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Chapter 1
Introduction

 Introductory Words
“There is plenty of room at the bottom”
In 1960, the famous physicist Richard Feynman gave a famous lec-
ture titled There is Plenty of Room at the Bottom. He addressed the 
potential of miniaturization in developing computer and Information 
Technology systems. That lecture is considered to be the point of ori-
gin which predicted the evolution of a new science: Nanotechnology.

Nanotechnology (nano) is the science that deals with the properties 
of materials at the nano-scale. 1 nanometer (nm) is equal to 10−9 m. 
To better imagine how small this value is, consider that the relation-
ship between 1 nm and 1 m is—relatively—the same relationship 
between a soccer ball and Earth!

How do we create nanotechnology?
Bottom-Up and Top-Down, are the two approaches that are com-
monly used in the synthesis of nanomaterials. To make it simple, con-
sider that you are making a wooden doll. In the Bottom-Up approach, 
the doll would be fabricated from small pieces of wood assembled 
together through an optimized process. However, in the Top-Down 
approach, a large piece of wood would be crafted into the form of that 
wooden doll. Usually the Top-Down approach requires sophisticated 
techniques and equipment such as lithographic techniques and molec-
ular beam epitaxy. The good news is that some of the Bottom-Up 
techniques can proceed via simple chemical synthesis procedures 
such as the synthesis of silver nanoparticles or gold nanoparticles. 
However, in all cases, strong analytical tools like Atomic Force 
Microscopy and Electron Microscopy are essentially required.

Why is nanotechnology interesting?
Materials at this scale exhibit enhanced properties compared to 
the same materials in the bulk (micrometers to meters in size). 
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In addition, they sometimes behave adversely to their bulk counter-
parts. For example, consider gold nanoparticles which have become a 
benchmark for nanotechnology in the past few years and have become 
highly popular in many applications. At this scale they are highly 
reactive and can be used to trigger reactions. On the other hand, bulk 
gold particles are completely inert and rarely oxidize or change in 
response to their surroundings—that’s why they are widely used in 
jewelry. Through the use of nanotechnology, materials can be made 
more effective within the intended application. Adopting nanotech-
nology can result in more durable, lighter, more reactive, more porous 
or less porous, more conductive or less conductive materials accord-
ing to the aim of the implementation.

Another very important feature of nanotechnology that has led to its 
strong growth is that the developed product does not need to be nano-
related to utilize the benefits nanotechnology offers. In other words, 
adding a nano-feature or a nanomaterial in a new or existing product 
could enhance its properties drastically. This has been observed in dif-
ferent products and in different fields ranging from medicine, elec-
tronics, and automotive to textiles, food and cosmetics. Nanotechnology 
does not only have the potential to boost businesses, it also plays an 
important role in addressing and solving challenges that the global 
world is facing: shortages of raw materials or resources, clean energy 
problems, fuel depletion, bacterial resistance and cancer.

A bright opportunity
According to the 2014 Business Communication Company market 
research report, the global market for nanotechnology products was 
valued at 22.9 billion dollars in 2013 and increased to about 26 billion 
dollars in 2014. It is expected that the nanotechnology market will 
reach about 64.2 billion dollars by 2019, at a Compound Annual 
Growth Rate (CAGR) of 19.8 % from 2014 to 2019 [1]. Currently, 
nanotechnology research and development is widely spread. Numerous 
universities and institutes are engaged in active  nanotechnology 
research in various fields such as nanomedicine, nanoelectronics, engi-
neering and energy. Moreover, governments have realized the neces-
sity of nanotechnology research; in 2001, the Bush administration 
increased funding for nanoscale science by 16 %. Thus, nanotechnol-
ogy research is viewed as an opportunity with the potential of bridging 
gaps between industries and impacting our daily lives.

1 Introduction
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An eye opener
It is important to realize that nanotechnology innovations should not 
be regarded as standalone products; nano-based products are just 
translations for: a nano-based property utilized into a particular tool to 
serve a particular need. Consequently, the uniqueness of nanotechnol-
ogy innovations is that the same technology or nanostructure can be 
tailored to serve different applications in many industrial sectors. This 
leads us to say that innovators in nanotechnology are those who keep 
their eyes open on the advancements in nanotechnology in different 
sectors. For example, Saudi Aramco spotted an opportunity of devel-
oping nanobots (nano-robots) for oil reservoirs from the healthcare 
sector. In that sector, scientists were working on developing nanobots 
that could travel through the human circulatory system to deliver 
drugs or detect diseases. Saudi Aramco noticed that oil is stored inside 
rocks in tiny vessels that form a network mimicking that of the human 
circulatory system.

Disruptive Technology
Nanotechnology innovations can overturn markets because the new 
products are more efficient and/or cheaper than existing products that 
once lead the market. Therefore, industries which do not adapt to 
these revolutionary innovations are likely to fail and disappear.

How to convince customers to buy what they can’t see
Public perception of nanotechnology is positive, yet still not mature 
enough because of the of lack adequate knowledge about the potential 
benefits associated with this new technology. This can be attributed to 
that the public has not yet recovered from the hazardous failure of the 
technology of “Genetic Engineering”. Since the public still has an 
inherent fear of new technologies, companies should only use the 
word nano with caution when marketing their products. Companies 
should make sure their target markets understand the benefits associ-
ated with the technology and that the word “nano” affects purchasing 
decisions positively. In many other cases, the marketing strategy for 
nano-based products does not reveal that there is a nano-contribution 
to a particular product. One of the main marketing arguments for this 
is that the focus usually is not on the nanotechnology associated with 
that product.

Introductory Words
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 Types of Nanostructures
This section provides an overview of the types of nanostructures that 
will be covered in the book.

 Graphene
Graphene is a two-dimensional-planar single atomic layer crystal 
structure formed of hexagonally arranged sp2 bonded carbon atoms in 
this single layer. It is an allotrope of carbon and is a structural element 
of other allotropes like carbon nanotubes (cylindrically rolled up gra-
phene), graphite (stacked layers of graphene) and fullerene (graphene 
folded into a sphere). This is shown in Fig. 1.1. Seventy years ago, 
scientists would have argued that single layer two-dimensional crys-
tals could never exist. Due to thermodynamic instability and that these 
single layers would have very low melting points, the atoms would 
rearrange to form clusters or islands or decompose [2, 3]. Up until 
2004, two-dimensional materials were only thought to be parts of 

Fig. 1.1 Structures of graphene, graphite, fullerene and single walled carbon nano-
tube compared

1 Introduction
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three-dimensional structures and that they could not exist alone [4]. In 
2004, however, graphene was discovered along with other two- 
dimensional crystals like boron-nitride single layer. These single lay-
ers were formed in liquid suspensions as membranes and were found 
to exhibit high qualities. Such enhanced qualities include improved 
mechanical properties as well as, in the case of graphene, very high 
electrical conductivity [5–7].

This single layer crystal is formed of carbon atoms arranged in a 
hexagonal lattice. Each carbon atom is bonded to three carbon atoms 
separated by a distance of 1.42 Å. Each carbon atom is bonded with 
three σ bonds and one out of plane π electrons responsible for the very 
good electrical conductivity. This sp2 hybridization and close packing 
of the carbon atoms make the graphene stable. If holes are formed in 
the sheet of graphene it can easily selfheal if bombarded or exposed 
to pure carbon atoms or carbon atoms in a molecule [8]. Graphene 
sheets, however, tend to cluster and layer in solid form as they crystal-
lize from a melt, and show (002) layering in XRD. Unlayered solidi-
fied graphene was only found in presolar graphite onions cores [9]. As 
a result, graphene typically occurs as either monolayers attached to a 
substrate surface of metal or SiC in solid form or as suspended free 
standing graphene [10].

Graphene’s high electron mobility and very low resistance makes it 
an ideal candidate in electronic applications [11] in addition to being 
transparent, mechanically strong and flexible which makes it useful in 
the fabrication of transparent conducting films. Graphene has been 
used in applications such as e-paper: organic light-emitting diodes 
and touch screens [12]. Moreover, graphene has special optical prop-
erties and is capable of absorbing energy at the wide band microwave 
to ultraviolet signals. This makes it ideal for use in photo-modulators, 
laser transmission, terahertz wave detectors and photodetectors [13]. 
It has also been widely used in sensors, supercapacitors and in battery 
electrodes [14].

Graphene can be synthesized by mechanical, chemical and thermal 
exfoliation as well as other more complex techniques as vapor deposi-
tion techniques and arc discharge techniques using an electric current. 
One method, mechanical exfoliation, is accomplished with the aid of 
the Atomic Force Microscope (AFM) and the Scanning Tunneling 
Microscope (STM) that can be used to exfoliate single crystals of 

Types of Nanostructures



6

graphite and Highly Ordered Pyrolytic Graphite (HOPG). Chemical 
exfoliation on the other hand involves the aid of a chemical intercalat-
ing agent in a two-step process. A certain agent is squeezed between 
the graphite layers to reduce the forces between them and then, 
through sonication or heating, they are separated. In vapor deposition 
techniques, a hydrocarbon gas (such as methane) is broken down and 
deposited at a high temperature and pressure to form graphene sheets 
on a metal substrate (Ni, Pd, Cu, etc.). In the arc discharge method, an 
extremely high voltage is used to evaporate graphite at a high pressure 
of hydrogen gas to deposit thin layers of graphene. Different fabrica-
tion techniques and modifications of such techniques have been 
researched and carried out to form functionalized graphene, graphene 
composites with metals, ceramics and polymers to be used to serve 
different applications.

 Carbon Nanotubes
Carbon nanotubes are cylindrical allotropes of carbon which can be 
viewed as sheets of graphene rolled up into a cylinder. They can be 
single walled (made of a single cylinder), double walled (made of 
two concentric cylinders), triple or multi-walled. Each one of these 
will have different properties and thence different applications. In 
addition, the cylinder diameter and length will also affect the proper-
ties and function. The direction through which the cylinders are rolled 
or the chirality is also a necessary determinant in the properties of the 
carbon nanotubes. Moreover, nanotubes can be bent in a donut shape 
called nanotorus with superior thermal stability and magnetic proper-
ties to nanotubes [15]. Carbon nanotubes can also be attached to 
other carbon allotropes or doped with metals or other materials to 
modify their properties and then be customized for their suitable 
applications. Carbon nanotubes can be attached to fullerenes (sphere 
shaped allotrope of carbon) to form nanobuds. These nanobuds have 
combined properties of both nanotubes and fullerenes and serve to 
prevent the slipping or bending of the carbon nanotubes when dis-
persed in composites thence anchoring them better in the composite 
to produce better mechanical properties. Carbon nanotubes can also 
be attached to graphene sheets aligned along the sidewalls of the car-
bon nanotubes. They yielded excellent supercapacitor functions due 

1 Introduction
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to the large reactive surface area formed [16]. Furthermore, there are 
carbon nanotubes with fullerene inside them that have modified mag-
netic properties with heating [17]. Nitrogen doping of carbon nano-
tubes is carried out to enhance storage capacity in batteries [18, 19]. 
There are also functionalized carbon nanotubes that are used in sen-
sors. Whether carbon nanotubes are used alone or modified, they 
have proven to be highly effective in their applications due to their 
outstanding properties.

Carbon nanotube, until now, is the strongest, stiffest and hardest 
material discovered on Earth. It has a switchable hydrophilicity so 
when no voltage is applied it is highly hydrophobic and when a volt-
age is applied it becomes highly hydrophilic [20]. Carbon nanotubes 
have interesting electrical properties. They can be superconductors or 
semiconductors affected by the chirality of the nanotube [21]. Another 
interesting property seen in multi-walled carbon nanotubes are that 
the tubes slide inside each other with zero friction and can rotate rela-
tive to one another also with zero friction which has aided research in 
designing the first molecular motor.

The synthesis of carbon nanotubes is also done by similar processes 
as graphene but with different conditions as temperature, pressure, 
catalyst and starting materials. They are also synthesized by chemical 
vapor deposition and arc discharge. Carbon nanotubes are used for a 
variety of applications which can be affected by the synthesis mecha-
nisms. A limiting property of carbon nanotubes is that they tend to 
aggregate due to the high surface energy. Such aggregation compro-
mises their beneficial properties to some extent, however, they are 
still found superior in their applications despite that.

Currently, carbon nanotubes are used to strengthen composites in 
applications such as sports’ equipment like bike frames, boats and 
vessels. They are also used to develop high storage batteries, superca-
pacitors, transistors and electronic circuits. Additionally, they are used 
to make small, transparent circuits and in the near future will be used 
to make flexible screens and electronic paper. They are used in solar 
cells and hydrogen storage for fuel cells as well. Carbon nanotubes 
are used to make nanosponges that are capable of binding and remov-
ing contaminants from water and air and can be used for environment 
remediation [22].

Types of Nanostructures
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 Fullerene
Fullerene is an allotrope of carbon, comprised of carbon atoms arranged 
in a spherical shape. It can be formed of 20 or 60 carbon atoms. The 
carbon atoms can be arranged in pentagon or hexagon rings to form the 
spherical ball. Fullerenes are synthesized by vaporization of graphite 
or another carbon source usually by employing a by pyrolysis, arc dis-
charge-plasma, or radio-frequency-plasma techniques. There is increas-
ing research now in the use of chemical synthesis approaches to produce 
fullerenes but haven’t yet been commercially used [23]. Fullerenes 
have numerous applications that are being discovered more every day. 
It is a greatly reactive molecule when functionalized and can be used as 
a scavenger for reactive oxygen species and free radicals. This has 
made them useful as antioxidants for use in the health and cosmetics 
sectors. They have also been found to be useful in the slowing down of 
nerve damage associated with diseases like Alzheimer’s.

 Nanopolymers (Conductive)
Polymers are long chains of repeating units called monomers. When 
any one dimension of the polymer is in the nano range, it is called a 
nanopolymer. They can be one dimensional e.g. a nano thin homoge-
neous polymeric film, two dimensional e.g. nanotubes, nanoconduits, 
nanofibres, nanostructures arranged on a polymer surface, three dimen-
sional e.g. nanocapsules, nanospheres, dendrimers, self- assembled 
structures, hyper-branched polymers, porous materials or a combination 
of all three to form composites. Such nanopolymers can have a self-
assembly nature or none. Examples of commonly used polymers include 
polycaprolactone, poly lactide glycolide, polystyrene, polyvinylpyrrol-
idone, chitosan, dextran and proteins. Polymers can either exhibit elas-
tic, plastic or brittle mechanical properties. Conductive polymers are a 
new class of polymers that has recently been of increasing in interest. 
These are organic compounds that can conduct electricity; they can act 
as metal conductors or as semiconductors. Examples include polyani-
line, polypyrrole, polyacetylene and many others. Conductive polymers 
have a wide range of applications namely in electronic circuits, solar 
cells, capacitors, light emitting diodes, et cetera. Polymers, in general, 
are very versatile in applications, involved in nearly every industry 
including packaging, making composites for mechanical components, 
making artificial limbs and tissue engineering.

1 Introduction
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 Nanoparticles
Nanoparticles represent a major 
class of nanomaterials. They 
are zero-dimensional solid 
microscopic particles that are 
between 10 and 1000 nm in size 
[24]. Nanoparticles are of great 
interest to different fields like 
the electronic, energy, informa-
tion, environmental and medi-
cal fields. Metals, metal oxides 
and semiconductors are more 
involved in the energy, infor-
mation and electronic fields 
[25], while polymeric nanopar-
ticles are more involved in the food, cosmetic and medical fields. 
At the nanoscale, particles exhibit unexpected properties in addition 
to increased surface to volume ratio. Thus, one of the goals for design-
ing and using a nanoparticle in consumer products would be to make 
use of the new properties achieved at the nanoscale as in the case of 
silver and titanium oxide nanoparticles (Fig. 1.2).

Silver nanoparticles, for example, exhibit antimicrobial properties 
at the nanoscale, thus, they are being extensively used in cosmetics, 
drugs, coatings and packaging materials. Another major goal for the 
use of nanoparticles would be as a delivery system; making use of the 
increased surface to volume ratio of the nanoparticles and the increased 
ability for penetration, distribution and bioavailability. In designing a 
nanoparticle as a delivery system, the main factors to be controlled 
would be the size of the synthesized particles and their surface proper-
ties as well as the ability of the particles to release their load at the 
specific and required site in a controlled and sustained fashion [24]. 
The use of nanoparticles as a delivery system involves a number of 
advantages including the ability to easily manipulate particle size and 
surface characteristics to achieve specific and optimum delivery of 
the carried load and ability to control the release profile of the loaded 
material as well as the degradation rate of the nanoparticle. However, 
nanoparticles suffer from a number of limitations that need to be 
overcome to facilitate their commercial availability. Such limitations 

Fig. 1.2 Illustrative figure demonstrating 
nanoparticles of different diameter 
distribution

Types of Nanostructures
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include burst release of the carried load in addition to particle aggre-
gation that complicates their physical handling either in the liquid or 
the solid form.

Nanoparticles can be assembled via a variety of methods some of 
them very simple and others more complicated. Polymeric nanopar-
ticles can be fabricated via dispersion of preformed polymers which 
can be done via the solvent evaporation method, spontaneous emulsi-
fication/solvent diffusion, nano-precipitation, salting out, dialysis and 
supercritical fluid technology. Other methods for fabrication of poly-
meric nanoparticles include polymerization of monomers, ionic gela-
tion or coacervation, supercritical fluid technology as well as Particle 
Replication in Nonwetting Templates (PRINT) which have been 
observed to have complete control over the particle shape and size 
[24]. Fabrication of metallic nanoparticles on the other hand could be 
achieved via chemical reduction, sol-gel, hot-soap, reversed micelle, 
spray pyrolysis and other pyrolysis methods. Chemical reduction, 
which is a simple technique, has been extensively and successfully 
used for the fabrication of Noble metal nanoparticles [25].

Nanoparticles can be further classified, according to their composi-
tion, into nanocapsules, nanomicelles, nanoemulsions, nanospheres and 
nanocrystals. Such classes of nanomaterials will be briefly illustrated in 
the following sections.

 Nanomicelles
Nanomicelles are colloidal dispersions of self-assembling particles 
with dimensions ranging from 10 to 100 nm. Nanomicelles are char-
acterized by having a hydrophobic core and a hydrophilic shell [26]. 
Nanomicelles are specifically advantageous as a delivery system for 
hydrophobic materials via solubilizing the hydrophobic material and 
entrapping it within the micellar hydrophobic core. At the same time, 
hydrophilic chains extend outwards resulting in a readily soluble 
aqueous formulation that can be easily administered via different 
administration routes [27]. Nanomicelles are further characterized by 
their small size in addition to their low toxicity. However, further 
research is still needed to optimize the sustained release from the 
small size micelles as compared to other larger particulate systems as 
liposomes and nanoparticles [28].

