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I. Introduction 

I.1. Objectives of the SWOT analysis 
This study has the objective to give a general overview on the use of nanomaterials in the 
energy sector and does not pretend to be exhaustive. It will give to small and medium sized 
enterprises (SMEs) the possibility to have a concise description of the development in this 
sector. For this reason no scientific detail and precise technological explanation are 
presented. 
 
Four main aspects of the industrial branch will be described in the SWOT analysis. The 
“Strengths” and “Weaknesses” will give information on the actual State of the Art concerning 
the use of nanomaterials and the “Opportunities” and “Threats” will describe future Trends 
and Vision in the industrial sector.  

In order to give precision about the definition of the terms “Strengths”, “Weaknesses” 
“Opportunities” and “Threats” in relation to the project NanoRoadSME, specific questions 
were defined for each of the four aspects. 

�  Actual industrial state of the art  

“Strengths”  
Which nanomaterials are presently industrially used in the corresponding sector? What are 
their technological and socio-economic advantages? 
 
“Weaknesses” 
What are the actual technological and socio-economic barriers to be overcome concerning 
products and applications in the corresponding sector? 
 

�  Trends and vision in the sector 
“Opportunities” 
How can R&D opportunities  in nanomaterials (new development of nanomaterials, scientific 
breakthroughs) solve the existing problems and improve the existing weaknesses of 
products? 
 
“Threats” 
What are the threats/risks  linked with the new opportunities; technological, market and 
socio-economic risks?  
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I.2. Overview on the energy sector 
The main challenges for the application of nanomaterials in the energy sector are the 
improvement of the efficiency, the reliability, the safety and the lifetime as well as the 
reduction of costs . 
 
In order to give a clear overview and description of the industrial sector, three different levels 
have been defined in the project: 

�  Level 1: Domains of application 
�  Level 2: Products in these domains of application 
�  Level 3: Nanomaterials used in the products or having the potential to improve the 

weaknesses of existing products 

I.2.1. Applications in the energy sector 
Three main domains of application can be identified in the energy sector (Figure 1): 

1. Energy conversion / production 
2. Energy storage 
3. Energy saving 

In each domain of application different products can be identified in which nanomaterials play 
at present or have the potential to play in the future an important role. 
 
The SWOT analysis will present the link between the three. 
 

 
Figure 1: Main domain of application for nanomateri als in the energy sector 
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The most promising application fields for the energy conversion will be:  

�  photovoltaics (solar cells), 
�  hydrogen conversion (fuel cells), 
�  thermoelectricity (themoelectronic devices). 

 
For energy storage the most promising application fields will be: 

�  rechargeable batteries 
�  supercapacitors. 

 
For energy saving the interesting application fields will be: 

�  insulation (aerogels, smart glazes)  
�  more efficient lightning (LEDs, OLEDs). 

 

I.3. Relevant nanotechnology effects for applicatio ns in the energy sector 
 
Nanoparticles are especially relevant for the energy sector because of their specific 
properties. 
 
Nanoparticles  present large surface area which leads to high reactivity with low material 
quantity and brings advantages in the following domains: 

o Better catalysts 
�  Higher reaction rates 
�  Lower processing temperatures 
�  Reduced emission 
�  Need for less material 

o Improving combustion processes 
�  Higher efficiency 
�  Lower processing temperatures 

o Energy storage applications 
�  E.g. hydrogen storage 
�  E.g. electrodes for lithium batteries 

o Energy transformation/conversion/production 
�  E.g. electrodes for fuel cells 
�  Higher absorption rates for light in solar cells 

·  Tuned the spectral absorption of light by the dimension of the 
absorbing nanoparticles 

 
Composite materials integrating nanoparticles (e.g. nanotubes) have the potential to present 
improved mechanical properties combined with a reduced weight. Lighter materials for 
automotive or airplanes applications will reduce the energy consumption.  
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II. SWOT analysis on the energy sector 

II.1.  Energy conversion – energy production 
In the domain of energy conversion the following applications and products can be listed 
(Figure 2). 
 

