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Third generation solar technologies are expected to usher in a new 
era of increased functionality and lowered costs, adding to the 
overall value proposition of solar power generation. In the short 
term, incumbent technologies will outperform emerging solar cell 
platforms, both in terms of performance and cost structure due to 
economies of scale achieved. Hence, developers of organic (OPV) 
and dye sensitised solar cells (DSSCs) will need to identify niche 
markets that will allow for seeding further growth in later years.

Due to worldwide concerns about the environment and the 
intense expenditure of natural resources that have led to 
increasing costs of energy, the need for sustainable practices 

in power generation has been highlighted. Moves in technologically 
advanced countries around the globe include government mandates 
for curbing the use of fossil fuels and country-wide targets for carbon 
footprint reduction, and a general turn towards renewable energies. 
Wind, hydroelectric, solar thermal and solar (photovoltaic) technologies 
have attracted the most attention. In the photovoltaic segment, the mar-
ket’s needs are almost entirely served by silicon based cells along with 
thin film photovoltaics based mainly on Cadmium Telluride, amorphous 
silicon and CIGS technology platforms. These two main categories of 
solar cells, silicon and thin film based comprise the first two generations 
of solar cells. Organic and dye sensitised solar cells are considered a 
3rd generation of solar technologies, having been developed through 
research in more recent years (approximately 25 years). 

Silicon and thin film solar cells, through performance improvements, 
government incentives in some parts of the world and mass produc-
tion at high volumes have reached price points that make them very 
attractive and are currently the favoured technologies when looking at 
large scale installations such as roof top (residential and commercial) 
or solar farms. 

The advent of 3rd generation relates to their potential for reach-
ing even lower costs due to the use of abundant, low cost materials 
and simple manufacturing processes along with added functionalities 
such as lower weight, flexibility, semi-transparency, etc. These added 
performance metrics can potentially enable the use of photovoltaics in 
new applications where rigid conventional cells would be unsuitable. 
Together with their cost reduction potential they will eventually offer 
solutions that can allow for further adoption of solar power generation 
but how quickly can this be achieved? 

Performance limitations in 3rd generation solar cells
The main issues that 3rd generation PV technologies have to solve relate 
to performance limitations: in lifetime and efficiency. The champion ef-
ficiency map in Figure 1 (for outdoor lighting conditions), compiled by 

the National Renewable Energy Laboratory in the USA clearly depicts 
the handicap in best performance achieved by OPVs and DSSCs when 
compared to technologies that have been under development for longer 
and have achieved much better efficiency levels. On the other hand 
and on a more positive note, it is also obvious that amorphous silicon 
performance is not out of reach anymore and the gap in efficiency has 
closed dramatically in recent years.

Figure 1: Best performance achieved in research PV cells. OPV and DSSCs 
depicted in orange. Source: NREL.

In OPVs, Heliatek GmbH, technology leader in the field of vacuum 
deposited organic solar films (see Figure 2), continues to set new 
world records for organic solar cells. The company has demonstrated 
maximum efficiency of its latest cells at 10,7%.

Figure 2: Vacuum deposited solar cell by Heliatek. Source: Heliatek GmbH

For DSSCs specifically, a worrying stagnation in champion efficiency 
developments was recently arrested, with research led by Professor 
McGehee at Stanford University, and published in Nature Photonics in 
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March 2012, demonstrating material and structural optimisations that 
make it possible to obtain higher open-circuit voltages, leading to a 
record power-conversion efficiency of 12,3%. A significant limitation 
for both OPVs and DSSCs remains the stability of these types of cells, 
especially when taking advantage of flexible form factors and not 
depositing on glass. Lifetime in some utilisation scenarios is limited to 
around two years, a significant difference from the 25+ year lifetime 
guarantee offered by competing technologies. Glass deposited ver-
sions can achieve lifetimes over 10 years but degradation mechanisms 
relating to sensitivity to moisture, oxygen and in some cases light itself 
have posed a barrier on achieving lifetimes that are competitive with 
incumbent technologies. 

These limitations, along with advantages and comparison to incum-
bent technologies, can be summed up in the radar graph in Figure 3. 
OPVs and DSSCs do not offer very high efficiency levels or lifetime but 
can offer good form factor, better indoor performance, the potential for 
low cost large-scale manufacture, and low capital expenditure.

 

Figure 3: A radar chart comparing attributes of different PV technolo-
gies. In order to draw the radar chart, module efficiency and lifetime are 
normalised with respect to 18% and 25 years. Source - IDTechEx report: 
Organic Photovoltaics: Technologies, Markets & Players 2012-2022.

Identification of niches, market penetration in the 
short term
Since it becomes increasingly hard to compete in rooftop and solar 
farm installations with other solar technologies, it is of the utmost 
importance for OPV and DSSC developers to identify segments where 
perceived benefits outweigh performance limitations. Superior low light 
performance in indoor environments (as demonstrated in Figures 4a and 
4b, improved high temperature performances compared to traditional 
solar technologies, increased flexibility, semi-transparency, and ease of 
manufacture are some of the advantages that can make a convincing 
case for 3rd generation technologies in specific applications.

Figure 4a: DSSC absorption spectrum superimposed over a fluorescent 
light emission spectrum. 

Figure 4b: DSSC power output in low level lighting conditions compared 
to amorphous silicon performance. Source: Solarprint.