1 Introduction
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 Nanocapsules
Nanocapsules are particles composed of a liquid core—mostly an oil 
core—that is surrounded by a dense polymeric matrix. This advanta-
geous oily core allows the delivery of hydrophobic materials efficiently. 
They can be fabricated via two techniques namely interfacial polymer-
ization and the emulsification diffusion techniques. Nanocapsules aid 
in preventing drug precipitation during preparation and the subsequent 
stability problems that result from the incorporation of the drug in the 
core compared to other nano-based delivery systems where the drug is 
loaded on the surface [29].

 Nanoemulsions
Nanoemulsions are colloidal dispersions of nano-scale droplets that 
are formed via shear-induced rupturing. They consist of a lipid phase 
that is dispersed in an aqueous continuous phase. In nanoemulsions, 
every oil droplet is surrounded by a thin interfacial layer of emulsify-
ing molecules [30]. Due to their small sizes, nanoemulsions show good 
stability against aggregation as well as gravitational separation. 
Nanoemulsion-based delivery systems also show the advantage of 
increasing the bioavailability of the encapsulated material. Different 
methods have been developed for the fabrication of the nanoemulsions 
and include solvent displacement, precipitation, emulsification diffusion 
and emulsification evaporation [31]. The nanoemulsion fabrication 
techniques can be categorized into high-energy methods and low 
energy methods. Although the high energy methods offer enhanced 
control on the size of the developed nanoemulsions, they are extremely 
strenuous to scale up, unlike the low energy techniques which are more 
feasible for scaling up [32].

�Nanospheres
Nanospheres are particles that are spherical in shape and exhibit sizes 
within the range of 10–200 nm. Within the process of formulating 
nanospheres, the material to be loaded is dissolved, encapsulated, 
attached or entrapped to the polymer matrix. Nanospheres show the 
advantage of protecting the material loaded from chemical and enzy-
matic degradation [33]. However, due to the hydrophobic surfaces of 
these particles they are prone to elimination via the reticuloendothelial 
system. Thus, in order to prolong the circulation of the nanospheres 

Types of Nanostructures
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within the human body and enhance their compatibility, their surface 
has to be modified to be more hydrophilic. This could be achieved via 
the adsorption of different surfactants on the surface of the nano-
spheres. Various methods are used for nanosphere fabrication and 
include phase inversion temperature, polymerization, solvent evapo-
ration and solvent displacement techniques [34].

 Quantum Dots (QD)
Quantum Dots (QD) are minute particles in the range of 2–10 nm. 
They are made of the nanocrystals of semiconductors such as cad-
mium selenide or lead sulfide. Moreover, they exhibit enhanced and 
unique electronic, magnetic and optical properties. Such uniqueness 
stems from the fact that these properties can be tuned by controlling 
their sizes and composition. At such nano sizes, quantization effects 
take place, i.e. electrons in QD are located in quantized energy levels 
which are separated by band gaps. By applying an external energy 
source, electrons get excited to higher energy levels, and different 
wavelengths (colors) are emitted depending on the quantum dots’ 
respective sizes. As they get smaller, the band gap gets bigger, so they 
emit colors of higher energies. Figure 1.3 illustrates this. That’s why 
QD plays an important role in the next generation lighting materials, 
diagnostics, and solar cells [35].

Fig. 1.3 The figure illustrates how QD emit higher energy colors as they get smaller

1 Introduction
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The benchmark and widely applicable mode of synthesis of quantum 
dots is using the one pot wet chemistry mode. In such a method, 
organometallic precursors are injected into a hot organic solvent con-
taining surfactants (to prevent the aggregation of QD nanocrystals) at 
120–360 °C under vigorous stirring. The high temperatures initiate the 
decomposition of the precursors, which then undergo nucleation fol-
lowed by crystal growth until the required sizes of the nanoparticles 
are reached. Hereafter, the process is arrested by cooling. The resulting 
QD can be decorated by different molecules to confer a certain prop-
erty, such as water solubility in biomedical applications. This mode 
produces high quality QD with uniform a size distribution. Their sizes 
can be accurately controlled by controlling the process time, tempera-
ture, and the precursors’ concentration [36, 37].

huge research on how to control their properties and applications 
with very interesting results. Now, QD are reshaping the market land-
scape by the frequent launching of new advanced products especially 
in the fields of bio-medics, solar cells and optoelectronics such as 
displays for TV sets and tablets. The market size for QD is expected 
to reach 4704.86 million dollars by 2020 [38]. The key drivers for 
such expected growth is that the technology is more efficient and can 
be up-scaled. In addition, large corporations in the display and energy 
markets are eager to provide more advanced and cost effective 
 products. Major players in the QD market globally are Nanoco Group 
Plc in the United Kingdom, Nanosys, Inc. and QD Vision, Inc. in the 
United States [38].

 Nanocomposite
Composites are solid state mixtures of two or more components. They 
are called nanocomposites because one or more of the components are 
nanosized. Composites show unusual property combinations. When 
one or more components are on the nanoscale, these properties are 
tremendously enhanced, allowing even new properties to show up. The 
properties of nanocomposites are determined by the interfacial interac-
tions between its components at the boundaries. Components on the 
nanoscale have larger surface areas, so they offer newer and larger 
surfaces for interactions. Consequently, these components allow for 
enhanced properties without too high of a usage.

Types of Nanostructures
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Nanocomposites, structurally, are made of a matrix and a filler, 
with the latter dispersed in the former. The matrix could be metal, 
ceramic or polymer based. Fillers could be nanoparticles, nanotubes, 
or nanofibers. This is depicted in Fig. 1.4.

Nanocomposites’ market is one of the fastest growing markets, 
with a continuously rising demand. The market size of  nanocomposites 
is expected to reach 5.91 billion dollars by 2018 [39]. Because they 
serve nearly all types of markets, they are currently used in food 
packages (as barriers against moisture and gas), in automotive parts 
(as enhanced mechanical properties), in many households (for lighter 
and more durable materials), in sports equipment (for extra strength) 
and in construction materials (for enhanced mechanical properties).

The processing of nanocomposites begins by preparing the nano-
fillers. Preparation of nanofillers depends on the type of the nanoma-
terial. For example, Carbon Nanotubes (CNTs) are commonly 
prepared by Chemical Vapor Deposition or Physical Vapor Deposition 
methods. Generally, nanofillers are prepared from the gas phase or the 
liquid phase by chemical methods. In the gas phase synthesis method, 
the precursor is either decomposed or vaporized thermally to yield 
atoms that nucleate and grow in the gas phase to the desired nano size. 
In the liquid phase synthesis method, the starting materials react 

Fig. 1.4 The figure shows polymer (matrix) silicate (nanofiller) nanocomposites in 
which: (1) Intercalated: whenever the silicates are separated but have a structural 
arrangement with respect to each other; (2) Exfoliated: whenever the silicates are 
randomly and totally separated from each other within the matrix. Reproduced with 
permission [40]
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chemically in the liquid phase to produce the desired material whose 
size can be controlled by using surfactants.

After the preparation of the nanofillers, nanocomposites are com-
monly created by mixing the nanofillers and the matrix under high 
pressures or temperatures. Usually, nanocomposites can be created 
also by wet chemical modes such as the Sol-Gel technique in which 
precursors interact chemically in the Sol phase and polymerize, yield-
ing an interpenetrated gel network.

 Nanowires and Nanowhiskers
A human hair is around 50–120 μm wide. Imagine that you subdivided 
it 50,000 times. You would get one-dimensional nanostructures called 
nanowires (previously known as nanowhiskers). Whenever we deal with 
nanosizes, quantum confinement takes place. That’s why nanowires are 
sometimes referred to as quantum wires.

 

Nanowires have remarkable electronic and optical properties that 
have revolutionized many fields especially that of Electronics and 
Communication. Nanowires and nanowhiskers are characterized by 
very high aspect ratios, meaning that they have very thin diameters 
(nanometers) but their lengths can extend up to micrometers. The 
material type from which they are constructed determines their 
intended application starting from stain resistant nanowhiskers in fab-
rics to the highly advanced and complicated configurations of nanow-
ires in tiny transistors used in superfast computers [35]. They could be 
made of organics, metals like silver, or semiconductors.

Types of Nanostructures
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Nanowires are the key role players in many technologies ranging 
from simple household appliances to complex smart devices in chips 
and computers. They have a huge surface-to-volume ratio offering 
large surfaces for the fast transfer and exchange of charges. Because 
of that, nanowires have been deeply researched and have shown 
promising results in displays, batteries, solar cells, and cell phones. 
Each industrial segment offers potential for the growth of a market 
through a certain type of nanowire. For example, silver nanowires are 
being extensively employed in Transparent Conductor (TC) materials 
used mainly in touch screens. The market size for silver nanowires in 
TC is around 41 million dollars in 2015 and is expected to reach 158 
million dollars by 2018 [41]. The next generation of futuristic elec-
tronics is targeted towards the development of flexible smart devices 
and wearable electronics. Nanowires are the main contributors to the 
development of such futuristic devices.

Nanowires can be synthesized using the Top-Down approach in 
which a big wire is chemically etched or bombarded by highly ener-
getic particles under vacuum to get a nanowire. Additionally, they can 
be synthesized by a Bottom-Up approach commonly known as vapor- 
liquid- solid method in which the particles in a precursor vapor are 
grown on a catalyst until supersaturation creating nucleation sites for 
the growth and deposition of one-dimensional nanostructures [42].
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Chapter 2
Construction and Building Applications

The construction industry is a particularly attractive industry for nan-
otechnology applications. Since it employs a diversity of building 
materials, nanomaterials can be employed to enhance the materials’ 
performances, durability, longevity and sustainability. The construc-
tion and building practice is detrimental to the environment in various 
aspects such as electricity consumption, landfill accumulation, 
unhealthy aesthetics and neighborhoods. This chapter shows how 
nanotechnology-based building materials are playing an important 
role in green architectural design and construction, which has become 
a growing trend in many countries. Nanomaterials could be integrated 
with cement, concrete, or windows to conserve energy, minimize 
electricity bills and sanitize the surrounding atmosphere. Nevertheless, 
the industry is still facing many hurdles towards the wide application 
of nanomaterials in a cost effective manner.

 Introduction
Construction and building are major contributors to the rising carbon 
emissions and the global climate change. In addition, the construction 
industry is a rapidly growing industry. The nature of the construction 
industry involves the application and use of a diversity of building 
materials. This leads to nanotechnology being rapidly adopted by the 
construction market in several aspects like coatings, insulation materi-
als, and building materials (steel, cement, asphalt, glass, polymers, 
etc.). Nanomaterials are currently employed in cements, steel, and even 
windows to render buildings greener, more cost effective and safer.

Green construction has become the dominant trend in the construc-
tion industry, which means that buildings should meet certain specifi-
cations in the materials used, the processes employed, and in the 
behavior of the residents. These specifications aim at reducing CO2 
emissions and reducing the negative impact of the construction indus-
try on the environment. Green architectural design and construction 
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has shifted dramatically since the evolution of nanotechnology. Many 
people are now seeking healthy lifestyles and environmentally 
friendly neighborhoods. Green building is currently experiencing a 
growing demand by governments, architects, and people, especially 
after many cities have adopted strict regulations regarding green con-
struction. Globally buildings consume around one third of the world-
wide electricity [1], with cement alone contributing to the global CO2 
emissions by around 5 % [2].

One way nanotechnology is used in construction is the concept of 
nanoreinforcements which involves reinforcing the body by adding 
dispersions that are in the nano-size scale. For example, nanorein-
forcements in steel have rendered steel stronger and lighter. 
Nanoreinforcements in cement have rendered it more durable and 
cost effective. Another application of nanotechnology in the market 
involves making Ultra Violet (UV) absorbing, self-cleaning, and 
depolluting coatings for windows. Moreover, nanotechnology has 
been rapidly adopted in air and water purification systems. The next 
generation of nanotechnology applications in construction has begun 
to involve Building Integrated Photovoltaics (BIPV), which are solar 
cells that can be integrated within buildings in smart designs without 
affecting the buildings’ aesthetics, as well as being a clean source of 
energy and electricity. Even electronics and sensors are being devel-
oped to be integrated with buildings. Smart curtains or windows are 
expected to change the way people are experiencing the way they live 
(imagine walls that change colors with just a click!) [1].

It is important to note that there are still a lot of barriers to the 
adoption of nanotechnology in building, however, there are certain 
drivers and enablers that if emphasized and executed will overcome 
such barriers. Nano-enhanced materials are more expensive than 
conventional materials. They yield high performances using small 
amounts of the materials. Thus, it is expected that with the continu-
ous R&D (Research and Development) efforts to improve nanoma-
terials’ performances at lower costs, the construction market will 
continue to increasingly adopt the nanomaterials. Proper education 
of the construction industry about the potential benefits associated 
with nanotechnology is the starting point towards the rapid adop-
tion of nanotechnology in building materials. Although nano-based 
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construction materials are not economically competitive compared 
to conventional materials, continuous efforts are undertaken to ren-
der them cost effective. In addition, strict regulations have proved 
to be an important surge to the adoption of nanotech in green con-
struction. One significant example is the US LEED (Leadership in 
Energy and Environmental Development) which has developed 
strict minimum standards to simultaneously force and encourage 
builders to conserve energy and reduce carbon emissions.

Cases
 HONG KONG SUBWAY

Hong Kong fights germs in subways.

 

A Japanese antimicrobial nanocoating that had long lasting efficiency 
offered maximum protection and elevated hygiene levels in Hong 
Kong subway stations.

Cases
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Innovation

• Owing to their nanosize, antimicrobial nanoparticles offered the potential to
maximize public protection against germs in the highly populated Hong
Kong subway stations.

Nanotechnology

• Nano Silver–Titanium Dioxide Coating (NSTDC): A coating containing tiny 
particles of silver and titanium that are very active in killing microbes.

Results

• The nano-formula has been successfully applied by MTR (Mass Transit
Railway) in Hong Kong subways, and has been continuously monitored to
expand its application in other facilities inside and outside Hong Kong.

 

Drivers

SARS outbreak. In the spring of 2003, a large outbreak of 
Severe Acute Respiratory Syndrome (SARS) occurred in 
Hong Kong and other Asian countries. The contagion rapidly 
spread throughout the world. Its rapid transmission and high 
mortality rate made SARS a global threat for which no effi-
cient therapy was available and proactive empirical strategies 
had to be developed to treat the patients and protect healthy 
individuals.

High risk zones. Around 2.5 Million commuters use Hong 
Kong railway and subway stations daily, and they are highly 
susceptible to dangerous microbes adhering on floors, hand-
rails and buttons.

More cost and lower sustainability. Regular disinfection of 
railway stations uses harsh cleansers, which are expensive and 
some of which are not environmentally friendly.

2 Construction and Building Applications
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Barriers

Public misconception. The US National Institute for 
Occupational Safety and Health (NIOSH) has classified TiO2 
as a “Potential Occupational Carcinogen”, which produces 
a public misconception regarding its safety—workers need 
to wear protective clothes while spraying NSTDC, but once 
dried it is completely safe.

Silver resistance. There are recent investigations that are ad-
dressing issues related to microbes that can develop resistance 
against silver nanoparticles, which can compromise its long 
term effectiveness.

No international standardized testing. Lack of standard-
ized tests to assess the long term potential environmental 
impact of nanoparticles (because there are different formu-
lations of different compositions using different synthetic 
techniques).

Enablers

Efficiency on a broad spectrum. NSTDC is certified to be 
effective in killing a wide range of bacteria, viruses, and mold 
including the H1N1 influenza virus.

Huge investment. MTR Corporation attempted to invest 1.5 
million dollars in nanotechnology products to enhance the 
hygiene levels of Hong Kong stations, especially that nano-
particles maximize effectiveness.

Regulated materials. NSTDC’s main component, titanium 
dioxide (TiO2), has been approved for use in foods by the FDA 
and under the Public Health and Municipal Services Ordinance 
in Hong Kong.

Introduction
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Impact

Promising results. Preliminary tests on Hong Kong subway cars 
coated by NSTDC showed 60 % reduced bacterial infections.

Durability. The NSTDC nano formula is stable and does not 
require frequent replacement; therefore it is sprayed every 3 
years and is checked regularly every 8 months.

Wider adoption. NSTDC, promising antimicrobial efficiency, 
makes it suitable to be applied in MTR-managed shopping 
malls, staff offices and recreational facilities to ensure the high-
est cleanliness standards for passengers, customers and staff.

What’s Next?

MTR plans to monitor the coatings in Hong Kong in attempts 
to apply them in its two new UK rail franchises—London Rail 
and West Midlands.

 HYCRETE
Palais Royale: India’s first green super-tall residential building.
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Hydrophobic concrete plays an important role in the rapidly growing 
building industry in India.

Innovation

• Concrete is porous and by time, it absorbs water causing it to corrode and
crack. Hycrete admixtures (chemical mixtures added to concrete) are
hydrophobic nanostructured mixtures that create a waterproofing seal on the
concrete’s internal capillaries preventing water penetration. Similarly, they
protect steel reinforcement bars by creating protective coatings around them.

Nanotechnology

• Nanostructured cement in liquid admixtures: When the concrete hardens, the 
admixture turns from liquid to a solid bonded to concrete.

Results

• “Palais Royale” is the first skyscraper to achieve the platinum LEED certificate
from the Indian Green Building Council.

 

Drivers

Rapidly emerging market. The construction boom and the 
damp environment in India make it an ideal customer for 
 Hycrete. It is worth mentioning that in 2008 alone, around 30 
projects made use of Hycrete.

Cost of corrosion. The US spends 276 billion dollars annu-
ally on corrosion related problems and the Federal Republic 
of Germany spends 4 % of its gross national product on  
corrosion [1].

LEED motif. Builders and architects all over the world seek to 
earn LEED credentials. India has become an advanced entrant 
in the LEED race.

Environmental impact. External protective coatings on concrete 
are usually petroleum based and thus compromise the ability 
to recycle concrete. In addition, they release VOCs (Volatile 
Organic Compounds) into the surrounding environment.

Introduction
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Barriers

Still needs to be greener. Hycrete technology does not play too 
impactful of a role in reducing carbon emissions associated 
with making concrete.

Very slow adoption rate. The construction market is somewhat 
conservative and diffuse, especially in India: high quality con-
struction is not yet fully appreciated on a large scale.

Risky investment. The construction market in developed coun-
tries is well established. Consequently, developing countries 
are the main target. However, the concepts of green nanotech-
nology innovations are not easily implemented or understood 
in most developing countries.

Uncertain feature. Some studies on Hycrete suggested that its 
compressive strength is reduced by 10–20 % yet is still suit-
able for most construction applications [3].

Enablers

India is getting rich. The construction boom in India was 
mainly triggered by the rapid growth in the middle-income 
class as well as the increasing wealth of the country.