 
Figure 2: Applications and products in the domain o f energy conversion 

II.1.1. Solar photovoltaics 

(1) Nanomaterials presently commercially used 
o No nanomaterials are presently commercially used in the application field of 

solar cells1/2. The materials are still in a development and test phase. 

(2) Barriers to overcome: 
o Reducing of the production costs, i.e. costs for surface production (cells) 
o Improving of the efficiency 
o Reliability (degree of reliability) 
o Toxicity 

 

(3) Possible solution through nanomaterials and risks linked: 

                                                
1 Expert interview, Mr. Springer, ZSW Stuttgart 
2 Expert interview, Mr. Kern, Fraunhofer ISE, Freiburg 
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o Efficiency of silicon solar cells improved by: 
�  Applying thin films (porous and non-porous), which have low defect 

density and high level of cristallinity 
o Cost effective solar PV  

�  Thin layer of active material on a cheap substrate such as plastics.  
�  Organic Grätzel cells – Nano-crystalline Dye Sensitised Solar Cells 

(DSC) - Research work is focused on the optimisation of cells with a 
standard photoelectrode design, i.e. a single sensitising organic dye 

    adsorbed on or embedded in an electrode of nano-crystalline titanium  
    dioxide. The challenge is to increase the efficiency of the cell. 

o Higher absorption rates for light in solar cells 
�  Tuned the spectral absorption of light by the dimension of the absorbing 

nanoparticles 
�  Replace liquid electrolyte with a conducting polymer or inorganic 

material such as FeS, CuS and CuInS (solid electrolyte) 
o Flexible solar cells 

�  Light absorption nanomaterials (fullerenes) combined with plastic 
electronic to develop semiconductor polymer photovoltaics 

(4) Types of solar cells (EC): 
o Crystalline and amorphous/thin film solar cells (silicon based solar cells) 
o Dye solar cells (electrochemical thin layer solar cells) 
o Organic solar cells (photo active layers based on organic materials) 

(5) Possible application fields: 
o Dye solar cells: 

�  Powerless applications as mobile phones or laptop computer 

(6) Companies and institutes  
�  Institutes 

o Fraunhofer ISE, Germany 
o EPFL, Switzerland - Prof. Michael Grätzel 
o Technical University of Delft, Netherland -  Prof. Joop Schoonman 
o Uppsala University, Sweden – Prof. Anders Hagfeldt 
o Polytechnic University of Madrid, Spain – Prof. Javier Uceda 
o Linz Institute for Organic Solar Cells, Austria – Dr. Niyazi Serdar Sariftci 

�  SMEs 
o Company Greatcell, Switzerland (www.greatcell.com) 
o Company Mansolar, Netherland (www.mansolar.nl) 
o Isofoton, Malaga Spain (www.isofoton.com) 
o Free Energy Europe (www.free-energy.net) 
o Solarion GmbH, Germany (www.solarion-gmbh.de) 
o Würth Solar GmbH, Germany (www.wuerth-solar.de) 
o Sunways AG, Germany (www.sunways.de) 
o ErSol, (www.ersol.de) 
o Photowatt (www.photowatt.com) 
o Eurosolare, Italy (www.eurosolare.it) 
o Deutsche Solar, Germany (www.solarworld.de) 

�  Big companies 
o BP Solar, Germany (http://www.bsolar.com/) 
o Kaneka (http://www.kaneka.com/) 
o Kyocera (http://www.kyocerasolar.de/) 
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o Sanyo (http://www.sanyo.com/home.cfm) 
o Sharp (http://www.sharp-usa.com/SharpHome/) 
o Shell Solar (www.shellsolar.com) 
o Uni-Solar (http://www.unisolar.com/) 
o WorldWide PV Solar Cell Companies (http://energy.sourceguide.com/) 

 

II.1.2. Hydrogen conversion 

(1) Nanomaterials presently industrially used 
o No nanomaterials are presently industrially used in the application field of fuel 

cells3, but are still in a development and test phase. 