Indoor applications
The added benefits of indoor operating conditions have allowed for 
the commercialisation of some of the first DSSC products, optimised 
for operation in the specific environments they will find themselves in. 
Examples include the Folio wireless keyboard launched in May 2012 
by Logitech, exclusively powered by solar cells. 

 
 

Figures 5a (above), 5b: The Logitech Folio. Source: G24 Innovations- Log-
itech.

G24i’s solar battery system is also currently being used in conjunction 
with Skyco shading systems and BTX Motors at a major hotel chain in 
Las Vegas as part of its $50 M renovation. The G24i/BTX/Skyco offering 
of solar powered motorised blinds is estimated to have saved the hotel 
over $3 M in construction costs by utilising the G24i solar technology.

Wireless sensors-wireless sensor networks
The emerging market for wireless sensors and wireless sensor net-
works is also of particular interest. Energy harvesting wireless switches 
and sensors can collect small amounts of energy from their environ-
ment. With the advent of ultra low power electronics many sensors 
can operate by harvesting very small amounts of light from their sur-
roundings, enabling them to register, detect and transmit information 
wirelessly. These technical breakthroughs reduce the energy needed 
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to transmit a signal. As a result, deployments of energy harvesting 
wireless sensors make applications feasible, while minimising main-
tenance costs, enabling their operation in environments where other 
technologies (eg primary coin cells with their limited lifetime and need 
for frequent changing) are unsuitable.

What is interesting about this market space is that several different 
verticals would have an interest in DSSC enabled sensors and actuators, 
whether it is in building automation, industrial automation and condition 
monitoring, in civil infrastructure or even in vehicles (from cars to ships 
to aircraft etc). Companies such as SolarPrint and G24 Innovations are 
spearheading the efforts for adoption in this space, in collaboration 
with sensor technology and low power electronics developers in order 
to create prototypes and demonstrators that can showcase the pos-
sibilities opening up through the use of harvester-powered wireless 
sensing/actuation.

Building integrated applications
In building integrated photovoltaics (BIPV) projects, advantages of 
OPVs and DSSCs include flexibility, light weight and semi-transparency. 

Semi-transparency could become very relevant in smart windows 
applications eg, as developed by Philips under their electronic skin 
projects. Part of Philips’ rationale as to why energy harvesting makes 
sense for powering smart windows is based on the fact that no one 
really expects to have windows plugged into the wall. Based on elec-
trophoretic technology, smart windows can move from a transparent 
state to a black state with a very small amount of power. This means 
that, depending on needs, natural light can come through windows, 
or indoor artificial light can be utilised, privacy can be regulated, etc. 
Utilising the ability for operation under many different levels of light 
intensity, DSSCs would be ideal power sources that would allow for 
windows to remain ‘off the grid’, even with these added functionalities 
incorporated in them.

At this point, it needs to be clarified that application/utilisation of 
3rd generation technologies in this space starts to become a conten-
tious issue, mainly due to practical issues relating to performance over 
cost (power output over the complete lifetime of the product). Longer 
lifetimes and higher power outputs achieved by other technologies in 
this type of larger-scale installations will inhibit penetration of DSSCs 
and OPVs, especially as long as low performance characteristics are 
accompanied by increased costs due to limited production volumes. 

Conclusion 
As the interest in renewable energies grows, more applications are 
being identified and at the same time, new technologies developed 
lead to innovative devices with added functionality that lead to more 
sustainable production of energy. Whether it is large scale installa-
tions or small-sized deployments, the overall advantages relate both 
to a cleaner, more sustainable way of producing energy to cover ever 
increasing needs, and to the realisation of projects and applications that 
were previously not possible. 

Penetration of new technologies remains an arduous task that 
often needs to be supported by incentives, government mandates and 
insightful investment into technologies that do not necessarily have all 
the characteristics to make them competitive at present. 
Third generation photovoltaic technologies are currently facing chal-

lenges relating to performance and utilisation of materials that are ex-
pensive, leading to overall cost structures that are not as cost-effective 
as competing technology platforms. The identification of niche markets 
that will allow for initial small volume commercialisation is the best 
way to keep companies afloat during the first few difficult years when 
incumbent technology performance over cost ratios makes adoption 
of new, less competitive technologies harder. 

These niche markets, usually characterised by lower volumes and 
more specific requirements that do not necessarily match the interests 
of existing technologies that are focused on providing for larger existing 
markets, give the opportunity to new companies to generate income 
that will support them during their humble beginnings. It will allow for 
further research and development activities that will optimise perform-
ance and eventually lead to larger volumes that  can potentially increase 
cost-effectiveness through economies of scale. 

The company the author represents has been following the mar-
kets for OPVs and DSSCs very closely for more than 10 years and 
has developed performance and cost road maps for these solar cells, 
allowing for a better understanding of how commercialisation is going 
to progress over the next decade. 

The market for each of these third generation technologies is 
expected to reach a few hundred million dollars by 2020, but could 
potentially see significant growth in later years, mainly due to the 
potential for utilisation of low cost materials and manufacturing proc-
esses. Assuming that performance optimisation will continue over the 
next decade, the final performance over cost ratios will finally become 
competitive, and together with the ability to establish new markets 
due to new form factors and functionalities will lead to faster growth 
rates, larger market penetration in existing segments and creation of 
new market opportunities. 
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