rated in power 
efficiency can sometimes lead to a general lack 
of clear and systematic investigations into the 
influence of each individual parameter in solar 
cell efficiency. For this reason, Loeser’s group 
is determined to combine experiments and 
simulation in all future work.

Thus, it is hoped the ultimate impact of this 
research will make a contribution to the 
advancement of a third generation solar cell 
technology. In other words, they want to learn 
during the course of the project how to design 
and produce efficient and inexpensive solar 
cells.
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The team hopes that their project will make 
a contribution to the advancement of a third 
generation solar cell technology

FIGURE 2. (Left) Urchin absorber (Right) Nano absorber
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