(2) Barriers to overcome 
o High manufacturing costs due to expensive materials used for the fabrication of 

electrodes (bipolar plates), electrolytes, membranes and catalysts (especially 
because of the platinum price) 

(3) Possible solution through nanomaterials and risks linked: 
o In order to reduce the amount of precious metal, nanostructured catalyst with 

carbon (nanotubes, nanohorns and nanowires) bonded to precious metal 
particles (1-5nm). This structure is necessary in order to increase the surface 
to volume ratio of the noble metals thus reducing the costs of the material. E.g. 
platinum nano-material (1 mg/cm2), bonded on carbon black. The price for 25g 
is about 690 €) 

o Nanoscale hydrophilic (high affinity to water) inorganic materials like silica in 
the electrolyte (salts, which work in the right temperature range) to improve 
hydrogen ion conductivity of the membrane at elevated temperatures. The 
functioning of the cell is related to the hydrogen ion conductivity of the 
membrane, which decreases strongly if water content is not sufficient. 

o Perowskites, here most important are the different properties like for example 
the oxygen conductivity as a reactor at the hydrogen conversion (hydrocarbon, 
hydrogen) 

o Fullerenes 
�  Nowadays in big amounts not producible, but for the future quite 

interesting 
�  Fullerene materials are employed as electrodes to deliver methanol-

based fuel cells with fast response times at ambient temperatures 
o Capillar fuel cells in contrast to the flat cell membranes 

�  Saving of the bipolar plates of the electrodes. 
�  Flat cell membranes are much more expensive than capillar fuel cells 

because of the stacks and the capillary geometry. Therefore, with 
respect to the compact construction, a higher power density (3 to 6 
times) with the capillary fuel cell is achievable. 

�  Miniaturisation of the capillar fuel cell is an additional advantage for 
portable applications  

�  Production technique of the capillary fuel cells is completely 
automated 

                                                
3 Expert interview, Mr. Stroh, Fraunhofer IGB Stuttgart 
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(4) Types of fuel cells (EC classification) 
�  Low working temperature 

o Alcaline fuel cell (AFC, >90°C) 
o Polymer Electrolyte Fuel Cells or Polymer electrolyte Membrane Fuel Cells 

(PEFC or PEM, 30 - 220°C) 
o Direct Methanol Fuel Cells (DMFC, 80°C) 
o Phosphoric Acid Fuel Cells (PAFC, 160-220°C) 

�  High temperature fuel cells 
o Molten Carbonate Fuel Cells (MCFC, 620-650°C) 
o Solid Oxide Fuel Cells (SOFC, 750-1000°C) 

 
The most promising fuel cell is the PEM. 

(5) Applications 
 

�  Portable applications are very promising : 
o Power sources for notebooks and camcorders 
o Computer, cell phone, camcorder, cordless tools in general 
o Electric cars, golf caddies and other vehicles 

�  Stationary applications 
o Home energy systems 
o Combined heat and power installations 

�  The use of nanomaterials in fuel cells for transport applications (motor cycles, car, 
buses and air planes) is foreseen at long term. 

(6) Companies and institutes 
�  SMEs 

o Altair (http://www.altairinc.com/) 
o QineriQ (www.nano.qinetiq.com) 

 
�  Companies 

o P 21 
o Smart fuel cell 
o Master flex 
o Heliocentris, H-Tec 
o Brennstoffzellen Manufacture 
o Vailant, Viessmann, Buderus 
o Sulzer Hexis (CH) 
o Voller Energy (Great Britain) 

 