High level testing. Hycrete went through over 10 years 
of independent and sponsored tests, mostly funded by US 
Federal Highway administration. All of these tests showed 
promising results. According to the British Standard 
Absorption Test BSI 1881-122, Hycrete had less than 1 % 
water absorption [4].

Gold certificate. Hycrete is the first material certified by 
Cradle- to-Cradle gold certification because it is easy to recy-
cle and it adds LEED points to projects.
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Cost and time saving. The admixture is built within the concrete 
that is batched at the plant not at the job site. Thus it saves 
costs of extra containers and materials compared to the case of 
applying external coatings at the job site.

Impact

Business boom. The Palais Royale project greatly boosted the 
Hycrete business. The project required 100,000 gal of Hycrete 
and the company gained more than one million dollars.

Cost efficiency. The installation process of Hycrete in the 
“Palais Royale” project was fast and cost effective because the 
amount of Hycrete needed per square feet was 40 % less than 
the amount needed for the external waterproofing membrane 
solutions.

Operational impact. Implementation of nanostructured ad-
mixtures in Hycrete decreases the amount dosed in concrete 
(1 gal per cubic yard of concrete) reducing the time, cost, and 
waste of operations [4].

Internal impact. The application of Hycrete is expected to en-
hance the longevity and durability of the skyscraper’s infra-
structure.

What’s Next?

The underdeveloped construction market in India along with 
Hycrete’s success in Indian projects is driving private equity 
firms to joint venture with Hycrete, Inc. Hycrete’s achieve-
ment in India is setting it as a role model for the emerging 
construction markets in the Middle East.

 BIONI, INC.
Bioni paints Dubai Discovery Gardens.

Introduction
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A 40,000 square meter residential community in Dubai “Discovery 
Gardens” decided to use the antimicrobial Bioni paints.

Innovation

Bioni using nanotechnology, managed to stabilize and integrate silver
nanoparticles in paints. It used the smallest possible microbicidal amount to
prevent yellowish discoloration of paint.

Nanotechnology

Silver nanoparticles bound to paint: tiny particles of silver that are very active 
in killing microbes.

Results

The residential community is built with an antimicrobial durable nanocoating
that is resistant to cleansing chemicals and is nonflammable [1].

•

•

•

 

Drivers

Greener long lasting alternative. Traditional antimicrobial coat-
ings containing biocides have short life spans and slowly diffuse 
into the environment posing human and environmental risks.
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Metropolitan growth. In Dubai, there is a continuously grow-
ing construction activity with buildings of truly immense pro-
portions, which makes it a valuable customer for Bioni anti-
microbial paints.

Desert kingdom. Although Dubai employs high quality con-
struction work, the hot climate and high humidity create an 
ideal medium for the growth and propagation of mold and mi-
crobes inside buildings.

SBS. The SBS (Sick Building Syndrome) is strongly related to 
contaminants and pollutants released from indoor sources [1].

Barriers

Aesthetics and efficiency. The difficulty of maintaining a high 
enough concentration of nanosilver to efficiently exert an an-
timicrobial effect yet low enough to prevent yellowish discol-
oration.

High cost. Although Bioni antimicrobial paints in hospitals are 
25 % more cost effective because they decreased the frequent 
use of biocides, they are more expensive in residential buildings.

Superbugs. Even though tests have shown that Bioni antimi-
crobial paints killed more than 99 % of Staphylococcus aureus 
on the paint surface, still there were no appropriate field tests 
carried out to test activity against superbugs (microbes resist-
ant to multiple antibiotics).

Enablers

Successful research collaboration. Researchers at the 
Fraunhofer Institute for Manufacturing Engineering and 
Applied Materials Research in Bremen) and in Bioni CS have 
spent more than 10 years developing processes for manufac-
turing the antibacterial nanosilver particles and for incorporat-
ing them successfully into paint solutions.
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Broad microbicidal effect. Bioni antimicrobial paints are vola-
tile organic compounds, free of antiallergic, antiviral and an-
tibacterial effects.

Nanosafety. The nanotechnology innovation in the paint en-
sures nanosafety by trapping the nanoparticles in a polymeric 
matrix, thus there is no fear of release into the surroundings. 
Furthermore, the coating is certified by TÜV Rheinland Signet 
ensuring that it is emission free and does not release any sub-
stances into the environment.

Dubai municipality testing. The national building authority of 
Dubai—the Dubai Municipality—conducted its tests on Bioni 
products yielding promising results.

Impact

Maintain building integrity. The innovative paints proved to 
be the best fit with building materials because they are resist-
ant to abrasion (wet abrasion resistance class 2) and disinfec-
tion chemicals. Additionally, they are not flammable (building 
material class A2).

Extra cost efficiency. According to Dubai municipality testing, 
Bioni’s nanosilver technology has low thermal conductivity 
and can reflect up to 93 % of the incident light, thus lowering 
air conditioning bills.

Growing market in Dubai. On July 13th 2009, Bioni was of-
ficially recorded in the Emirate’s commercial register marking 
an excellent opportunity for Bioni to expand its activities in 
the Gulf region.

What’s Next?

Although Bioni antimicrobial paints were designed to target 
medical facilities, Bioni they can find applications in other 
sensitive buildings such as children’s bedrooms, schools, kin-
dergartens, bathrooms, showers and toilets, the food industry, 
and retirement homes for the elderly.
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 SOCIÉTÉ GÉNÉRALE
Can windows save energy?

 

Société Générale bank in Switzerland utilized 3 M nano-based UV 
absorbing window films to solve the problems of its overheated indoor 
working environment.

•

•

•

Innovation

Hundreds of ultra-thin layers made of advanced nanoceramics that can reduce
heat and ultraviolet light transfer were installed. At the same time, they
preserve interior and exterior window views.

Nanotechnology

Nano-based advanced ceramics: They filter out 25−99 % of infrared (IR) and 
UV radiations, while maintaining the transfer of visible radiations [5].

Results

The new windows reduced cooling costs, contributed to the environment, and
maintained their healthy indoor environments.
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Drivers

Nowadays’ impractical alternatives. Conventional reflective 
films are either metal based, which interfere with electronic 
signals and corrode in coastal regions changing the window 
color, or dye-based, which fade over time.

Sustainability. Energy costs are increasing, and there is a great 
need for sustainable energy efficient solutions especially from 
the building sector which is one of the main detrimental influ-
ences on the environment.

Promising technology. The US Department of Energy (DOE) 
conducted a study on the top 50 commercially available energy 
conservation technologies. The results show that window films 
were ranked as a top tier technology with the highest prob-
ability of success and the fastest Return on Investment (ROI).

Barriers

Landmark status. Société Générale bank is based in a build-
ing that is considered to be Zurich’s very first high rise build-
ing. Therefore, any solution to the bank’s overheated indoor 
environment shouldn’t interfere with the historical building’s 
external features and aesthetics.

Market coverage. UV absorbing window films are not one fit 
for all types of windows or buildings, thus they are not equally 
effective in all cases.

Skeptical customer. Although the building industry serves a 
huge market, it is very hesitant in adopting new and uncertain 
technologies.

Skeptical consumer. Casual residents may underestimate the 
cost efficiency associated with installing UV absorbing win-
dow films until they see real cost savings.
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Enablers

NANO. 3 M window films are made of nanoscaled ceramics. 
At this scale, materials are invisible, therefore, the films keep 
windows clear and less reflective compared to glass.

First patency. 3 M is the first company to earn the world’s first 
patency in window films over four decades ago. Since then, 
the company has been producing reliable solutions to lower 
customers’ energy costs and to provide an accelerated return 
on investment.

Marketing strategy. 3 M supports its window films with a 15 
year commercial warranty, encouraging its rapid commerciali-
zation and adoption.

LEED. 3 M window films are components of LEED sustain-
able design where buildings can earn 2–11 points [6].

Impact

Indoor environment. Up to 99 % of total UV energy and more 
than 80 % of the heat producing IR energy were rejected. The 
bank had better and sustainable indoor temperature control. 
Furthermore, fabrics and furnishings were protected against 
UV induced damage.

Cost effectiveness. Société Générale bank enjoyed a unique 
and green approach to reduce energy consumption with a valu-
able return on investment.

Mission accomplished. The bank managed to improve  
the indoor working environments without compromis-
ing the specific historic and aesthetic features of the old  
building.
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Green impact. The building industry is a top contributor to 
worldwide carbon emissions. Building insulations could save 
around 42 % of energy consumption and consequently reduce 
carbon emissions [1].

What’s Next?

The growing regulations on the building sector to save energy 
drive the growth for solar control window films, which is fore-
cast to be an 863 million dollars market by 2018. First tech-
nology providers like 3 M are likely to be market leaders, and 
early adopters in the construction market will enjoy a unique 
position [7].

 PILKINGTON ACTIVE GLASS
Cleaning using forces of nature.

 

An innovative glass makes use of rain and sun to self-clean and 
resist dirt.
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•

Innovation

Pilkington developed nano-films made of a photocatalyst that can interact
with ultraviolet (UV) rays to break down organic dirt. The innovative film
also contains a hydrophilic (water loving) component that can attract water or
rain on its surface forming sheets that dry without spotting.

Nanotechnology

The technology used nano films (15−20 nm) made of microcrystalline 
titanium dioxide. Titanium dioxide in the presence of UV produces radicals 
that degrade organic pollutants to nontoxic products. 

Results

Ever since Pilkington introduced their self-cleaning glass windows, they have
been experiencing accelerated adoptions of their windows and a growing
customer base.

•

•

 

Drivers

Environment friendliness. Pilkington self-cleaning windows 
eliminate the need for noxious chemicals that are washed off 
into the environment after the cleaning process.

Consumer convenience. Self-cleaning windows are forecasted 
to be more rapidly adopted in construction compared to other 
types of smart windows: consumers can rapidly see the cost 
efficiency associated with the decreased frequency of cleaning 
windows compared to that associated with energy savings in 
other types of smart windows.

Emerging market. The market for self-cleaning windows is not 
yet mature, with few players, thus, there is a great opportunity 
for growth and expansion for early entrants.
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Barriers

Regional limitation. The photocatalytic material used will not 
function properly in the presence of inorganic dirt, long spells, 
coastal areas and internal windows because it needs daylight.

Lack of standards. Since self-cleaning technologies in windows 
are new features and no quality standards are there to assess 
their efficiency, a consumer’s decision will be reliant only on 
the manufacturer’s claims.

High cost. Pilkington self-cleaning windows are 15–20 % 
more expensive than conventional glass, which can negatively 
influence the buyer’s purchasing decision.

Market upset. Glass cleaning companies are an important 
component of the glass windows “value chain”. Thus, the 
introduction of self-cleaning windows will affect their busi-
nesses negatively.

Enablers

R&D. Pilkington’s expertise through 5–7 years of extensive 
R&D on thin film technologies enabled it to successfully 
transform them from laboratory samples to the market.

Safe material. Titanium dioxide is publicly and governmen-
tally accepted because it has been widely used in food related 
materials, cosmetics, and toothpastes.

Impact

Attraction of unique customers. Saint Pancras Station in the 
United Kingdom is one of the customers that has applied the 
self-cleaning glass. It installed the glass on its roof and build-
ing structure to reduce maintenance costs.
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Technology appreciation. Pilkington was one of the four final-
ists for The Royal Academy of Engineering’s MacRobert prize 
that rewards technological and engineering innovation.

New added benefit. Pilkington photocatalytic effect could 
naturally also depollute the surrounding air by decomposing 
some pollutants such as formaldehyde and ground level ozone.

What’s Next?

Pilkington is working with other glass manufacturers, universi-
ties, and standards’ institutes to develop standards that assess 
and measure the self-cleaning properties of nanocoatings in an 
attempt to increase the public trust (so as not to be only reliant 
on the manufacturer claims) and the commercial adoption of 
these products. Moreover, self-cleaning glass can be integrated 
with solar panels to reduce their frequent cleaning costs, and to 
make use of the same solar radiations.

 LUMOTONE, INC. NANOSHUTTERS
Invisible shutter windows.

 

Lumotone invented new transparent shutter films that are stuck on 
window made opaque by the click of a button.
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Innovation

Lumotone Inc. has designed a film that can be applied to a glass surface and
can be converted to opaque color upon switching it off. It can also be tailored
to be colored or be used to show a projection, switched on and off using a
mobile device.

Nanotechnology

The innovation is based on a film containing polymer dispersed liquid 
crystals (PDLC) i.e. small nanoparticles of liquid crystals dispersed in a 
polymer as shown in Fig. 2.1. 
How such liquid crystals work: In a typical PDLC, there are many crystals 
with different orientations and configurations that scatter light giving an 
opaque appearance. These crystals become aligned when an electric field is 
applied allowing the light to pass through and giving a transparent 
appearance.

Results

An efficient invisible window blind that can be turned on and off by the press
of a button.

•

•

•

•

 

Drivers

The need for privacy. Window blinds are important house 
amenities to prevent people from prying into other people’s 
lives.

New décor trends. The new futuristic décor trends constitute 
less furnishings, wide spaces and invisible blinds instead of 
curtains that can be controlled by the press of a button.

The need to save energy. By controlling the amount of light 
entering the room, you can ensure the room stays cool in the 
summer and warm in the winter thereby reducing the energy 
needed to maintain a room’s temperature.

Protective Film

Protective Film

Adhesive Layer
Polymer Dispersed Liquid Crystals

Fig. 2.1 Polymer dispersed liquid crystals used in NanoShutters
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The need for automation. Since the advent of remote controls, 
computers and mobile phones people have come to rely more 
and more on automation. This is further increased by the 
modern fast pace of life. Numerous people nowadays install 
home automation systems to make their life more comfortable 
and easy.

UV blockade. NanoShutters block 99 % of UV light entering 
through the glass. This in turn is healthier as well as crucial to 
preventing the fading of colors of the interior décor and fabrics 
of furnishings inside the house.

Barriers

Installation. The difficulty of installation of the NanoShutter 
will definitely affect its success. However, Lumotone, Inc. has 
made the NanoShutters easy to install—as easy as putting up 
a poster on the wall. They also provide certified professionals 
who can install them for their customers.

Automation. How to make these smart windows automated 
and be controlled by your mobile device remotely when you 
are away from home.

Durability. The durability of the NanoShutter film and whether 
it can withstand cleaning by household solvents is a limitation. 
This explains why such films are protected by an upper layer to 
prevent them from being scratched or destroyed. In addition, 
the company provides directions as how to clean such smart 
windows; which solvents are allowed or not allowed.

Enablers

Research. The founders of the company were originally research-
ers and engineers in the field of nanotechnology in the University 
of Waterloo, Canada, giving them credible backgrounds to  design 
such products.
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NanoShutters that can be integrated with home automation 
systems. Lumotone developed their nanoshutters to be 
compatible with any home automation system.

Mobile applications for the NanoShutters. Lumotone has also 
designed mobile applications and computer software that  enable 
the users to control their shutters in or away from their homes.

Auto-scheduled NanoShutters. Lumotone has made its shutters 
to be schedulable by computer or mobile application so a user 
can sleep in shaded windows and wake up in bright sunlight 
early in the morning to go to work.

Impact

The efficiency of NanoShutters made them invade other mar-
ket sectors including automotive and aircrafts. These smart 
windows help to control the inside cabin temperature as well 
as prevent screen glare when watching videos.

What’s Next?

Lumotone is further developing its technology to produce pixels 
and transparent electronic displays.
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Chapter 3
Manufacturing Applications

Manufacturing has proven to be one of the most important sectors in an 
economy because it allows the country to be self-sufficient. Through 
manufacturing, a country can rely less on imports and can earn foreign 
currencies from exporting its manufactured products. Because it is such a 
vital sector for a country’s development, intensive research and money 
have been invested in this sector to address its limitations as well as devise 
ways to help the manufacturing process be more productive and time-
efficient. Nanotechnology proved to have great potential in the arena of 
monitoring and enhancing manufacturing processes. The role that can be 
played by nanotechnology is comprehensively discussed in this section.

 Introduction
Even though manufacturing supports a country’s economy, national 
infrastructure, commercial innovation and defense, there are a lot of 
problems with manufacturing such as real time monitoring of processes 
to avoid unwanted results, quality assurance and control of the products 
being formed, efficiency, power and resource consumption and hazard-
ous wastes and emissions. With the advent of new technologies, more 
research is being done on their implementation to address the problems 
encountered in manufacturing. A new era of manufacturing that will 
most likely appear in the next few years is 3D printing and the technol-
ogy of additive manufacturing that is thought to reduce the environmen-
tal impacts of conventional manufacturing. It has definitely proved itself 
in the manufacture of implants, prosthetic joints and dental components 
[1]. Other commercialized areas where nanotechnology proved itself in 
manufacturing include the use of sensors for real time monitoring of the 
particular manufacturing process at hand, coatings for prevention of 
bacterial growth or for insulation and anti-wear or lubrication purposes 
for machinery parts. Sensors during the manufacturing process include 
sensors to track temperature, pH, humidity, microbes, toxins, contami-
nants and mechanical strains or possible breakdowns [2, 3].
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 Cases
 INDUSTRIAL NANOTECH, INC.

Transparent insulating coatings.

 

A new nanocomposite coating that has very low thermal conductivity 
has been developed to be used for coating equipment and machines.

Innovation

•A new industrial low-thermal conductivity coating for machines, equipment and their
parts that is capable of maintaining its function at high temperatures, impacts and other
drastic industrial conditions.

Nanotechnology

•A nanocomposite called Hydro-NM-Oxide that is made from silica nanogels dispersed in 
a film forming polymeric resin matrix.

Results

•This innovation has enabled the making of clear, nearly transparent, high-performance
coatings that can be easily applied by spraying to coat steam boilers, heat exchangers,
industrial machines, piping, tanks, ovens, dryers, walls, ceilings and sky lightings. Such
coatings were not only found to have very good heat insulation properties but also
excellent corrosion resistance and resistance to molds and moisture. The implementation
of such a high-performance product was further widened to include applications in
construction, housing, nuclear plants and offshore oil drills.

 

3 Manufacturing Applications
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Drivers

A lot of heat is lost or gained during heating and cooling 
processes in manufacturing. The manufacturing processes’ ef-
ficiencies usually depend on conservation of energy. In order 
to avoid loss of energy in the process this requires insulation.

Contamination of final product with machine’s corroded parts. 
The moving machine parts in the food, beverage and pharma-
ceutical industries, e.g. during grinding of food, can lead to 
erosion of the machine part into the food or drug which would 
lead to contamination and toxicity. This nanocoating, howev-
er, acts as a seal over the machine parts preventing corrosion 
and leakage into the products.

Molding may occur during processing of foods or biomateri-
als leading to their contamination. The processing of foods or 
other materials that are prone to rotting can lead to deposits in 
the machines and piping that, after sometime, will attract bac-
teria and fungi to grow. Such bacteria and fungi can leak into 
the products as they are being produced. The use of a coating 
that has antibacterial and anti-molding properties will prevent 
such an event from happening.