II.1.3. Thermoelectricity 
Thermoelectric devices consist of two materials with different thermal conductivity. 
When exposed to a thermal gradient, an electrical current flows. Conversely, passing 
a current through the junction can result in cooling. Thermoelectric devices can 
achieve precise temperature control and also convert heat into electricity. 
Thermoelectricity illustrates a variant of photovoltaic which can directly convert 
thermoelectric radiation of a certain wave length with the aid of solar cells into 
electricity. 
The important component is the selective emitter, which emits the thermal radiation 
adapted on the spectral sensitivity of the solar cell and can achieve the desired 
selectivity, e.g. through nano-structuring of metallic surfaces. 
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(1) Barriers to overcome: 
o Efficiency /lifetime stability of surfaces at high temperatures loadings 
o Low ZT (T as operating temperature and Z is proportional to the Seebeck 

coefficient, the electrical conductivity and reciprocal to the thermal conductivity) 

(2) Possible solution through nanomaterials and risks linked: 
o Tiny “super lattice” structures from BiTe and SbTe arrangements appear to be 

more than twice as efficient as previous thermoelectric materials. The nano 
films consists of several alternating layers, each less than five nanometers 
thick (ZT of 2.4). 

o Nanowires and nanodots: 
�  20-nanometer-wide wires made of a combination of silicon and 

germanium for use in nano heating and cooling 
�  7-nanometer-wide Bismuth wires (ZT of 6), which show a large 

increase in thermo power with decreasing nanocomposites ingredients 
�  arrays of tiny nano particles, which contain thousand of so-called 

quantum dots – each only a few nanometer in diameter – and are 
capable of acting as microcoolers or powergenerators 

 

II.1.4. Solar thermal energy 
Solar energy can be used to produce hot water, and heat homes and offices. Although 
nanotechnology is not a key technology for solar thermal energy, a Dutch research project 
running until 2005 is currently developing new aerogels as transparent and isolating material 
for applications in the cover material of solar collectors. The new aerogels include pores with 
the diameter of nanometers (Company Zonne Energie, Netherland) [Nanoforum].  
 
Novel glasses that can change their properties in response to heat and light for a better 
insulation are also in development (Company Thermomax, Ireland - Association SOLAR-NA-
KLAR www.solar-na-klar.de) 
 

II.1.5. Bioenergetics 
The use of biological mechanisms of energy production and storage for technical 
applications is still a vision, which is quite far away from realisation. Fundamental 
research concentrates on understanding the biochemical processes of 
photosynthesis and there are only small steps towards a realisation in technical 
systems [Nanoforum]. 
The Grätzel cell is an example for a technical system, which uses at least 
biomimetic principles to generate electric energy. This example is already described in 
chapter II.1.1. 
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II.2. Energy storage 
In the domain of energy storage the following applications and products can be identified 
(Figure 3). 
 

 
 

Figure 3: Applications and products in the domain o f energy storage 

II.2.1. Rechargeable batteries 

(1) Nanomaterials presently commercially used: 
Nanomaterials are not yet commercially used. Nanostructured materials are on the 
focus of research for Li-ion batteries and metal hydrides batteries in order to improve 
power density, lifetime and charge/discharge rates. E.g. nanotubes are used to 
replace normal graphite. [VTT2004] 
Another example is a nano-ceramic separator named Separion developed by the 
German company Creavis [Wolfahrt-Mehrens]. 

(2) Barriers to overcome: 
o Improve energy and power density (for example C-Anodes in Li batteries) 
o Lifetime: High Charge/Discharge rates 
o Safety  
o Costs 
o Toxicity (Nanomaterials can have an aggravated impact in lungs and other 

organs) 
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o Flammability (for example metal hydrides nanoparticles) - As smaller the 
material, as bigger the danger of flammability. 

(3) Possible solution through nanomaterials and risks linked: 
o Nanocrystalline composite materials and nanotubes are used to replace the 

normal Graphite of Lithium-Graphite-Electrodes. The nanostructure presents a 
high surface area which can lead to improved energy and power density as 
well as higher charge/discharge rates. 

o Nano-sized lithium titanates [Wolfahrt-Mehrens] have the following advantages: 
�  lithium ion charging and discharging rates 10 to 100 times higher than 

conventional ones 
�  improved power density and safety 
�  lithium titanate �  graphite, intrinsic saver as graphite 
�  lithium titanates have an excellent lifetime and are not toxic. They can 

be used as batteries in medical applications 
o Nano-structured anodes and cathodes with nanomaterials are more robust and 

are 100 times powerful than traditional one. They sustain an average of 500 
charges and discharges before wearing out. 