Barriers

Safety of nanomaterials if leached into the final products. 
There is the problem, however, of designing coatings that 
don’t leach nanomaterials into products as there is an ongoing 
debate regarding the safety of nanomaterials to human health 
[4]. Industrial Nanotech, Inc. though, has proven that its coat-
ings withstand high temperatures and impacts as found in the 
test results on its website.

Application of the nanocoating. Whether the application of the 
nanocoating requires breaking apart the machine parts and then 
reassembling them or whether it is just spraying application is 
considered a limitation. In Nanosulate®, the coating can be 
applied by brush, roller or paint sprayer.

Cases
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Enablers

Experience. Industrial Nanotech, Inc. has a history and valid 
experience in making protective nanocoatings. It has been con-
ducting research, developing and selling coatings since 2004.

Awards. Due to the excellence of its product, it has received sev-
eral awards including the Buildings Magazine Award, Builder 
News Award, Building Products Award, Qualified Remodeler 
Award and Journal of Architectural Coatings Award.

Testing data. Industrial Nanotech, Inc. has carried out numer-
ous tests and published results on its patented coatings includ-
ing thermal insulation data, mold resistance data, corrosion 
prevention data, corrosion under insulation, lead encapsula-
tion data and environmental data.

Cost efficient products and customization. The advantage of 
Industrial Nanotech, Inc. is its ability to customize its products 
to meet different needs in different fields. It targeted, not only 
industrial, but also construction areas and provided different 
packs of the products to meet different applications and meth-
ods of implementation.

Impact

Due to the cost effectiveness of the products and their effi-
ciency, the company was capable of holding a large market 
share across the globe. The products have been utilized in the 
textile, oil and gas, food and beverage, building and con-
struction industries and many more, winning itself excellent 
customer testimonials for its products.

What’s Next?

The company can add more features or properties to its coatings 
to target new customers like those in the sound insulation or 
solar energy fields.
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 ALPHABET ENERGYTM

Thermoelectric power generation.

 

Alphabet energy was successfully capable of designing new thermo-
electric generators that are capable of generating an electric current 
when exposed to a temperature gradient.

Innovation

• The innovation is a new energy recovery method from waste: hot exhausted
gases produced in the oil industry, in manufacturing processes or by cars. The
heat in the hot gases is used to generate electricity with the aid of thermoelectric
materials.

Nanotechnology

•Thermoelectric materials are materials whose electrons move along a temperature 
gradient creating an electric current. Thermoelectric materials are materials with high 
electrical conductivity and low thermal conductivity eg. Lead Telluride (PbTe), Bismuth 
Telluride (Bi2Te3), and Silicon Germanium (SiGe). Such materials, however, are quite 
expensive. A way to improve the thermoelectric behavior of cheaper semiconductor 
materials is by lowering their thermal conductivity achieved through nanotechnology. 
The nanoscale features of dispersing nanoparticles, nanowells, nanowires or creating 
nanointerfaces help to reduce thermal conductivity without affecting electrical 
conductivity.

Results

• Alphabet EnergyTM was able to create a thermoelectric-based energy recovery
technology that is cheap, light in weight, efficient, reliable, can recover energy
from waste gases and requires little maintenance as there are no engines
involved.

 

Cases
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Drivers

Reduction in operation costs. All industries want to achieve a 
reduction in operation costs and increases in profitability. The 
ability to recover any lost energy and reuse it in operation will 
help them cut down on a lot of their costs.

Sustainability. The 1970s energy crisis was an alarm to the 
world about its dependability on nonrenewable energy sources 
and how those will eventually be depleted.

Low maintenance energy recovery solutions. Since there are 
no moving parts or motors involved, Alphabet Energy’s ther-
moelectric generators require very little maintenance unlike 
the conventional energy recovery systems.

Barriers

Achieving maximum electrical conductivity while keeping 
a minimum thermal conductivity in the same material. This 
barrier was overcome through the nanoscale design of the na-
nofeatures inside the material to reduce its thermal conductiv-
ity without affecting its electrical conductivity.

A thermoelectric circuit that can withstand several thermal cy-
cles. The high temperatures of the exhaust gases can affect the 
electric circuit in which the thermoelectric material is placed 
which requires special design in order to withstand such high 
mechanical stresses.

Enablers

Patents. Alphabet Energy has over 60 patents and many more 
publications. Its cofounders are scientists experienced in the 
field of thermoelectric power generation.

Funding and partnerships. Alphabet Energy has been fund-
ed with over 30 million dollars from investors such as TPG 
Biotech®, Claremont Creek Ventures, California Clean Energy 
Fund and Encana Natural Gas. Moreover, the US Dept. of 
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Energy, the US Army and the US Air Force have contributed 
2 million dollars.

Experience. Alphabet Energy has been working in the energy re-
covery thermoelectric based generators since 2009 and has been 
accumulating experience and resources ever since. It has also de-
veloped a 7900 square-foot manufacturing facility in California.

Awards and publicity. The company has received several 
awards for its high performance products and has been men-
tioned in several news anchors and several agencies such as 
Bloomberg, Forbes, National Geographic and Fortune.

Impact

The company’s outstanding research in nanotechnology and prod-
uct development has enabled it to earn many awards as well as 
embark on major projects in partnership with big oil companies.

What’s Next?

Alphabet Energy will start to commercialize their product 
globally rather than solely the United States.

 DYNALENE
Heat transfer nanofluids.

 

Cases
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Dynalene used colloidal suspensions of nanoparticles to improve the 
heat transfer efficiency.

•

•

•

Innovation

A new low conductivity heat transfer fluid used to cool or heat processes and
electronics in manufacturing.

Nanotechnology

The use of colloidal suspensions of nanoparticles like nanodiamonds to 
improve the heat transfer efficiency of the fluids [5]. Such nanofluids have 

higher heat conductivity properties and heat transfer coefficients which depend 
on the materials used and the rheological properties of the fluid [6]. The higher 

thermal transfer ability is due to their larger interacting surface areas. An 
added advantage of nanofluids is that their heat transfer properties can be 

made controllable and responsive to stimuli [7].

Results

Dynalene was able to make a high efficiency transfer fluid with high heat
transfer coefficient that can be used in cooling and heating processes. The
Dynalene fluid has also added nanoparticles to prevent corrosion of the
surfaces they come in contact with during operation which gives it an added
advantage of extending the life of equipment and machinery used. The low
electrical conductivity designed in the nanofluid has made it suitable for the
cooling of electronics and fuel cells. Moreover, since the Dynalene fluid is
water based, it was proven to be nontoxic and nonflammable.  

Drivers

Higher efficiency heat transfer fluids. Due to the larger inter-
acting surface areas of nanoparticles, they are able to transfer 
more heat.

Stable suspension fluids. Suspensions of nanoparticles are 
more stable than the use of larger particle slurries such as 
those used in conventional heat transfer fluids

Reduced pumping power. As nanoparticles transfer more heat, 
lower circulation rate and lower pumping power are required 
compared to conventional heat transfer fluids.

Reduced clogging. With conventional heat transfer suspen-
sions clogging can occur. Comparatively, with nanoparticles, 
no clogging occurs.

Adjustable properties. By modifying the type of nanoparticles 
used, their shape, their size and the rheological properties of 
the fluids, the heat transfer efficiency can be manipulated as 
well as other properties like electrical conductivity.
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Barriers

Selection of the nanoparticles. Extensive research is required 
to decide upon the best nanoparticles and nanofluid formula-
tions for heat transfer.

Instability of the nanofluids. Nanofluids are always subject to 
coagulation of their particles due to the high surface energy 
of the nanoparticles. This therefore necessitates an optimal 
surfactant addition to prevent this while maintaining the heat 
transfer efficiency.

Enablers

Experience. Dynalene has been working in the field of devel-
oping and enhancing heat transfer fluids since 1993.

Grants and awards. The company has received over four mil-
lion dollars in research grants to develop their products. These 
include the US Department of Energy Grant for Fuel Cell 
Coolants and the US Department of Defense Grant for Hybrid 
Nanoparticle Utilization in Cooling Systems.

Customization. Dynalene customizes products according to 
each customer’s requirements while meeting the applications 
the product is designed for.

Wide product profile. The company has over 40 patented prod-
ucts with varying properties from ultra-low-temperature to 
ultra-high-temperature heat transfer fluids.

Laboratory services. In addition to the maintenance and cus-
tomer inquiry services it provides, Dynalene also provides 
laboratory services and resources to its customers including 
quality control, stability studies, material compatibility and 
corrosion studies. This is enabled by the extensive research 
facility owned and developed by the company over the years 
comprising four laboratories and many expensive testing and 
characterization equipment.
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Publications, conferences and university affiliations. It has a 
multitude of publications in respectful journals and confer-
ences as well as affiliations with universities and researchers 
including Lehigh University, Pennsylvania.

Impact

Due to frequent research and the continuously using new materi-
als and technologies in addition to the outstanding performance 
of its products, the company grew rapidly, ranked by Inc. maga-
zine as one of the fastest growing companies. It was also nomi-
nated for the 2014 Governor Impact Award.

What’s Next?

The company has potential to expand in many areas. One 
 opportunity is to make its nanofluids controllable using mag-
netic fields and magnetic nanoparticles. This would develop 
the application profile of the fluid.

 AEROTECH®

Nanopositioners.

 

Aerotech designed piezoelectric positioners that are capable of 
controlling motion down to the nanosize scale.

3 Manufacturing Applications
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Innovation

• Aerotech developed an advanced tool for extremely precise controlling of
motion and positions down to the nanoscale level.

Nanotechnology

• In order to achieve control of motion at the nanoscale level, Aerotech used 
piezoelectric crystals of high purity and small grain size as well as the use of 
highly accurate sensors and electronic circuits that minimize noise. It also 
used its piezo actuators in a closed loop mode to stop hysteresis and 
nonlinearity.

Results

• The high quality design of the nanopositioner has enabled the company to
produce products that are precise and repeatable with extremely good
resolutions (to the nano level) which has enabled Aerotech to competitively
enter the market and serve a wide range of fields including manufacturing
(additive manufacturing), medical, research, aerospace and several others.

 

Drivers

Precise control of movement especially in electronics and 
additive manufacturing. The two major fields where preci-
sion is necessary is in the electronic circuits and additive 
manufacturing fields, where the specific positioning and at-
tachment of components can affect the functionality of the 
finished product [8].

Miniaturization of electronic devices. Most devices nowadays 
have become smaller in size and will continue to shrink. Such 
miniaturization of devices requires minute circuits that are 
designed with high accuracy. This can only be achieved by 
manufacturing at the nano level.

Barriers

High complexity of the technology. This meticulousness, 
 reproducibility and resolution of motion require an intricate 
design of circuits and components. Since Aerotech has been 
working in the field for over 40 years, it has access to experi-
enced engineers and researchers as well as credible resources 
and facilities.
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Enablers

Experience. Aerotech has been conducting research and devel-
oping in the field since the 1970s (45 years), thus it has been 
gaining mechanical and electrical experience throughout the 
years as well as establishing a wide customer base.

Manufacturing facilities. The company has advanced manu-
facturing facilities including clean rooms and vacuum com-
patible platforms.

Awards. Aerotech has received more than 20 awards for its ex-
cellence and outstanding products which has helped it sustain 
its reputation in the market.

Certifications. Due to Aerotech’s large number of patented 
technologies and high quality products, it has received an ISO 
certification for quality standard in 1995.

Collaborations. In order to maximize benefits from its col-
laborations, Aerotech designed an integration program where 
the collaborating companies would put in a good word for 
Aerotech in their networks in exchange for training and 
discounts.

Worldwide service and support. Aerotech has been able to 
prove its presence around the globe. It is present in china, 
Taiwan, Japan, UK, USA, Germany, Canada and Mexico. 
It’s also been able to provide a 24/7 support to its customers 
worldwide.

Customization. Aerotech has the technology to customize its 
controllers to fit to a customer’s desired application.

Impact

Due to its high quality products, Aerotech has managed to invade 
the globe. Its high precision and nanoscale resolution as well 
as its refined technical support has enabled it to be one of the 
best in the market.
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What’s Next?

Aerotech’s vast experience and facilities can enable it to 
 advance its technology further to reach atomic scale.

 FIBERIO®

Nanofiber manufacture.

 

FibeRio® invented a new technology for making nanofibers based on 
the centrifugal force principle.

•

•

•

Innovation

Designing a new manufacturing tool called Forcespinning® machine that
enables the low-cost high-production rate of nanofibers to be applied in
textiles, solar, filtration and medical industries.

Nanotechnology

FibeRio has developed a new technology for making nanofibers on a large 
scale, at low cost, with high productivity and without the disadvantages of 
methods such as electrospinning and meltblown. This technology is based on 
the centrifugal force principle where the polymer is drawn into nanofibers 
with a high speed rotating spindle.

Results

The use of Forcespinning® allows large scale industrial production of
nanofibers at low cost. It also uses less solvents compared to the other
methods. It also has the advantage of reducing energy consumption because it
does not use hot air jets.
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Drivers

Increasing applications of nanofibers. The applications of 
nanofibers are becoming more well apprehended these days 
with applications in textiles, packaging, drug delivery, tissue 
engineering and energy applications. This necessitates the 
presence of a manufacturing method that is cheap and can be 
scaled up to meet industrial needs.

Low cost large scale production. Forcespinning can be used 
for large scale production as it does not involve the high elec-
tric field of electrospinning which would be dangerous on 
large scales. Additionally, it does not require the high speed 
hot jets of air in melt spinning which could also be dangerous 
and non-economical on large scales [9].

Solvent usage and recovery. Forcespinning requires less solvent 
than electrospinning and can be used for spinning solids which is 
an advantage over electrospinning and eliminates the solvent re-
covery step or the presence of residues of solvent in the product.

Low dielectric constant materials spinning. Materials with 
low conductivity are difficult to spin into nanofibers with the 
electrospinning process which puts numerous restrictions on 
the use of such materials. This, however, is not evident with 
Forcespinning which uses centrifugal rather an electric force 
to draw nanofibers [10].

Barriers

Design. The design of the device that produces the correct 
centrifugal force to draw the fibers requires advanced engi-
neering expertise in order to make high-efficiency products. In 
FibeRio, this was not a problem as it has experienced person-
nel ever since its establishment in 2009.

New factors affecting fibers. This new technology to make na-
nofibers using a different type of force to spin them has not been 
studied as much as the previous technologies used: electricity 
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or jets of hot air. However, there are increasing numbers of  
papers being published now about the possible factors that can 
affect the properties of the fibers using Forcespinning.

Enablers

Effectiveness. FibeRio’s products proved to be more effective 
than other conventional methods used as published by several 
papers [9, 11]. They were also proven to be more sustainable 
due to the fact that they use very small amounts of solvents 
and less energy than other methods.

Publishing and conferences. FibeRio published countless pa-
pers since it was founded and has attained several patents. The 
company also presented its work about the importance of na-
nofibers at myriad conferences.

Collaborations. In 2015, the company made a collaboration 
with a big textile company to use its machines. It also col-
laborated with Saudi Arabia Basic Industries Corporation and 
Aster Capital for investments.

All scales. The company provides Forcespinning machines for 
research and development as well as for large scale industrial 
production to meet all consumer demands and widen their cus-
tomer base.

Impact

FibeRio, with its high efficiency products, has been highly re-
garded among manufacturers. Moreover, it has received many 
credible awards, one of which is its being named in the pres-
tigious 2013 Global Cleantech 100 (a global market intelli-
gence and consulting firm).

What’s Next?

It would be beneficial for the company to incorporate other tech-
nologies like applications of electric potential with Forcespinning 
to see the effect and see if the efficiency is further increased.

Cases
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 TRIBOTEX
Self-assembling lubricant.

 

TriboTEX invented a self-assembling nanocomposite lubricant that 
heals corroded parts.

Innovation

• A new lubrication system that’s for industrial machines’ gears, ball bearings
and other moving parts.

Nanotechnology

• A self-assembling nanostructured oxide-carbide ceramic coating that is 
formed of two layer components: a bottom layer that sticks to the moving 
steel gears or bearings and a top slick lubricating layer that reduces friction.

Results

•A high efficiency coating that is capable of protecting against friction and wear.
The coating’s simple application has allowed a reduction of maintenance costs as
well as the avoidance of the troublesome machine disassembling and remote
maintenance. The coating also allows for failure intervention by detecting initial
micro pitting or an increase in running temperature before catastrophic failure.
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Drivers

Machine wear and corrosion during operation. Due to the 
friction between machine parts moving against each other, 
such high shear stresses can cause corrosion and pitting of the 
surface.

High maintenance costs for corrosion. The cost of replacing 
worn out machine parts, sometimes the entire machine, is usu-
ally excessively high. For example, gearboxes of turbines are 
designed and financed to last for 20 years, but their average 
lifespan is only 7 years. Replacing a turbine gearbox costs 
$100,000 to $250,000, while routine maintenance and repair 
costs amount to an additional $10,000 annually.

Leakage of corroded surfaces into products. This is especially 
important in the case of machines that are used for grinding of 
food or the likes where any worn out surface-bits that fall into 
the food will reach our bodies causing toxicity or diseases.

Dangerous heating up of machine parts due to friction. 
Friction creates a lot of heat and this increase in temperature 
of the equipment may start a fire.

Barriers

Technology. Fabricating such coatings requires a lot of experience 
and research to achieve. This, however, was overcome by the 
company’s mixture of scientists and engineers working together.

Safety of nanomaterials. There have been published reports 
about the leakage of nanomaterials from coatings and about 
that their potential toxicity. Therefore, measures have to be tak-
en to avoid such coatings from being scraped off the surface.

Compatibility with different surfaces. Not all coatings 
comply with all surfaces. Coatings have to be designed to 
stick to the surface which would vary if the surface is metallic 
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or  non- metallic. In the case of DuoLife, it is only compatible 
with metallic surfaces.

Efficiency in harsh working conditions. Coatings can lose their 
efficiency if subjected to high temperatures or pressures. For 
DuoLife, its nanoparticles are fabricated to be activated by 
high pressure and temperature.

Enablers

Performance improvement. DuoLife reduces friction by ten 
times and increases the lifetime of machines by 20 % which 
makes it a very valuable product in reducing costs of replacing 
machines or their parts.

Ease of application. DuoLife can be applied without breaking 
apart the machine parts. The machines are set to operate to 
reach their working temperature and then are turned off. The 
lubricant system is applied and the machine turned on again 
for an hour.

Repair not only protect. DuoLife doesn’t only lubricate and 
protect against wear, but it also serves to repair worn machin-
ery as the coat self-assembles on the surface to fill in any wear 
grooves.

Impact

TriboTEX with its products has been able to obtain funds 
from the National Science Foundation and other institutions 
although it was just a small startup company. The efficien-
cy of its products and the number of patents it has acquired 
TriboTEX to stand its ground in the market.

What’s Next?

The next step for TriboTEX is to produce its products in larger 
volumes and invade the worldwide market with distribution 
agencies around the world. It can also make different tailored 
coatings to coat different types of surfaces.
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Chapter 4
Clean Energy Applications

Most energy sources that the world relies on are non-renewable 
sources that will be depleted in the very near future. Our energy 
consumption is rising at an exceptionally fast pace due to the 
increase in the world population coupled with the widespread urban-
ization noticed all over the globe. This necessitates new alternative 
methods of generating or conserving energy. How nanotechnology 
plays an important role in such a process will be discussed more in 
this section.

 Introduction
As the world population continues to grow, energy consumption also 
increases. This has lead governments to seek different ways to either 
reduce consumption of energy or increase production of sources of 
energy especially renewable ones. Nanotechnology has been exten-
sively researched for ways to be harnessed for such purposes and was 
found to be an efficient tool in serving its purpose. Nanotechnology 
has served to reduce energy consumption in a number of ways includ-
ing making better insulation layers and materials as well as enabling 
the production of strong lightweight materials that can be used for 
more efficient and less energy consuming transport. Nanotechnology 
has also directly affected consumption by improving energy conver-
sion seen in more efficient combustions and electric light bulbs. 
Quantum dots were used and manipulated to achieve the highest 
energy conversion from electricity to light as well as to produce the 
best colors, making them of use in the new display screens and light 
bulbs [1, 2]. Metal nanoparticles also help to improve the efficiency 
of the burning of fuels by increasing their energy density, shortening 
the ignition delay, reducing the burning time and acting as a very high 
surface area catalyst that maximizes the contact between the fuel and 
oxidizing agent. It also improves the fuel’s injection velocity into the 
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combustion chamber [3]. Nanotechnology has also allowed increased 
energy production. An example is the improved efficiency of fuel 
extraction from oil drilling sites through the use of nanofluids to 
squeeze the oil out and nanobots (sensors) to investigate the wells and 
their performance [4]. Nanotechnology has also allowed the capture 
of solar energy in solar cells and improved the efficiency of its con-
version to electricity [5]. It has also improved energy storage in bat-
teries and capacitors [6, 7].

Cases
 HYDREXIA-SOLID STATE HYDROGEN STORAGE

Smaller lower pressure hydrogen tanks.

 

Hydrexia designed new hydrogen storage systems that are smaller in 
size, transportable, cheaper, safer and with a much higher storage 
capacity.

4 Clean Energy Applications
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•

•

•

Innovation

Hydrexia was able to develop low pressure hydrogen storage systems with high storage
capabilities. These systems were designed to be safer and cheaper than the conventional
compressed gas systems.

Nanotechnology

Hydrexia designed nanostructured magnesium alloys and nanocomposites with 
transition metals to store hydrogen as magnesium hydride. Nanostructuring and mixing 
with transition metals (act as catalysts) serve to modify the sorption/desorption kinetics 
of hydrogen and, hence, lower the operating temperature [8].

Results

Hydrexia was able to design a low cost (half the cost of conventional compressed
hydrogen systems), hydrogen storage system that can be customized to optimize flow
rate requirements of the different customers as well as their storage space requirements
(up to four times less than conventional compressed storage). These storage vessels are
also safer due to much lower pressure than that used in conventional compressed
storage. They were also able to provide mobile storage system designs that can deliver
more than three times the mobile conventional systems.

 

Drivers

Using hydrogen as an environmentally friendly source of 
energy. The use of hydrogen as an energy source has been 
long researched and developed due to its high energy content 
(142 MJ/kg, three times that of gasoline) and its environmen-
tally friendly nature (it produces water on combustion). The 
need to use hydrogen as an alternative energy source has in-
creased due to the increasing environmental pollution that the 
world is living in [9].

The disadvantages of high pressure gas storage. High pressure 
or compressed gas storage has many disadvantages such as 
lower energy content per unit volume (4.4 MJ/L at pressures 
as high as 70 MPa) and is unsafe due to the pressures used in 
the storage vessel as well as the energy required and consumed 
to compress the gas during manufacture [10].

The disadvantages of liquid hydrogen storage. Storing hydro-
gen as a liquid has much higher energy than the compressed 
gas form (8.4 MJ/L), however, it requires extensive cooling, 
up to −252 °C, which is an expensive process in addition to 
the fact that there will always be hydrogen gas lost due to in-
evitable evaporation.
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Advantages and safety of solid state storage of hydrogen. 
Solid- state hydrogen storage has many advantages: it is safe 
due to low pressures used, more hydrogen can be stored there-
fore giving a much higher energy density than the two con-
ventional methods and its sorption and desorption rate can be 
controlled [11].

Barriers

Composition optimization. Metal hydride storage is based on 
alloys of two or more metals where at least one has to form a 
stable metal hydride and the other an unstable metal hydride. 
As a result the exact composition of the different metals in 
the alloys will play an important role in the storage capacity, 
hydrogen discharge capacity, operating temperature, electro-
chemical properties and the lifecycle of the alloy [12].

Cost of the alloy. Most hydrogen storage alloys are expensive 
to fabricate and have low gravimetric hydrogen storage densi-
ties (less than the standards put by United States Department 
of Energy) and, thus, are not suitable as energy sources espe-
cially if used for automotive applications [13].

Poor kinetics and high operating temperatures. Although the 
use of Mg alloys are much better than other alloys in terms of 
storage capacity, they have the disadvantage of having poor 
thermodynamics and they would require high temperature to 
operate, which hinders their actual use.

Enablers

Use of mg alloys. Mg alloys have many advantages includ-
ing a high storage capacity, being abundant and inexpensive. 
Hydrexia was able to collaborate with a Chinese manufac-
turer of Magnesium alloys to reduce the cost of its supply 
chain.
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Nanostructuring. In order to improve the thermodynamic 
properties of the alloy and the sorption/desorption kinetics 
of hydrogen, thus the operating temperature, it was found out 
that the inclusion of different transition metals at the nanoscale 
in a composite or alloy form helps to improve such kinetics by 
acting as catalysts [14, 15]. Hydrexia has employed nanostruc-
turing to lower the operating temperature.

Compliance with standards and testing. Hydrexia’s products 
are designed and manufactured in compliance with regional 
codes, standards and certifications for pressure vessel and 
electrical systems. They were tested by a major industrial gas 
company in Australia and were approved for commercial use 
in 2014.

Awards. Hydrexia received the Queensland’s Engineering 
Excellence Awards of 2012 for designing and making a stor-
age system that can store 22 kg of hydrogen gas—a significant 
achievement over the conventional standard compressed cyl-
inder which stores 600 g.

Funding and investments. Due to its excellence in the field of 
hydrogen storage, Hydrexia was capable of obtaining several 
funds and investments to continue development and commer-
cialization including a total of 13.50 million dollars investment 
from Air Liquide, Southern Cross Renewable Energy Fund.

Impact

Due to the efficiency and competitiveness of its products, the 
company was able to prove itself in the market commercial-
izing its product, receiving awards and raising funds.

What’s Next?

Hydrexia can further develop its products and storage systems 
to be used for cars in an efficient way.

Cases



66

 GASP SOLAR NANOWIRE SOLAR CELLS
Wires that trap light!

 

Gasp Solar has designed new solar panels made out of nanowires that 
have a higher light entrapment efficiency.

Fig. 4.1 Nanowire solar cell

4 Clean Energy Applications
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•

•

•

Innovation

A new solar cell that is two times more efficient and ten times less expensive
than the conventional solar cell.

Nanotechnology

It used nanowires on top of silicon to increase their light entrapment 
efficiencies and reduce their reflective losses [16]. Figure 4.1 shows how the 
nanowire solar cell look like.

Results

Their nanowire solar cells ensure the highest possible light collection
efficiency, a build-in light concentration, a near perfect black surface, and an
increased acceptance angle.

 

Drivers

Depletion of nonrenewable fuels. The world’s energy con-
sumption is increasing by 2.3 % every year. Sources of energy, 
according to the International Energy Agency [17], include oil 
31.4 %, coal 29.0 %, natural gas 21.3 %, biofuels and waste 
10.0 %, nuclear 5.8 %, and ‘other’ (hydro, peat, solar, wind 
and geothermal power) 1.1 %. Since oil and coal are the major 
source of energy and are non-renewable, they can become de-
pleted. This necessitates us to develop more renewable sourc-
es like solar, wind, hydro and geothermal.

Environmental pollution. The use of fossil fuels is one of the 
leading causes of environmental pollution around the globe 
[18]. The effects of environmental pollutants has been well 
comprehended in the past few years including how they af-
fect the climate, human health as well as the biodiversity of 
the ecosystems. This has led to an increasing need to look for 
alternative clean sources of energy including wind, solar and 
other sources of energy.
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Barriers

Cost of making a silicon solar cell and large scale implemen-
tation. It is quite expensive to make a silicon solar cell due to 
the extensive purification and processing of the silicon wafer.

Low efficiencies. Conventional solar cells have low efficien-
cies (about 20 %) and improving the efficiency is difficult 
especially on large scale implementations.

Enablers

Use of nanowires. One of the sources of costs for solar cells is 
the extensive purification process of the silicon wafer to achieve 
an accepted performance. Using nanowires solves this problem 
by orthogonalizing the light absorption and charge separation 
while allowing for a more efficient light entrapment [16].

Experience. Gasp Solar has been building up on research ex-
perience since 2006 when it was founded under a different 
name. When the company switched to Gasp Solar, it main-
tained its same staff, know-how and intellectual property.

Collaborations. Gasp Solar collaborated with the govern-
ment through SEED Capital Denmark, the University College 
London, the University of Copenhagen and the Technical 
University of Denmark.

Impact

Due to its experience and technology, it was able to fabricate 
high efficiency solar cells that are ready to be commercialized 
on a large scale. Due to the quality of the product patented, the 
company is being supported by the government.

What’s Next?

The next step for this company is to widely commercialize its 
products, especially to countries with plenty of sunlight.
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 GRAPHENE NANOCHEM OIL MINING NANOFLUIDS
Fluids that squeeze oil from pores!

 

Graphene Nanochem was able to produce nanostructured fluids that 
have special rheological properties that enable it to leak through well 
pores and push the oil out.

Innovation

• Graphene Nanochem has designed environmentally friendly non-toxic fluids
that aid in the onshore and offshore drilling process. These fluids are
designed to perform in a wide range of different drilling environments
including high temperatures and high pressures.

Nanotechnology

• It used graphene and graphene oxide smart nanofluids whose viscosity and 
rheological properties are modified by the passage of an electric current.

Results

• Using Graphene smart fluids, Graphene Nanochem was able to produce
excellent successful drilling fluids that help to reduce well formation damage,
produce thinner filter cakes, reduce fluid loss into rock formation pores,
preserve original rock formation pressure, reduce wear on drilling tools and
reduce negative impact to the environment.
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Drivers

Decrease in available hydrocarbon sources and increase in 
extraction costs. Due to the decrease in the oil and gas res-
ervoirs, there has been a necessity to use new techniques to 
improve the productivity of a well. A lot of the conventional 
methods are costly and have low productivity. This has led to 
the researching of new techniques involving nanofluids, espe-
cially low cost ones to improve productivity [19].

Oil price drop. The drop in the price of oil had put demand for 
new ways to reduce the cost of producing oils including the en-
try of new technologies to maximize oil recovery at lower costs.

Barriers

Environmental safety. It has been long proven that drill-
ing wells, fluids and the oil itself affects the environment— 
especially marine water in offshore drills—that is why it is 
important to ensure that fluids used in drilling should be bio-
degradable and safe [20].

High cost of nanomaterials. The cost of graphene sheets and 
the additives to disperse or functionalize them are particularly 
high. However, in the case of Graphene Nanochem, it has its 
own proprietary patented manufacturing techniques for gra-
phene as well as its own patented dispersion additives called 
PlatSperse™.

Enablers

Acceptable results by independent testing regulatory bodies. 
The PlatDrillTM Series were tested for 9 months by the Council 
of Scientific and Industrial Research—National Institute of 
Oceanography, India, and was found out to be 25 % more bio-
degradable than the standard specified by the Organization for 
Economic Cooperation and Development guidelines and, there-
fore, was considered environmentally safe and non-toxic in addi-
tion to an agreement with a major oil company to test its product.
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Joint ventures. Graphene Nanochem has signed a number of 
joint ventures to enable it to fulfill the commercialization of 
its products. The company made a joint venture with Scomi 
Oil tools to enhance its manufacturing and commercialization 
capabilities of oilfield chemicals and drilling fluids to be able 
to serve Scomi’s wide customer base in 22 countries.

Signing agreements with big oil companies. Graphene 
Nanochem signed an agreement with Fire Creek Resources 
Ltd, an oil drilling company for market expansion in North 
America. It also made agreements with Petroleum Pipe 
Company for prototyping which makes pipes and casings us-
ing high performance materials.

Specialization and experience. Graphene Nanochem has 
been originally in the field of nanotechnology since 2006 un-
der the name of Biofutures which was changed to Graphene 
Nanochem in 2012. It has several manufacturing facilities in 
Malaysia that are specialized in the Bottom-Up synthesis of 
graphene, dispersion of graphene and the making of finished 
products to suit the different applications.

Patents. The company has a number of approved patents in 
graphene synthesis and application.

Targeting several sectors. Graphene Nanochem used its exper-
tise, not only target the oil drilling companies, but also to tar-
get water treatment in the oil sector by cooperating with HWV 
Technologies that specialize in water decontamination and re-
mediation for a variety of applications. Graphene Nanochem has 
also collaborated with Sync R&D (an engineering company) to 
develop graphene enhanced lithium batteries to drive electric 
buses used in Malaysia in a Malaysian Electric Bus Program.

Impact

Effective products. Due to its experience and successfulness, 
the company was capable of selling several products including 
PlatDrill™ Series, PlatQ™ Series, PlatSperse™, PlatAmber™ 
and PlatClear™ not only in the UK but around the globe.
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Better well penetration. Such drilling fluids have enabled bet-
ter penetration of drilling wells while protecting the drilling 
equipment and allowing better extraction of the oil from such 
wells due to their controllable electro rheological properties.

Reduce friction and corrosion. They were also capable of re-
ducing friction and heat, impeding corrosion, maintaining a 
stable rheology, reducing torque and drag, increasing extreme 
pressure lubricating properties in drilling fluids and high stress 
environments as well as cleaning, conditioning and strength-
ening of the well surfaces.

What’s Next?

Graphene Nanochem has potential to use its technology and 
experience in graphene dispersion to develop and make con-
ductive inks and nanocomposites to produce products in areas 
where it can target other markets as well.

 SOLAR BOTANIC LTD.
Electricity generating tree!
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Solar Botanic designed an artificial tree with artificial leaves that are 
made of tiny solar cells and that is capable of generating electricity.

Innovation

• Solar Botanic Ltd has developed a new renewable energy conversion method
(an artificial tree) that uses a combination of nanotechnology and biomimetics
to achieve its goal.

Nanotechnology

• The company uses Piezoelectric nanoelements converting movement due to 
wind into electricity. It also uses nanoantennas on the leaves acting like nano 
solar cells that capture the sun's energy.

Results

• The new technology and design has helped achieve a fifty percent increase in
the efficiency of conversion of solar and wind energy to electrical energy. It
also reduces the cost per KWh and offers a broad range of applications (grid
and off-grid).

 

Drivers

Increasing global demands. The global demands for energy 
are rising as the population increases which puts a lot of pres-
sure on generating energy that majorly comes from the non- 
renewable fossil fuels.

Pollution. The major sources of energy till now is the combus-
tion of fossil fuels which generates a lot of carbon dioxide, 
carbon monoxide and nitrogen oxides that are toxic and con-
tribute to global warming. In addition, other emissions of soot 
particles and other pollutants are produced which were found 
to be major causes of cancer, Alzheimer’s and many spreading 
diseases nowadays.

Higher energy harvesting efficiency. Until now, the energy 
harvesting efficiency of solar panels and windmills is low and 
there is increasing research nowadays to increase the efficien-
cy of such clean potential energy sources.

Cases
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Barriers

Technology. The technology of making piezoelectric ceram-
ic nanoribbons and nanosolar cells imprinted on the rubber 
leaves is complex and requires great accuracy.

Design. The design of leaves similar to those found in nature; 
to be able to place the leaves in the right positions for optimum 
energy capture from wind as well as light are some of the ma-
jor limitations. Another barrier is creating the right design of 
leaves and trees to help them get rid of humidity and dirt fall-
ing on them as they occur.

Maintenance and durability. The ability of rubber and plas-
tic to withstand harsh environmental conditions without loss 
of their functional efficiency is a very important aspect that 
should be considered.

Enablers

Hybrid energy system. It converts the energy from the sun, 
wind and rain into electrical energy which increase its total 
output of energy and, hence, its efficiency.

Looks good aesthetically. Unlike the conventional solar pan-
els or the wind turbines that look big and artificial, this new 
energy conversion system looks just like a tree with leaves, 
branches and a trunk which make it look beautiful as if it were 
a real tree. It provides shade and contributes to the visual beau-
ty of the place.

Light in weight. The leaves and branches are made from light 
rubber and plastic so they become sensitive to motion of wind. 
They are, however, very robust which decreases the need for 
maintenance. The light weight makes them easy to install.

Low cost. They are made from recyclable materials which re-
duces their costs and makes them environmentally friendly.
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Impact

Due to its one of a kind technology and biomimicry, Solar 
Botanic is the leading company in harvesting combined en-
ergy from wind and light.

What’s Next?

The company is making different designs and sizes of leaves 
to fit different circumstances as well as optimize the de-
signs to maximize energy capture potential. It is also seek-
ing cheaper manufacturing methods to make such trees even 
lower in price.

 SPIRE SOLAR BIPV
Chicago: the tale of a green city.

 

Spire Solar supplied the city of Chicago with innovative and cost 
effective solar energy systems to meet Richard Daley’s (Mayor of 
Chicago) ambitions in turning Chicago to the most environmentally 
friendly city in the US nation.
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•

•

•

Innovation

Spire solar uses nanostructured materials to fabricate more efficient Building
Integrated Photovoltaics (BIPV). BIPV can be integrated into façade elements
like windows, awnings, or even as curtain wall systems, especially that the
fabrication process enables their solar cells to be available in different colors
providing architects with different options for better aesthetics [21].

Nanotechnology

They use nanostructured materials (including quantum dots) that improves the 
efficiency of BIPV. BIPV are photovoltaic cells that can be integrated into 
buildings to replace conventional construction materials.