o Nano-scale Sn-Cu and Sn-Li2O composite are investigated to increase the life 
cycle of actice/inactive composites 

o Problem of lifetime can be overcome with nanomaterials in metal alloys 
o Crystalline silicon and nanomaterials can help to remove the problem of 

lifetime 
o Nano-ceramic separators and polymer electrolytes can contribute to increase 

the safety 
 

(4) Companies and institutes 
 

�  SMEs 
o AKKU Solar Technik, Germany (http://www.akkusolartechnik.com) 
o Emmerich Batterie AG, Germany (http://www.emmerich-batterie.de) 
o Fey-Elektronik GmbH, Germany (http://www.feyelektronik.de) 
o Jauch Quartz GmbH, Germany 
o Pohl Electronic GmbH, Germany (www.pohl-electronic.de) 
o VRI GmbH, Germany (http://www.vri-gmbh.de) 
o Omnitron Griese GmbH, Germany,  
o AccuCell, Germany, 
o BMZ Batterien Montage Zentrum GmbH, Germany 
o GP Battery Marketing GmbH, Germany 
o ITP Logistics GmbH, Germany 
o Olympia Batterien GmbH, Germany 
o Saft Batterien GmbH, Germany 
o Gaia, Nordhausen, Germany  
o Ionity, Kamens, Germany  
o Fortobat, Pfinstal, Germany 

 
�  Companies 

o Altair Nanotechnologies Inc. (http://www.altairnanotechnologies.com/) 
o Cabot Corporation (www.cabot-corp.com) 
o NanoLab (http://www.nano-lab.com/home.html) 
o VARTA Microbattery GmbH, Germany (www.varta-microbattery.com) 
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o Sanyo Energy (Europe) Corporate GmbH, Germany 
o Panasonic Industrial Europe GmbH, Germany, (http://www.panasonic-

industrial.com/batteries) 
o EMB GmbH Elektro-Montage-Bau, Germany, (www.emb-akku.com) 
o Creaves/Degussa, Germany (Batteries) 

II.2.2. Hydrogen storage 

(1) Barriers to overcome: 
All of the presently available storage systems (DoE2003b) have some important 
drawbacks. No systems reach the goals of the DOE for a suitable storage system of 
at least 6.5 wt-% and 62 kg H2/m3. 
A good storage material should have a very high surface area, where the hydrogen 
atoms or molecule can be absorbed. So the focus of research is on materials with a 
large amount of pores of nanometer dimension. The binding of hydrogen should be 
strong enough to get a higher density of storage compared with normal gas storage 
without absorption material. On the other hand the binding must not be too high 
because then energy is needed for the hydrogen desorption [Nanoforum]. 

(2) Storage material for fuel cells:  
Nano-magnesium or nano-magnesium-alanate with nano-titanium as a catalyst are 
very promising candidates as storage material for automotive application. 

(3) Companies 
o Carbon Nanotechnologies Inc. (http://www.cnanotech.com/) 
o Hera Hydrogen Storage Systems (http://www.herahydrogen.com/) 

II.2.3. Supercapacitors 
Supercapacitors offer a unique combination of high power and high energy 
performance parameters. The energy density of supercapacitors is 100 times higher 
than in dielectric foil capacitors and the power density is 10 times higher than in 
normal batteries. 

(1) Barriers to overcome 

o The challenge is to produce a quality material that combines high 
surface area with a low resistivity 

o costs of the high performance electrodes due to miniaturisation 
o large requirements for long cycle life, around 100000 cycles 

(2) Possible solution through nanomaterials and risks linked: 
o C-nanotubes: mesopores allow an easy access of the solvated ions to the 

electrode/electrolyte interface for charging of the electrical double layer 
o Fullerene-like carbon nanoparticles 
o Nanoporous oxides like Iron oxide, Nickel oxide or Molybdenum oxide have the 

potential to give a large capacitance than carbon electrodes 

(3) Applications for the future 
o Capacitors in mobile phones, laptop computers and semiconductors 

(4) Companies and institutes 

o Bullith, Munich, Germany  
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II.3. Energy saving 
In the domain of energy storage the following applications and products can be identified 
(Figure 4). 
 