Results

Chicago implemented the largest expansive solar project in the US where
around 28 independent solar power systems were installed in museums,
schools, parks, and courthouses generating, collectively, over one million
watts of power and displacing around 25 million pounds of carbon emissions.
According to LEED criteria [22], Chicago was named the number 1 green city
by the business facilities magazine.

 

Drivers

Nano contributions. Nanotechnology is expected to show 
great improvements in solar power generation, manifesting in 
the great enhancements in solar power, efficiency, increased 
battery storage capacity, lifetime, and reduction of costs.

Energy crisis. The global primary energy demand is increas-
ing: the global increase in carbon emissions are driving the 
need for efficient sustainable sources of energy.

Visionary mayor. Richard M. Daley, Mayor of Chicago, had a 
green vision to remediate Chicago’s brownfields, and to turn 
them into solar energy powered plants to generate clean elec-
tricity that can help remediate other brownfields into bright 
ones [23].

BIPVs are the near future. According to the department of en-
ergy, over 50 % of the US electricity needs can be supplied by 
BIPV [24].
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Barriers

Conversion efficiency. Nano-based solar panels are still less 
efficient than silicon-based ones, with a solar conversion effi-
ciency of 6–13 % compared to 20 % in silicon-based ones [25].

Toxicity and scarcity. The nanomaterials used in photovolta-
ics PV include gallium, indium and other heavy metals which 
may pose toxicity risks to human health and the environment. 
In addition to that, their shortages that require strong inter-
vention and efficient recycle processes to recover them from 
disposed panels make them extremely costly.

Opposing opinions. Some opponents are against governmental 
support of solar cells based on rare or scarce metals because 
in the long term they won’t be the optimum solution for the 
energy crisis.

Unprecedented project. A project of such magnitude was the 
first of its kind. There were many regulatory, financial, techni-
cal hurdles to overcome, because there was no clear protocol 
to manage a project that never existed.

Enablers

Nearby factory. Spire Solar set up a manufacturing facility on 
Chicago’s West Side to support the local participating sites in 
Chicago with PV panels.

Open innovation. Solar project experts from Spire Solar worked 
in collaboration with the local government Commonwealth 
Edison (ComEd: the city’s privately held electricity provider) 
and organized labor. Such big collaborations between different 
parties in Chicago made the Chicago green project real and 
successful [23].

Business model. Spire solar Chicago adopted a successful 
business model to mitigate the risks of being first entrants in 
the region where it had agreements on guaranteed purchases 
of its products from the city and ComEd.
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Photovoltaic Incentive Program (PIP). In an attempt to en-
courage the wide installation of PV in Chicago, ComEd, in 
partnership with Spire Solar Chicago, offered local residents 
a rebate on the installation of PV in residential or commer-
cial buildings, in addition to other governmental incentives on 
newly installed PV.

Impact

Financial. Spire solar BIPV reduces the cost of integrating 
conventional PV by offsetting the costs of the replaced con-
struction materials.

Economical. The Chicago solar project didn’t only reme-
diate brownfields into Brightfields, it also created new job 
opportunities due to the new established Spire Solar facil-
ity on a Brightfield. In addition, the produced solar systems 
could generate revenues that can be used to remediate other 
brownfields.

Social. The project was so enormous and successful that it 
served to increase the public awareness about solar energy and 
its benefits, in addition to many cities working on replicating 
Chicago’s solar initiative.

LEED certificate. One of the participating buildings in the 
Chicago project is the Chicago Center for Green Technology, 
which was awarded the U.S. green building council LEED 
platinum rating for its rooftop PV installations.

What’s Next?

Chicago’s commitment to its green initiative in partnership 
with Spire Solar will help the company achieve 25 % reduc-
tion in carbon emissions by 2020 and 80 % by 2050 [26].
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 ROYAL DSM KHEPRICOAT
Capture more sun. Break a record.

 

A new anti-reflective coating that can reduce solar energy losses 
helped an innovative solar energy module break a record.

•

•

•

Innovation

A nanoporous coating where the pores are in a closed system protecting the
nanomaterials’ features against hydrolysis, dust, and even extreme weather
conditions.

Nanotechnolog
y

KhepriCoat’s anti-reflective glass coating is a thin nanoporous coating layer 
100−150 nm that is applied to the cover glass of solar modules (PV and solar 
thermal modules) to decrease the reflection of sunlight [27]. The nanoporous 
coating is made of core shell particles that have a polymer core and silica 
based shell. The particles are bound together by modified silica binder. When 
the coating is applied on glass, the binder forms a solid network, and upon 
thermal treatment, the polymeric core is removed leaving high internal 
porosity [28].

Results

The Norwegian companies Renewable Energy Corporation (REC) and Energy
Research Centre of the Netherlands (ECN) applied KhepriCoat to develop the
world’s first multicrystalline solar panel to achieve 17 % conversion efficiency,
which was tested under standard European testings done by the European Solar
Test Installation [29].
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Drivers

Demand pull. The global demand for sustainable energies is 
increasing as solar systems become the primary focus.

Energy crisis. More efficient solar systems will make critical 
contributions to solving the energy crisis.

Government push. Governmental and public pressures are 
forcing companies to work hard on improving the cost- 
performance ratio of solar modules.

Competitive market. Solar energy companies are continuously 
competing to break a record and improve the solar conversion 
efficiencies of their solar energy modules.

Barriers

Overcome cost barriers. Solar panels are still an expensive 
technology as anti-reflective coatings need to be single layer 
to remain cost effective. Therefore, premium price has to be 
justified by optimum efficiency.

Successful integration. KhepriCoat is not one fit for all so-
lar panels; its successful integration with REC and ECN solar 
panels was a challenge.

Technical conflict. It is particularly challenging to solve the 
tradeoff between optical and mechanical performance of anti- 
reflective coatings (AR) because conventional AR coatings 
are made of silica nanoparticles bound together by a binder 
with spaces in between acting as nanopores. Too much of the 
binder reduces the nanoporosity and compromises the optical 
performance. On the other hand, too little binder compromises 
the mechanical performance [28].

Enablers
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Competence enhancing. The antireflective coating can be ap-
plied by a range of conventional deposition techniques, thus, 
eliminating the need for totally new machinery.

Dedicated partner. Long before the record achievement, ECN 
had been interested to work with DSM to explore the potential 
added value of its new anti-reflective coating.

Controllable features. The coating thickness and optical prop-
erty can be tailored according to the spectral features of the 
newly developed solar modules.

Impact

Global record. The coatings showed significant contributions 
in improving the energy output from REC and ECN multic-
rystalline solar photovoltaic (PV) panels. They were the first 
panels in the world to achieve 17 % conversion efficiency.

Operational. The light transmission of coated solar modules 
increased up to 4 %, thus increasing their cost efficiency, and 
reducing the costs of the energy itself [30].

Certification. Solar modules coated with the innovative nanopo-
rous coating could meet the standard durability criteria and re-
ceive Technischer Überwachungsverein (TÜV) certification [28].

What’s Next?

Royal DSM is currently involved in developing long-lasting 
anti-soiling coatings to reduce the maintenance required for 
optimal module productivity, and for anti-reflective coatings 
specifically designed for thin film applications. Moreover, 
Royal DSM opened a manufacturing plant in Chemelot in the 
Netherlands for its patented Khepricoat to meet the growing 
needs of the solar modules market.

 PHOENIX MOTORS
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Plug in: Recharge your car in less than 10 min!

 

California based Phoenix motors uses Altairnano’s nanosafe batteries 
in its electric vehicles.

Innovation

• Conventional lithium ion batteries (LIB) use graphite which decomposes by
time. Altairnano replaced graphite with a patented nanomaterial that resists
the decomposition process.

Nanotechnology

• The company used nanostructured lithium titanate: It has a large surface area 
to facilitate electric-charge transfer.

Results

• Premier fleet companies in California demanded orders for over 500
Nanosafe Phoenix powered electric vehicles on the first year of their
introduction, creating a huge potential for the future of these vehicles in the
US market.

 

Drivers
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Technology push. Nanotechnology can have a great contribution 
in improving the performance and durability of conventional 
LIB and reducing their manufacturing costs.

Regulatory push. The state of California launched the Zero 
Emission Vehicle program (ZEV) to reduce the increasing air 
pollution. The program enforces auto manufacturers to produce 
a certain percentage of zero emission vehicles as electric and 
hybrid vehicles.

Economic concerns. The US government is encouraging the 
widespread introduction of high performance electric cars 
 because of the high dependence of the state on foreign oil and 
the rising oil prices.

Barriers

Limited capacity. The initial numbers of launched Phoenix cars 
is limited by the limited manufacturing capacity of Altairnano 
which translates into slow cash flow which is needed to  
expand its manufacturing capacity.

Public misconception. The public perceives the electric vehi-
cles as low performance ones compared to gasoline vehicles. 
This slows down the wide market adoption rate of electric 
 vehicles.

Technology expenses. Although LIB are the perfect chemistry 
batteries for transportation vehicles, they are also the most 
expensive in terms of their development and improvement.

Enablers

Marketing strategy. The state of California has more than 
200,000 fleet vehicles, thus Phoenix attempted to initially target 
the growing fleet vehicles market in California.
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Premium partner. Altairnano is one of the top nanotechnology 
companies that has spent several years working to improve 
the performance of LIB and has, successfully, been the first to 
replace graphite with nanotitanate.

Unmet market needs. Phoenix spotted an excellent opportuni-
ty to play a leading role in developing high performance elec-
tric cars in a market that is at its infancy and that has a strong 
potential to grow.

Impact

Green leader. With Nanosafe technology, Phoenix SUV 
and SUT electric vehicles have been capable of meeting 
California’s Type III ZEV requirements.

High performance. The nanotechnology implemented in 
Nanosafe batteries produced high performance vehicles that 
can be recharged in less than 10 min using a 480 V circuit 
compared to several hours in conventional electric vehicles.

Market expansion. Phoenix’s high performance electric vehi-
cles attracted deals from outside California where the state of 
Hawaii signed deals to introduce the Phoenix electric vehicles 
into its market in an attempt to secure an increased depend-
ence on renewable energy.

What’s Next?

Market acceptance of electric vehicles is increasing in the US 
especially that nanotechnology advances can potentially en-
hance the performance cost aspects. Therefore, strategies are 
investigated to create a network of high power electric outlets 
to facilitate long journeys by electric vehicles.
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Chapter 5
Environment and Remediation 

Applications

Environmental pollution is an increasingly alarming issue that has 
recently drawn a lot of attention. Pollution has resulted in the out-
break of a lot of diseases including cancers, Alzheimer’s, chronic lung 
allergies and numerous infectious diseases worldwide. It has resulted 
in the loss of a lot of ecosystems and in the depletion of biodiversity 
with the extinction of a great number of species of plants, insects and 
animals. Pollution has also resulted in the global warming effect with 
significant effects on the weather and worldwide climate. This has 
lead scientists to develop recycling, remediation and environment 
cleaning methods to help reduce such disastrous environmental 
effects. Since nanotechnology is a new and fascinating technology 
that offers small size, low cost and high efficiency, it has drawn atten-
tion to its potential usefulness in the fields of pollutant sensing, reme-
diation, contaminant removals and recycling. Many companies have 
designed nanomaterials or nanotechnological processes that offer 
more efficient environmental solutions than conventional processes 
and have succeeded in reaching worldwide markets and undertaking 
global remediation projects.

 Introduction
An increasing interest and a large amount of research in remediation 
and environmental cleanup has been emerging around the world in 
the past few years. In 2009, the American Recovery and Reinvestment 
Act allocated approximately 1 billion dollars to the US Environmental 
Protection Agency to be spent on remediation projects [1]. The use 
of nanotechnology and nanomaterials in remediation has drawn a lot 
of attention in the past 5 years due to their small size, large surface 
area, high selectivity and reduced cost. According to a report by the 
European NanoRem project, there are about 70 nanoremediation 
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projects worldwide and the number is increasing [2]. Nanotechnology 
is of use in environmental cleanup in three key areas including: 
environmental sensing and monitoring (including air, water and 
soil), nanoremediation and contaminant removal as well as pollution 
prevention (by helping to make sustainable or environmentally 
green products) [3, 4]. Sensoring and monitoring include solid state 
gas sensoring for quick real time detection of contaminants in air. 
These are usually made of thin films of metal oxide nanocrystals that 
are much cheaper than ordinary detection methods [5]. Nanosensors 
for water monitoring have also been designed that are capable of 
detection limits of less than a μg/L capable of detecting a variety of 
compounds including antibiotics, hormones, pesticides, metals and 
many other contaminants [6]. In remediation, the use of very small 
nanosized materials that can adsorb or degrade contaminants are 
injected in the contamination site where it performs its decontami-
nation function in situ giving it an advantage over the conventional 
remediation methods.

Cases
 NANOSTRUCK, INC.

Gold from wastes!
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Nanostruck was able to device a new method of recovering metals 
from wastes.

•

•

•

Innovatxion

New recovery methods for platinum, gold, silver, uranium and other precious
metals from mining wastewater to prevent it from seeping to drinking water.

Nanotechnology

Nanostructured copolymer molecular sponges made from naturally occurring 
polymers like chitosan are programmed to filter and extract such metals as 
gold, platinum and many other metals using physio-mechanical capture 
principles.

Results

This technology has enabled the efficient and economic removal of toxic
pollutants in the wastewaters of many mining processes enabling the reuse of
water in agriculture and irrigation as well as household and drinking water. In
addition, the Nanomet® technology has allowed the efficient collection and
isolation of precious metals that can be recycled for reuse in the various
industrial purposes. This has made NanoStruck Inc. an important cooperator of
some of the largest sanitation projects around the globe as well as aiding it in
coordinating with several industries to help them recycle and reuse their
byproducts.

 

Drivers

Global water shortage problems. The world’s population is in 
constant growth predicted to reach 6.3 billion people in 2050 
[7]. This signifies an alarming increase in demand for water for 
agriculture, domestic and, more importantly, drinking water. 
Presently, 64 billion cubic meters of fresh water are being con-
sumed yearly according to the World Water Development Report 
in 2014 [8] and in many areas, there are water shortages due to 
polluted and/or dried up rivers resulting from climate changes.

The worldwide contamination of waters especially in urban-
ized areas. Urbanization and industrialization has led to in-
creasing pollution levels in air and water with heavy metals. 
The increased pollution levels in water due to wastewater dis-
posal in rivers or underground without treatment has caused the 
spreading of diseases and toxicity incidents among the people 
which has driven a lot of countries to set regulations as to the 
treatment of waste waters from factories before disposal [9].

The high cost of other conventional remediation meth-
ods. Nanoremediation offers cost solutions lower than the 
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 conventional remediation methods for three main reasons. One 
is that they allow in situ treatment without the need to pump 
the water from its site to be treated elsewhere in a plant. The 
second is that the small size enables them to be added to the 
wastewater site. Thirdly their large reacting surface areas en-
able the accomplishment of the decontamination job for much 
less material than that used in conventional methods [10].

The need to secure long-term precious metal resource avail-
ability. Precious metals are rare and have high value stored in 
them. Gold for example is used to balance the economies of 
many countries. The saving of leached precious metals and 
their reuse can help save a lot of costs lost in several manufac-
turing processes.

Barriers

Complexity of the technology. The designing and making of na-
nomaterials is a complex process that requires a lot of expertise 
which is difficult to find as this is still a new and young science.

Safety of the nanomaterials used. The exact toxicity profiles 
of nanomaterials have not been fully developed yet; how they 
interact with human cells, whether they are carcinogenic and 
their interaction with other soil and environment components 
to form toxic products [11].

Clumping of nanomaterials. A disadvantage of such small 
sized materials is that they have high surface energy due to 
their size and large surface area which makes them more sus-
ceptible to clumping and reducing the efficiency of distribut-
ing them in treatment sites [12].

Lack of supporting and regulatory laws. Due to the still young 
science of nanotechnology as well as the lack of sufficient test-
ing regarding the safety of the use of nanomaterials and the 
presence of many contradictory reports, the development of 
government and other regulatory policies has not been fully 
established yet in most countries [13].
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Enablers

R&D. Nanostruck, Inc. has carried research in the field of 
nanoremediation for several years and has acquired several 
patented technologies and products including sand filter, cen-
trifugal separator, electronic precipitator, cleaning universal 
strainer, chitosan nano copolymers, mine dam water treat-
ment, nanosan toilets, landfill leachate process and extraction 
of gold and other metals. It has collaborated with high caliber 
scientists in the University of Saskatchewan in Canada to be 
able to produce successful nanoproducts.

A successful cost efficient product. The Company uses the 
Environmental Protection Agency (EPA) and World Health 
Organization (WHO) guidelines as standards for water quality 
and safety when designing its nanoremediation products.

Impact

Used by many water and sewage treatment plants. Due to its 
cost effective product, Nanostruck technologies has been in-
corporated in several plants in Canada and Mexico.

Being involved in the precious metal recovery project in South 
Africa. The company built a plant in South Africa to recycle 
precious metals.

Using the technology to create household sanitation plat-
forms that can be used in rural areas. Using its technology, 
Nanostruck was capable of making a sanitation system for use 
in homes in rural areas at low cost for the ordinary end user.

What’s Next?

Using its new and successful technology, the company is ne-
gotiating over large sanitation projects in South Africa as well 
as joining other industries, like jewelry manufacturers, to help 
them recycle and reuse any leached gold or platinum in their 
manufacturing processes.

Cases
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 HYPERCAT ACP™
Emission reduction.

 

Hypercat devised a new sponge that degrades emissions.

•

•

•

Innovation

New cheaper and more efficient emission control catalysts for engines and
generators with less use of Platinum Group Metals ( PGM) such as ruthenium,
rhodium, palladium, osmium, iridium, and platinum.

Nanotechnology

Nanoceramic composites and nanoalloys in the forms of filters, foams, 
sponges or just substrates in which nanoparticles of noble metals like 
platinum or palladium are immobilized in a similar manner as shown in Fig. 
5.1 are designed with specialized properties to act as catalysts for degrading 
compounds in emissions of engines and generators.

Results

It was capable of fabricating efficient catalysts that are much cheaper and
more efficient than conventional ones and that can be designed to fit a variety
of shapes and sizes. Such catalysts are capable of removing three times more
harmful nitric oxide gas than the conventional catalysts.
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Drivers

Air pollution-major environmental problem. According to 
the Blacksmith Institute report [14]: World’s Worst Polluted 
Places, air pollution is listed as the most toxic and worst pollu-
tion problem. Additionally, the world health organization [15] 
reported that air pollution has caused the death of 7 million 
people around the globe in 2012.

The low efficiency and high cost of conventional catalytic con-
verters to remove nitric oxide. In the nanosize, range materials 
have a much larger reactive surface area than those not in the 
nano scale making them more efficient in catalysis while, at 
the same time, using less material than if they were in their big 
size [16].

Spreading of lung diseases and other pollution related dis-
eases. Recently, a lot of research has been carried out on the 
effects of air pollution on populations and their health. 

Fig. 5.1 Pd immobilized in Cordierite (Magnesium Iron Aluminium Cyclosilicate) 
ceramic Sponge
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It was found that air pollution was associated with lung,  
cardiovascular, neural diseases and that it was associated 
with mortality, hospital admissions and malformation of 
children at birth [17].

The new direction of the auto industry. The automotive indus-
try has changed its strategic direction along the past few years 
switching to more sustainable and greener fuel options as seen 
by the immense research put by these companies to make the 
hybrid fuel cells, hydrogen cells and the electric car.

Reduction of emission suffocating odors. Not only are the 
fumes produced by combustion harmful and contribute to pol-
lution, but also they reek.

Barriers

Research and development. The use of nanotechnology and 
the accurate custom design of the catalytic converter in the 
right way to fit its purpose are challenging barriers. The com-
pany, however, has built experience since 2005 in the art of 
making nanocatalysts and designing the catalytic converters. 
It utilizes the help of chemists as well as mechanical engineers 
to get its job done as well as allocating a 9000 square foot fa-
cility just for research.

The probability of catalysts to become deactivated at high 
temperature and lose their functions. Complexing and immo-
bilization of the nanoparticle catalysts in a composite helps to 
protect them against the actions of high temperature.

Enablers

Global and governmental restrictions on emissions. Strict 
regulations concerning emissions from factories, power 
plants and automotives have been set by the Environmental 
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Protection Agency (EPA) through the Clean Air Act regulating  
the emissions of oxides-of-nitrogen (NOx), oxides-of-sul-
fur (SOx) emissions, heavy metals (Hg, etc.) and carbon  
dioxide [18].

The advancement of technology in catalysis especially nano-
catalysis. The advancing technologies in surface chemistry 
and nanocatalysis has enabled the formation of emission con-
trol catalysts with greater efficiency and lower cost [19].

Impact

A cost efficient product that helped the company reach a vari-
ety of sectors including the air and climate, energy, food and 
beverage, manufacturing, oil, gas and refineries and print-
ing industries. In coffee manufacturing, overwhelming odors 
are released which has driven several companies to use the 
Hypercat technology as it is capable of removing volatile or-
ganic compounds. The production of suffocating odors has 
brought a lot of trouble to manufacturers, so much so that they 
were threatened to be shut down by governments; Sriracha 
Plant in Southern California is a relevant example [19].

Making joint venture with big companies like Nanostellar, 
Inc. Nanostellar, Inc.: a large manufacturing company mak-
ing  materials for NASA was lured by Hypercat expertise in 
catalytic emissions control and its products to join venture 
with it.

What’s Next?

Hypercat ACP has a future potential through reaching out to 
various large global companies like car companies and those 
who are interested in sustainable and environmentally friendly 
emissions to sell them its technology.
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 NANO ENGINEERED APPLICATIONS, INC.
A smelling nose chip!

 

Nano Engineered Applications devised a novel gas sensor.

Innovation

• A tiny gas sensor in the form of a chip that allows real-time detection of several
chemicals in the air at very low concentrations (at the parts-per-billion (ppb)
level) without needing too much battery power.

Nanotechnology

• Carbon nanotubes are used on the chips that are functionalized with different 
sensing molecules, which is specific to different chemicals, allowing the 
simultaneous detection of these chemicals.

Results

• Nano Engineered Applications, Inc. is continuously developing a device of
important applications in the agriculture (to detect pesticides), industry (gas
leaks, combustion emissions), homeland security (bioterrorism) and the
military fields (to detect chemical warfare agents). It can also be used for Air
Quality Monitoring, Indoor and Outdoor Public Health Monitoring, Food
Safety and Food Supply Chain Monitoring and even in early disease detection.

 

Drivers

The need to monitor potentially hazardous gases. Potentially 
hazardous gases are continuously produced across a wide 
range of fields and industries including factories, combustion 
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processes, household processes producing gases such as meth-
ane, carbon monoxide and carbon dioxide. The harmful effect 
of these gases on the human health have become widely known 
and discovered.

The need for lightweight sensors that can be incorporated in 
an application without too many overheads. The availability 
of small sensors that can be incorporated into processes with-
out changing their whole architecture is extremely necessary.

Rapid and real-time sensing to enable monitoring of process-
es. Old conventional sensors did not have real time sensing as 
with the new ones that can sense several molecules simultane-
ously and send signals as they sense their presence or absence.

The need for low power detection systems. The development of 
detection systems that require low battery power has  enabled 
such detectors to be used remotely for a long time without 
needing replacement.

Barriers

Research and development. The research and experience re-
quired to design such small sensors.

The cost of fabricating such sensors with high technology. 
Technologies such as aligning carbon nanotubes or the design-
ing of solid state electric sensing using nanomaterials are ex-
pensive processes and would require high initial costs.

Enablers

Partnerships and collaborations. Nano Engineered 
Applications, Inc. is a part of ieCrowd™ Company, an innova-
tion company built to foster new technologies to boost economy 
and used to raise funds. It also has the support of the University 
of California, Riverside and National Institutes of Health.

Research experience. The company is formed of a group of 
scientists who are experienced in solid state electrical sensing 
at the University of California.

Cases



98

Impact

Competitive products in a new emerging market. Due to the 
company’s state of the art patent technology, it is capable of 
entering a still young market with a competitive product mak-
ing it a first mover and enabling it to monopolize the market 
later on.

What’s Next?

The next step for the company with its state of the art products 
would be to commercialize the products globally and use such 
sensors to be incorporated in wearable or handheld mobile 
 devices such as wireless health monitors and smart watches 
and to target an even wider consumer base.

 DAIS ANALYTIC CORPORATION: CONSERV™
An Energy Recovery Ventilation (ERV).

 

Dais Analytic designed a new ventilation nanocomposite system that 
allows better recovery of energy.
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Innovation

•Designing a new energy recovery ventilation system that reduces CO2 emissions in the
outside environment and is more efficient.

Nanotechnology

•The nanotechnology used is a highly hydrophilic nanocomposite polymer membrane 
(derived from sulfonation of styrene-containing block copolymers) that promotes ionic 
conductivity, transport of water (in the form of vapor) and exchange of energy along 
with the moisture in the form of latent heat.

Results

•Through using nanotechnology, Dais Analytic Corporation was capable of making a
more efficient heat exchange and energy recovery fixed plate ventilator. The
ConsERVTM ventilator allowed the exchange of 71% sensible heat (like other fixed
plate exchangers) and 64% latent heat through moisture exchange through the
hydrophilic nano-designed membrane (unlike other fixed plate exchangers).

 

Drivers

An increasing demand on energy due to the increasing popu-
lation. According to the Energy Information Administration 
[21], the world energy consumption will increase by 56 % 
between 2010 and 2040. This has lead countries around the 
globe to research ways to conserve energy and minimize its 
consumption. The energy recovery ventilator by Dais allows 
the treatment of the incoming air with the exhaust room air to 
maintain the heat inside and thus minimize energy usage.

Air pollution and global warming. It is well known that the 
release of CO2, CO and NOx from consumption of fossil fuels 
for heating pollute the air and are deleterious to the human 
health. Additionally, these gases, especially CO2, contribute 
to the greenhouse effect and global warming phenomenon. 
According to the Intergovernmental Panel on Climate Change 
(2014), it was reported that during the twenty-first century the 
temperature would rise a further 0.3–1.7 °C (0.5–3.1 °F) for 
their lowest emissions scenario using stringent mitigation and 
2.6–4.8 °C (4.7–8.6 °F) for their highest.
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The need for a robust, low maintenance air ventilation sys-
tem. The ConsERV™ ventilator is a fixed plate ventilator with 
no moving parts and less maintenance. It offers exchange of 
moisture in the form of vapor rather than water which prevents 
condensation, dripping and the growth of molds.

Barriers

Complexity of the technology. Fabricating an efficient energy 
recovery ventilator with nanotechnology is not an easy task. 
However, Dais’ extensive research in nanotechnological solu-
tions for a variety of applications has helped it gain expertise 
and a reliable background.

Competition from other energy recovery ventilators. Most 
ventilators depend on the transfer of sensible heat only, whereas 
the ConsERV ventilator introduces the transfer of latent heat 
with increased efficiency.

Enablers

Research experience. Dais Analytic has been in the field 
of nanotechnology research since 1999 and was listed in 
Florida as a nanotechnology polymer materials and processes  
company.

Collaborations. Due to its outstanding certified products and 
patented technologies, Dais was able to collaborate with the 
US Commerce in China for Clean Energy Solutions as well 
as the US Department of the Navy and the US Department of 
Energy.

Government grants and awards. Dais was granted an eco-
nomic incentive award by Pasco County to help it speed its 
progress in developing its nanotechnological solutions [22].

5 Environment and Remediation Applications



101

Impact

Dais Analytic has successfully managed to hold a strong product 
profile in the market featuring four main products: ConsERV™, 
NanoAir™, NanoClear™ and NanoCap™. Due to the compa-
ny’s state of art technology, it managed to reduce the costs for 
ventilation air by as much as 30 % and decrease the size of the 
equipment needed by more than 50 %.

What’s Next?

Dais can make additional energy conserving products using 
nanotechnology and incorporate other nanotechnologically 
enhanced features like filtration systems for different bacteria 
and pathogens to target different sectors of the market.

 GENANO®

Pure nano free air.

 

Genano has devised a new air purification system that uses ions to kill 
any microbes in the air.
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•

•

•

Innovation

New high efficiency air purification system that is capable of purifying air
from nanosized microbes, viruses and other nanoparticles.

Nanotechnology

Genano® uses a jet of ions to cause any nanoparticles in the air like bacteria 
or viruses to stick to adsorbing plates. It also uses carbon nanofilters for 
removing volatile organic compounds and other odors.

Results

The technology is able to remove microbes, gases, odors, DNA and
nanoparticles up to 3 nm in size.

 

Drivers

Increasing epidemic diseases like MERS and Ebola viruses. 
Epidemic disease outbreaks occur every now and then 
in  different areas around the globe e.g. The Middle East 
Respiratory Disease (MERS) in Saudi Arabia and Ebola virus 
in West Africa in 2014.

Critical hospital areas like the operation room and the ICU 
that require purified air. The air in operation and ICU rooms 
should be exceptionally clean to avoid contaminations during 
surgery and spread of nosocomial infections that can be 
hazardous to immunologically compromised patients.

HEPA and ULPA filters do not destroy microbes. These filters 
are not capable of killing the pathogens they trap. Changing 
these filters is exceedingly hazardous that it requires the 
evacuation of the rooms for maintenance to take place. Such 
filters can remove particles as small as 300 nm but not any-
thing below.
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Need for pure air in laboratories to avoid contaminations of 
tests. In laboratories, especially microbiological and DNA 
labs, any contamination would entirely alter the results of 
researches. This necessitates a certain clean air grade.

Air pollution. With the increasing number of populations, 
number of vehicles and factories, the level of air pollution has 
been increasing greatly especially in urbanized areas. Such air 
pollution has drastic effects on the human health including 
respiratory diseases and cancer.

Increasing sick building syndrome. Nowadays, we spend a lot 
of time indoors on computers or in front of the television. This 
causes us to inhale the same unventilated air in the room which 
usually contains contaminants from furniture, rugs, microbes 
and moisture-causing products. This induces the development 
of illnesses such as fatigue and allergies.

Removal of welding fumes and metal processing emissions in 
industries. In factories, welding and other processes release 
tiny nanoparticles in the air that, if inhaled by workers, can 
trigger cancer. This entails an efficient removal system.

Barriers

Maintenance. The maintenance of such a high technology air 
purifier would present a major barrier to the customer buying 
the purifier. However, the Genano® purifier offers a no-filter 
change system that cleans itself through a special washing flu-
id that is filled in the purifier and the discharged fluids thrown 
away. It also provides an extensive support and maintenance 
network all around the globe.

Safety. There have been published reports that any air ionizer 
would create ozone which is harmful to human health espe-
cially in non-ventilated areas [23].
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Enablers

Long time experience. Genano has been working in the air 
purification field since 1998 and has been developing and 
researching new decontamination methods. This allows it to 
build a strong base of knowledge and experience, patents, re-
sources, technologies and well developed infrastructure.

Published research results by neutral testing facilities and 
certifications. The air purification system was tested by a 
number of independent bodies to prove its efficacy includ-
ing Metropolilab, VTT Technical Research Centre, Institute 
of Occupational Health and Epitek Oy for Heating and Air-
conditioning in Finland, Ministry of Health in Saudi Arabia 
and Istanbul University in Turkey.

Major projects. Genano® was involved in combating the MERS 
that spread in Saudi Arabia in 2012. Its product was installed 
in a number of hospitals and helped reduce the spread of the 
illness in the hospitals. The Saudi Arabian Ministry of Health 
recommended it for installation in the country’s  hospitals as 
well. Genano was also involved with Finnzymes Laboratories, 
part of Thermo Fisher Scientific, to build ISO class 6–7 clean-
rooms efficiently, rapidly and at a low cost.

Collaborations. Genano has collaborations with universi-
ties and research institutes including: the Finnish Institute of 
Occupational Health, Ositum, VTT Finland, the KM University 
of Poland, SGS Germany, Greifswald Institute Germany, LNE 
France, VITO Belgium, and KF in Saudi Arabia.

Impact

Due to the high quality of its filters, it is recommended by the 
Ministry of Health for hospitals and laboratories.

What’s Next?

Genano can make small sized models that can be used inside 
transportations like trains, cars and subways.
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 SELDON TECHNOLOGIES, INC.
Nanomesh filter.

 

Seldon made a nanopore filter for removing viruses and other nanopar-
ticles from drinking water.

Innovation

• An enhanced water filtration system that can convert any sort of water to clean
soft drinking water at an affordable price.

Nanotechnology

• Nanomesh is made up of fused, nano-structured, nonwoven material that 
combines functionalized carbon nanotubes, activated carbon, and fibers within 
a supporting substrate sheet material. Using the enormous surface area created 
by the carbon nanotube-based Nanomesh, it combines size-exclusion filtration 
and advanced adsorption capabilities resulting in a simple, flow-through filter 
that maximizes purification at low-pressure drops.

Results

• The technology has enabled Seldon’s filtration systems to remove bacteria,
viruses, and cysts, like Cryptosporidium and Giardia, and comply to the US
EPA Drinking Water Standards (99.9999 percent of bacteria, 99.99 percent of
viruses and 99.9 percent of cysts). Furthermore, it aided in reducing sediment,
total organic carbon, chlorine, color, bad taste, and odors as well as removing
significant levels of harmful chemical contaminants, including lead, cadmium,
organophosphates (pesticides and herbicides), disinfection byproducts, and
radioactive contaminants such as cesium-137.  
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Drivers

Polluted drinking water. Water pollution and contaminated 
drinking waters is an increasing global problem. Water pollu-
tion is one of the leading causes of death in the world killing 
more than 14,000 people daily [24]. Though the results of pol-
luted waters are more evident in developing countries (water 
borne diseases that cause the death of children), developed 
countries also suffer. In the United States, 47 % of lakes and 
45 % percent of streams are polluted.

Regulations concerning water disposal by factories and indus-
tries. The stringent regulations and fines that are imposed on 
the factories according to the Environment Protection Act forc-
es them to install water purification systems prior to disposal.

Barriers

The presence of other filtration systems. Seldon filters uses 
nanotechnology that enables efficient decontamination when 
compared to the conventional filtration systems. Its filters are 
capable of removing viruses as well as heavy metals, chlorine 
and odors. An added benefit to Seldon filters is that it makes 
the filtration systems customized and specialized to the con-
ditions they would be used in, i.e. there are filters for drastic 
conditions with low water pressure like in remote areas and 
there are filters for ordinary high pressure tap water.

Safety of using carbon nanotubes. There is still debate as 
to whether the use of nanomaterials in drinking water or food 
is safe.

Enablers

Extensive research. Seldon Technologies has been conducting 
research on the use of carbon nanotubes in filtration for 10 
years during which it gained experience and patents. It has a 
2500 square feet facility for research work.
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Extensive independent testing. The independent testing by 
parties other than the company has helped validate its fil-
ters. Being tested at independent facilities like the National 
Sanitation Foundation, University of New Hampshire, the in-
ternational government and military authorized institutes has 
enabled its products to be recognized.

Targeting several customer sectors. Seldon Technologies has 
customized its filters to be used by the military as a source of 
mobile water when they are in remote areas. It also designed 
filtration systems for humanitarian organizations by provid-
ing them with filtration systems that can withstand immensely 
challenging environments as well as being affordable. The 
company has also developed the WaterBox™ which is port-
able and can be used in urgent disastrous situations. It also de-
signed the WaterTap™ for household use. Moreover, Seldon 
developed the Waterstick™ Ultra: a small water filter with a 
hand pump used to deliver clean water for people who are bik-
ing or in remote areas.

Impact

Due to the cost effective and powerful purification system 
that it developed, Seldon Technologies was able to enter 
the American, African, European, Canadian, Australian and 
Chinese markets. It also received a certificate of compliance 
granted by the US Army Public Health Center and the National 
Sanitation Foundation.

What’s Next?

Using its patented technology and research facilities, Seldon 
Technologies can design filtration systems for other non-water 
applications like oil refinement.
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 ALUMINASTIC CORPORATION
Cheap functional nanocomposites from garbage.

 

New high-strength cheap nanocomposites of aluminum from recycled 
garbage were successfully manufactured by Aluminastic Corporation.

Innovation

•Making new, more ductile and stronger aluminum composites from recycled materials to
be used in many fields such as manufacturing, medical and aerospace applications.

Nanotechnology

•Aluminastic was capable of making aluminum nanocomposites with silicon and other 
materials as well as designing special extrusion equipment for shaping its composites.

Results

•Aluminastic, with its research capabilities and experience, was capable of making cheap
recycled nanostructured composites that are more ductile, stronger, more durable and
resistive to corrosion, more formable and show excellent finishes. The new composites
enable shaping with much lower extrusion force, at lower temperature and at a much
faster rate.

 

Drivers

Increasing garbage. As the population around the globe is increas-
ing, more garbage and wastes are being produced. This waste 
takes time to disintegrate, thus requiring ways of recycling it 
rather than disposing of it.
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Demand for recycling. The need for recycling has increased 
over the past years due to the increasing amount of waste (due 
to increasing population). Increased pollution awareness and 
increased rules and legislations are also needed. Governments 
have recently modified their own procurement policies to in-
crease their purchasing of recycled products over non- recycled 
ones. The Environment Protection Agency in the US has put 
rules to force the purchase of recycled paper, oil, building in-
sulation and tires.

Need for aluminum composites with better properties. 
Usually recycled aluminum is less ductile and of lower qual-
ity than the new one and there is always a need to make com-
posites and alloys that have higher and much better mechani-
cal properties.