 
Figure 4: Applications and products in the domain o f energy saving 

 

II.3.1. Reduce weight - Lighter material for automo tive or airplanes applications 
and reduction of energy consumption 

o Composite material 
�  Metals: nanoparticles can make metals lighter, stronger and harder 
�  Ceramics: nanoparticles can induced better formability and ductility 

properties 

II.3.2. Insulation 

(1) Nanomaterials presently industrially used 
o Aerogels 
o Reflective surface via ultra thin layers 
o Smart glasses via ultra thin layers 

(2) Barriers to overcome 
o wasted energy in industry and home �  poor insulation �  heat loss 
o daily costs in industry and home 
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(3) Possible solution through nanomaterials and risks linked: 
o Aerogels have low conductivity, low solid density, high porosity high surface 

area and high dielectric constant making them one of the best available 
insulating materials, i.e. nanocomposite silica-aerogels (for example Airglass) 

o At first glance, Airglass looks like a normal window pane. The big difference is 
that it is much lighter. Airglass is composed mostly of silicon; it is a porous, 
transparent material with very good insulation properties. It is also fire-proof. 
Airglass is very brittle, but development of improved elasticity is in progress. In 
certain situations, Airglass has been reinforced with fibreglass; common glass 
is another suitable reinforcement.  

o Carbon aerogel: first type of electrically conducting aerogel, the large infrared 
optical absorption coefficient makes it a promising material for high 
temperature thermal insulation 

o Reflective surface via ultra thin layers 
o Smart glazing via ultra thin layers (4 different kinds): 

�   Thermochromic glasses 
�     Photochromic glasses (two different systems). 
          - small silver-chloride nano-crystallites, which build colloids by 
            lighting corresponding with a change in colour and are transparent 
            without lighting 
          - organic dye molecules in the nanometer range embedded in 
            polymer matrices 
            �  dye molecules change their configuration under light 
            �  matrices posses pores adapted to the size of the dye molecules  
                 to have an optimised influence for the stabilisation of the 
                 different configurations 
�  Electrochromic glasses:  
          - active material is generally a tungsten oxide layer, which can  
            reversibly darken when a voltage is applied via nanostructured film  
            electrodes (thin layers of Indium-Tin-Oxide (IDO)) 
            �  expensive  
            �  research interests are undertaken to substitute it with cheaper  
                 TCO (transparent conducting oxide, e.g. ZnO) 
            �   WO3 for photoelectrochromic windows 
          - Nanostructured Alkaline tungstenate electrodes cause the diffusion 
            path of the alkaline ions to become very short. The switching time 
            for the colour change can be tuned in the range of some ten 
            milliseconds  
�  Photoelectrochromic glasses: WO3 
�  Gasochromic glasses   
�  PDLC (Polymer-Dispersed Liquid Crystal) system 
      �  better insulation, gain in heat 
 

(4) Companies and institutes 
�  Institutes 

o Fraunhofer ISE Freiburg, Germany, Dr. Georg 
o Center of Energy Studies of “L’Ecole des Mines de Paris”, France 
o University of Würzburg, Germany – Prof. A.G. Fricke 
o Technical University of Delft, Netherland – Joost Beckers 
o Technical University of Denmark, Denmark 
o LBNL 
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o University of Lund          
�  Companies 

o INTERPANE GmbH, Germany 
o Metallbau Ralf Boetker GmbH 
o FLABEG GmbH & Co. KG 
o Gesimat GmbH 

�  Big Companies 
o ChromaFision (www.cesarcolor.com) 
o Polyvision (www.polytronix.com) 
o SageGlass (http://www.sage-ec.com/) 
o Thermosee (www.pleotint.com) 

II.3.3. More efficient lightning point source 

(1) Nanomaterials presently industrially used 
o Extra bright AlInGAP and InGaN LEDs for Outdoor Signs and Signals4 

�  Advantages: -high brightness 
                           -high reliability 
                           -high optical efficiency 
                           -available in full selection of colours 

(2) Barriers to overcome 
o Efficiency and colour of the light are more or less temperature dependent5 
o Degree of efficiency 
o High production costs (pieces/blanks) 
o Lifetime (for example of the high-brightness LEDs) 
o Colour, brightness and form of the light of the LEDs 
o Colour reproduction of the white light LEDs 

(3) Possible solution through nanomaterials and risks linked: 

o Carbon nanotubes and band-gap engineering using nanostructured materials 
optimise the emission spectrum of the LEDs 

o QCAs (quantum caged atoms, i.e. confining a single atom inside a nanocrystal) 
work by absorbing photons of ultraviolet (UV) light and re-emitting that same 
light at lower frequency, or colour. As the size of the nanocrystal cage 
approaches two nanometers, the conversion of light energy approaches 100 
%. 

o QCA nanophosphors are up to five-times more efficient at converting UV light 
to white light, i.e. QCA based solid-state lighting (SSL) could reduce 
worldwide energy costs, since less energy will be needed. 

o QCA based solid-state lighting (SSL) runs so cool and will work under the most 
demanding condition, lasting hundreds of times longer than conventional 
lighting 

(4) Companies 
o Kopin Corporation (http://www.kopin.com) 
o Cree (http://www.cree.com/products/led/index.htm) 
o Osram-Sylvania (http://www.sylvania.com/) 

                                                
4 www.agilent.com 
5 www.led-info.de 
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o Agilent Technologies, Germany (http://semiconductor.agilent.com/cgi-
bin/morpheus/home/home.jsp?pSection=LED) 

o Nichia, Japan (http://www.nichia.co.jp/product/led.html) 
o Nanocrystals Technology, Australia (http://www.nanocrystals.com/index1.htm) 

 

II.3.4. More efficient lightning for large areas  

(1) Barriers to overcome 

o Lifetime (lower lifetime of the OLEDs as compared to LEDs) 

(2) Advantages of OLEDs 
o OLEDs promise brighter and cheaper alternatives to LCDs or liquid crystal 

displays, made of about 100 nm thick organic layers 
o OLEDs emit their own light, while LCD require a light source 

(3) Possible solution through nanomaterials and risks linked: 
o Thin, nanostructured polymer films for OLEDs screens 

(4) Applications for the future 
o Provide thinner, lower-powered and more flexible screens for products like 

cameras, PDAs, cell phones, laptops and computer monitors 

(5) Companies and institutes 
�  Big Companies 

o Cambridge Display Technology (http://www.cdtltd.co.uk/) 
 

II.3.5. Combustion 

(1) Barriers to overcome 
o efficiency 
o emission 
o industrial waste 
o high processing temperatures 

(2) Possible solution through nanomaterials and risks linked: 
�  Fuel additives 

o nanoparticles based on metal oxides promote combustion reactions  
      �   decreased emissions by increasing combustion efficiency 

 
�  Catalysts  

o nanoporous catalyst  based on nano-sized perovskite oxides and limited 
amount of Pd (“CAT-NAT”, automotive application) 

o nanoporous catalyst  based on metal oxide ceramic coatings have an 
increased surface area to remove harmful gases 

o nanoporous catalyst can be used to supply separate oxygen from air under 
pressure across thin film membranes (themselves products of the 
nanotechnology). This pure enriched oxygen supply reduces noxious emission 
and reduces the need for heat recovery systems 
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II.3.6. Lighter and stronger materials 

(1) Barriers to overcome 

o Efficiency 
o Harmful emission/waste �  recycling 
o Costs of the manufacturing processes 
o Weight �  fuel consumption 

 

(2) Possible solution through nanomaterials and risks linked: 

o Nanocrystalline ceramics such as zirconia, silicon nitride and silicon carbide 
which all combine lightweight with excellent physical, mechanical and chemical 
properties 

o Manipulating magnesium on the nanolevel (innovate of nanocomposite 
coatings) and the resultant alloy is more useful than aluminium for car 
manufacturing  

           �  lighter relative to the equivalent load bearing potential 
           �  much easier to recycle making this material a must a transport 
                for both automotive and aeronautics needs 
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III.  Conclusions 
The main challenges for the application of nanomaterials in the energy sector are the 
improvement of the efficiency, the reliability, the safety and the lifetime as well as the 
reduction of costs . 
 
The most promising application fields for the energy conversion domain will be: 
photovoltaics (solar cells), hydrogen conversion (fuel cells) and thermoelectricity 
(themoelectronic devices). The solar cells  will be interesting for the local energy 
supply, if the costs can be significantly reduced and the electric energy can be 
efficiently saved. The most promising cost reduction at the solar cells will be expected 
by the dye solar cells and the organic polymer solar cells. An important breakthroughs 
can be reached with the nanotechnology, however these types of solar cells are still 
in the research and development phase.  
The distribution of the fuel cells  is limited nowadays due to the high prices. However, 
the improvements based on the nanotechnology, at membranes, catalysts and 
electrodes will lower the cost of the fuel cells as well as improve the efficiency. 
Thereby, a potential future market for the fuel cells could be the automotive industry, 
however, the fuel cells are nowadays in the research and development phase. Also, 
for thermoelectric devices  nanostructured materials show future application 
possibilities, which will improve the efficiency.  
 
For the energy storage domain the most promising application fields will be the 
rechargeable batteries and the supercapacitors. In rechargeable batteries  (for 
example in lithium batteries) nanocrystalline materials and C- nanotubes as electrode 
materials have been demonstrated to greatly improve both energy and power density, 
lifetime and charge/discharge rates. The miniaturisation of the electrodes plays here a 
quite important role. Like in the rechargeable batteries also for the supercapacitors 
advances through nano-porous electrode materials will be expected. Thereby, 
nanotechnology will open new potential markets for batteries and capacitors or the 
combination of both for mobil phones, laptop computers and semiconductors. 
 
For energy saving interesting will be the applications fields of insulation (aerogels, 
smart glazes) and more efficient lightning (LEDs, OLEDs). Advances in insulation  via 
nanotechnology will help to reduce the energy demand as well as the daily costs in 
homes and industry. Thereby, nanotechnology contributes to this area in form of 
aerogels or smart glazes in form of ultra thin layers. In the field of more efficient 
lighting, LEDs and OLEDs, based on the nanotechnology , will improve the quality of 
the resolution of displays, which will be strong future market for cameras, cell phones, 
laptops and computer monitors. 
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�  Report from Nanoforum.com: Nanotechnology helps solve the world’s energy 
problems – April 2004 

�  Report from VDI Technologiezentrum: Industrial application of nanomaterials – 
chances and risks, August 2004 

�  Report from Deutschen Bundestag, 15. Wahlperiode, Technikfolgenabschätzung, TA-
Projekt – Nanotechnologie, March 2004 

�  Report from Bine: schaltbare und regelbare Verglasungen 
�  Report from VTT Technology studies, NanoRoadMap project, October 2004 
�  Expert interview, Mrs. Wohlfahrt-Mehrens, ZSW Ulm 
�  Expert interview, Mr. Stroh, Fraunhofer IGB Stuttgart, Department fuel cells 
�  Expert interview, Mr. Springer, ZSW Stuttgart 
�  Expert interview, Mr. Gross, Fraunhofer ISE Freiburg, Department fuel cells 
�  Expert interview, Mr. Georg, Fraunhofer ISE Freiburg, Department glazing 
�  Expert interview, Mr. Kern, Fraunhofer ISE Freiburg, Department solar cells 
�  www.agilent.com 
�  www.led-info.de 
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