Barriers

Technology. The art of recycling old aluminum products and 
strengthening them on the nanoscale requires very high tech-
nological processes and experience to avoid the segregation 
of the reinforcing material leading to loss of function and 
failure.

Standardization. A lot of composites, whether nanostructured 
or micro structured, are being developed and fabricated each 
day. However, there are no fixed standards or protocols for 
the evaluation of their performance. Despite that, Aluminastic 
are looking for ways to standardize and certify their pro-
cesses by applying to the National Institute of Standards and 
Technology, the American Society for Testing and Materials 
and the American Lightweight Materials Manufacturing 
Innovation Institute.

Technical difficulty. Although it is known that when silicon is 
added to aluminum it strengthens it, the process of dispersing 
the silicon in aluminum is a difficult one and is always subject 
to segregation.
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Enablers

Extensive experimentation. Aluminastic has been experiment-
ing for 12 years to reach the best desired results. It developed 
its own equipment, materials, procedures and software in the 
process. It has also acquired many patents in the process.

Testing by independent facilities. Through collaborations and 
agreements, Aluminastic was capable of testing its products 
at external entities. The products were tested at the Air Force 
Research Laboratory at Wright-Patterson AFB in Dayton, 
Ohio and were validated by Iowa Aluminum, Inc.

High performance product. Aluminastic was capable of mak-
ing high strength aluminum nanocomposites and of tailoring 
the properties of the final products to meet the applications they 
are destined for. The company also made more malleable, more 
ductile, harder, more wear resistant and lighter aluminum, all 
dependent on its customers’ needs.

Awards received and national recognition. It has received sev-
eral awards for its successful products and was nationally rec-
ognized by CNN for its environmentally green efforts.

Customization. Aluminastic’s processing and manufacturing 
methods allow it to make customized products to suit different 
applications including aerospace, medical, construction and 
industrial applications.

Impact

Due to the company’s outstanding performance, it was nation-
ally recognized and granted awards. Aluminastic was able to 
develop and customize a variety of products that can be em-
ployed in a number of industries.
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What’s Next?

The company will be seeking standardization of its products 
and certifications proving its efficiency in the market to in-
crease consumer acceptance and trust in its technologies and 
products.
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Chapter 6
Automotive Applications

The market for cars is rapidly growing: in 2008, it was forecasted to 
double by 2030. With the growth of the car industry, there are also 
growing negative impacts on the environment as cars are one of the 
main contributors to the globally rising carbon emissions. This chap-
ter discusses how simple nanomaterials could improve the perfor-
mances of car engines and at the same time conserve energy. 
Nanomaterials can be integrated into cars’ bodies, tires and engines or 
used in self-cleaning/self-healing coatings in car parts. The chapter 
further illustrates how several companies are investing hugely in 
research and development to add premium features to automobiles 
and at the same time gain bigger market shares in a market that is 
known to be highly competitive. The main challenges faced by car 
manufacturers from a different perspective and how nanotechnology 
helped them solve some of these challenges will also be tackled.

 Introduction
With the expanding global population, the car industry is also experienc-
ing a rapid increase in size and additional economic pressures. According 
to the United Nations, the market for cars could reach 1.5 billion by 
2030, which is approximately double the numbers in 2008 [1]. This ris-
ing industry is the second main contributor to the rising carbon emis-
sions worldwide, which is associated with a growing demand for safety 
and sustainable development. In addition, automotive companies are 
facing fierce competitions. All of these are driving factors for the com-
panies to invest hugely in R&D with nanotechnology as a premium 
solution for improving the materials and the performances in the auto-
motive industry. Moreover, automobile companies are currently adding 
nanofeatures to their cars to differentiate themselves in this highly com-
petitive market.
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The energy crisis is a global challenge facing the whole world. 
With emerging trends towards providing sustainable sources of 
energy, many governments are pressuring car manufacturers to con-
tinuously develop and abide by strict regulations that attempt to con-
serve energy and minimize the harmful environmental impacts 
associated with car manufacture and use. Nanotechnology in the auto-
motive industry proved to be a cost effective solution. Nanomaterials 
in car bodies rendered them lighter in weight, more durable, and 
cheaper. They are expected someday to even render cars self-healing! 
Moreover, the incorporation of nanoparticles in tires increased their 
lifetime and enhanced their wear resistance, which increased the 
safety of passengers. All of these would not only increase the effi-
ciency of engines and reduce fuel consumption, but also would 
improve the safety of passengers.

Notably, nanotechnology plays an important role in energy conser-
vation by providing more sustainable alternatives. Nanomaterials are 
incorporated in batteries to improve their performances and decrease 
fuel consumption and are extensively applied in the form of nanocata-
lysts to increase the efficiency of engines. This renders the current car 
market more efficient as well as more environmentally friendly. 
Extensive research is being undergone to replace conventional engines 
with fuel cells. These could come in the forms of polymer electrolyte 
membrane fuel cells or hydrogen fuel cells. Despite this, there are 
many complexities in their processing and manipulation that delays 
their wide application in automobiles. Likewise, solar cells are being 
researched to be integrated into car roofs to act as a clean efficient 
source of energy. Nanotechnology plays a key role in solving the 
complexities associated with the development of fuel and solar cells, 
which are regarded as the “Future Green Engines”.

It should be noted that, although nanomaterials could be more 
expensive, it was proved that in the automotive sector, nanomaterials’ 
benefits outweigh their risks. Additionally, cars are high in cost by 
nature yet passengers are almost always willing to pay more for 
enhanced performance or better technology. This accelerates the rapid 
development and application of nano-based materials and technolo-
gies in automobiles.
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Cases
 MERCEDES BENZ

An invisible NANO-network that resists scratches.

 

New automotive paints that meet the premium expectations of 
Mercedes Benz’ elite customers.

•

•

•

Innovation

A brilliant painting system that coats a car’s body to produce a protecting shield
against both scratches and chemical residues from air pollutants, moisture and
washing solutions.

Nanotechnology

Tiny silica nanoparticles that are tightly packed and cross-linked in an elastic 
organic binder forming a high strength and stiff network [1].

Results

The better gloss and increased scratch resistance enhanced the long term quality
and value retention of Mercedes Benz’ cars to the customers.

 

Cases
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Drivers

Vehicle numbers’ growth. According to the United Nations, 
the worldwide vehicle market is estimated to double from 750 
million in 2008 to 1 billion in 2030.

Highly competitive market. International competition drives 
companies to work hard and invest in new technologies that 
ensure the comfort, safety and eco-friendliness of future cars 
without compromising people’s livelihood.

Rapidly developing sector. The automotive industry is an ad-
vanced technology sector that is economically important and 
adopts new technologies early.

Barriers

Technical conflict. Usually scratch resistant materials are not 
resistant to chemicals and vice versa. Thus it was incredibly 
challenging to maintain both of these features in the same 
paintwork, a limitation which had hindered the development 
of clear lacquers till then.

Disruptive technology. The implementation of the technology 
in car body paints required multi-disciplinary experts to fulfill 
different requirements.

Long term uncertainty. New nanotechnology developments 
in the automotive sector are being rapidly adopted but have 
uncertain issues related to durability and environmental sus-
tainability.

Enablers

R&D. Mercedes Benz had the capabilities and resources to 
conduct 4 years of extensive R&D until it developed this in-
novation.
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High standards to meet. Mercedes Benz sets stringent stand-
ards and requirements to be met in all its car features including 
the painting systems of its car bodies.

Extensive testing. Mercedes Benz employed a long term test-
ing program that included more than 150 test cars that were 
subjected to everyday harsh conditions for several years. The 
results showed significant improvements.

Environmental friendliness. The base coats of painting sys-
tems meet Mercedes Benz’ quality and sustainability stand-
ards because they use 80 % less organic solvents than conven-
tional painting systems.

Impact

Threefold improvement. The cross-linked nanoscopic network 
system produced a threefold improvement in the scratch re-
sistance of the paintwork compared to conventional paint.

Durable gloss. Although the technology is based on an invis-
ible nanoscopic feature, it visibly enhanced gloss by 40 % over 
a long period of time.

Accreditation. Mercedes-Benz is the world’s first vehicle man-
ufacturer to offer this scratch-resistant clear lacquer. This fea-
ture is one of the features that supported Mercedes Benz’ SL 
class to be certified by the South German Technical Inspection 
Authority (TÜV Süd) in 2005 with the Environmental 
Certificate in accordance with the ISO TR 14062 standard [2].

Dual compatibility. The New technology is compatible with 
both metallic and nonmetallic body finishes.

What’s Next?

Manipulating the functional properties of materials at this 
 nano-scale provides a huge potential for Mercedes Benz’ scien-
tists to enhance and modify materials in other areas of the auto-
motive industry such as nano-structured dirt deflecting wheels.

Cases
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 BRIDGESTONE
Green tires that roll faster and save the planet.

 

Bridgestone employs nanotechnology in its tires to produce sustain-
able high performance tires.

Innovation

•Bridgestone utilizes a proprietary nano-polymeric compound to increase the
homogeneous distribution of silica in rubber and, consequently, reduce rubber stiffness
which reduces the rolling resistance.

Nanotechnology

•Nano-polymeric particles. Such nanoparticles are homogeneously distributed to ensure 
tighter bonds between the different materials used to make the tire.

Results

•The newly developed state of the art materials and technologies enabled Bridgestone to
develop tires that offer a successful balance between environmental friendliness and
safety through enhancing the wet grip performance (ease of stopping on wet roads).

 

Drivers

Regulatory push. The new EU tire label is forcing strict automo-
tive standards for safety, durability and noise which is driving 
tire manufacturers to develop more efficient and ecologically 
compatible tires.
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Economy. Rising fuel prices, combined with the increased 
pressures on personal income by the global financial crisis, 
have increased the need for fuel efficient safe tires.

Raw materials. The recent steep rise in natural and synthetic 
rubber prices has driven the need for discovering and developing 
cheaper sustainable alternatives.

Barriers

Safety issues. Environmental and health safety concerns 
regarding the potential release of nanomaterials in the envi-
ronment as a result of tire abrasion or disposal were some of 
the main limitations.

Technical issues. Achieving good dispersion of silica in rubber 
for optimum chemical interaction and performance was a 
great challenge.

Misconception. Public and customer misconception that the 
low rolling resistance feature in tires could compromise the 
tire’s durability and performance in other areas, even if it 
provides better fuel efficiency.

Needless investment. Open book contracts (in which buyers 
and transport providers agree on a fixed operational margin 
in response to increases in fuel prices) can wholly or partially 
shield operators from the increases in fuel prices and thus 
reduce the incentive for investing in fuel efficient tires.

Enablers

EU tire label. The new EU tire label increased public aware-
ness about sustainability in tires, thus consumers can identify 
and distinguish greener, higher performance tires. Furtherly, 
tire manufacturers are competing more viciously to achieve 
higher sustainability standards in their tires.
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Market size. Rubber tires are by far one of the biggest commer-
cial markets for nanomaterials and, according to Continental, 
green tires take up about 1/3 of sales [3].

R&D and sustainability. Bridgestone is one of the biggest 
firms investing in the R&D of tires to produce innovative sus-
tainable solutions; its newly developed tires are being fabri-
cated with 5 % recycled rubber from old used tires.

Rate of adoption. Innovative green tires penetrate faster in 
premium expensive car markets where they constitute around 
20 % of a mature market as price sensitivity is lower [4].

Impact

Better performance. Bridgestone was able to achieve a 12 % 
improvement in rolling resistance without sacrificing the 
high performance levels of durability, wet safety and wear  
resistance.

Environmental. The new tires increased added value to the 
consumers and the environment by reducing both fuel con-
sumption (by up to 5 %) and carbon emissions.

Recyclability. Nanomaterials reduced or replaced heavy mate-
rials in tires resulting in lower weight tires and increased their 
chances of recycling.

What’s Next?

Nanomaterials in tires have great potential to serve the grow-
ing demand in the car industry (expected to double by 2020) 
which cannot be met through current production methods and 
materials that rely on petrochemicals.
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 UMICORE’S CAR EXHAUST
Keep the air clean and make money.

 

Umicore has a successful whole established business unit focused on 
reducing and cleaning car exhaust.

Innovation

• Innovative processes that can control the fine and homogeneous distribution
of nanocatalysts to obtain better catalytic effect per gram of precious metals
and save valuable resources.

Nanotechnology

• Catalytic nanoparticles have a huge surface-to-volume ratio that provides the 
surface needed for accelerating and catalyzing slow chemical reactions.

Results

• Umicore’s long and successful investment in nano-catalysis helped it utilize
an excellent opportunity to expand its business in new markets.

 

Cases



122

Drivers

Regulatory push. Increasingly stringent emission regulations, 
not just in the European Union or North America, but also in 
Asia and China, put heavy pressures on the automotive indus-
try to foster and lead technological developments in reducing 
car exhaust emissions.

Big chance in emerging markets. Umicore is not a main play-
er (third position) in emerging markets (India and Russia), 
therefore, it has a great potential for growth in these markets 
through competitive technological advantage, especially that 
Asia is working to catch up with the stringent legislation re-
garding car exhaust emissions.

Company strategy. “Clean air is our business.” The compa-
ny is following a strategy to develop innovative solutions for 
cleaner air with 80 % of Umicore’s R&D investments being 
utilized in the clean technology research domain [5].

Barriers

Shortage of resources. Although three-way catalysts efficient-
ly reduce carbon monoxide, non-methane hydrocarbons and 
NOx emissions, they are not entirely sustainable products. 
They contain significant amounts of platinum group metals—
platinum, palladium and rhodium—which mostly come from 
mines in Russia and South Africa, rare earth metals, most of 
which are mined in China and can be hard to get hold of due to 
Chinese export bans and zirconium oxide. All such materials 
are highly expensive and not abundant [6].

Regulatory upset. Despite the EU’s End of Life Vehicles direc-
tive introduced in 2000 to reduce waste from passenger cars 
and light commercial vehicles by increasing material and com-
ponent reuse, recycling and recovery, the recycling rates of the 
metals in these catalysts are still low (less than 35 %) [7].

6 Automotive Applications



123

Heavy consumption in one application. 82 % of the world’s 
production of the noble metal rhodium, 51 % of the produc-
tion of palladium, and 19 % of the rare earth metal cerium are 
presently used for the production of three-way catalysts for 
purifying exhaust gases of gasoline vehicles. Thus, the current 
consumption of such elements in car exhaust catalysis com-
promises their implementation in other useful areas like fuel 
cells, medicine and sensors [6].

Enablers

A tier company. Umicore is one of the three world leaders in 
automotive catalysts with a 30 % market share in the light duty 
market (passenger cars).

Sustainable act. Umicore is following a sustainable strategy to 
save valuable resources of precious metals from depletion by 
recovering them from the disposed automotive catalysts in one 
of the largest recycling facilities: Precious Metals Refining.

R&D. Around 7–10 % of the revenues of Umicore’s nanocata-
lyst business is used to fund the company’s R&D. Umicore 
has five R&D and test centers and one in every six of its em-
ployees works in the Research department.

NANOfutures initiative. Umicore is a member of the European 
NANOfutures initiative that coordinates the societal needs 
and impact of nanotechnology through integrating a network 
of reputable enterprises [5].

Impact

Cleaner exhaust. The nanocatalysts reduce carbon monoxide 
and nitrogen dioxide content in vehicle exhaust by 95 % [8].

New businesses. Umicore’s long term expertise in developing 
and manipulating the nano fine distribution of catalysts gave 
it a strong competence in the fields of hydrogen and fuel cells, 
which are more environmentally friendly and are considered 
to be the future sources of energy.
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New markets. Driven by the successful technology and the 
continuous growth in car markets in China (and consequently 
more stringent emission regulations), Umicore opened a sec-
ond plant in China to encourage innovations in the automotive 
industry.

What’s Next?

A research team in Umicore Hanau, Germany is using com-
puter simulations to study the correlations between the chemi-
cal properties of catalytic materials and their behavior in an at-
tempt to develop catalysts with significantly reduced amounts 
of precious metals and to optimize their performances to meet 
the stringent emission regulations [6].

 MILLERS OILS
Tiny soccer balls in automotive oils!

 

Millers oils developed a fuel efficient formula for engine and gearbox 
oils based on spherical nanoparticles.
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•

•

•

Innovation

The nanospheres in Millers oils have large surface areas which migrate and
stick to lubricated components acting as billions of ball bearings. They also
fill the gaps in microscopic asperities (unevenness like microscopic peaks and
valleys) on metallic surfaces [9].

Nanotechnology

Buckyballs are nanospheres of fullerenes comprised of 60 atoms. They are 
surrounded by spherical carbon layers. The concentric carbon layers exfoliate 
under pressure creating a protective film.

Results

In 2013 Millers Oils won the prestigious Motorsport Industry Association
‘Technology and Innovation Award’ in recognition of its continuous success
in developing innovative products.

 

Drivers

Friction consumes energy. Internal friction within car engines 
does not only cause wearing, but also causes 15–20 % of en-
ergy loss through heat buildup.

Megatrends. Fuel efficiency and CO2 emissions became vital 
issues in the automotive market which drove the need for fuel 
efficient solutions that do not affect the durability or perfor-
mance of auto parts.

Demand pull. Conventional gear oils use molybdenum sulfides 
that cannot withstand extreme pressures and are highly sensi-
tive to heat as opposed to fullerenes.

Barriers

High cost. The technology is extremely costly which urged 
Millers Oils to introduce it primarily in the premium motor-
sport industry before penetrating the passenger cars market.
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Risky investment. Millers oils is one of the first oil and lubricant 
companies to invest in nano-based oils and foresee them as 
the future. However, most Original Equipment Manufacturers 
(OEMS) prefer already proven budget products.

Consumer and customer learning. Most car users and OEMS 
are not aware enough of the ongoing nanotechnological inno-
vations in engine and gear oils.

Technical conflict. Fuel efficient engines require low vis-
cosity oils, but low viscosity oils do not adequately protect 
against wear.

Enablers

Synthetic oils. Nanodrive oils are fully synthetic eliminating 
the freight dependence on crude oils that are suffering a short-
age crisis.

Motorsport paves the way. Since the launch of Nanodrive oils 
in January 2009, they have been used and acknowledged by a 
number of teams in the British Touring Car Championship as 
well as by many successful rally drivers such as British Junior 
Champion Martin McCormack and Scottish Rally Champion 
David Bogie.

Company expansion. Millers Oils tripled its turnover in 11 
years and, in just 3 years, has have witnessed great interna-
tional expansion which increased the company’s dedication to 
investing in new innovative technologies [10].

Stop-Start vehicles. Research forecasts predict that Stop-Start 
vehicles will capture more than 50 % of the global market by 
2022. The Stop-Start process increases attrition in the engines 
compared to conventional vehicles. Nano-based oils are per-
fectly suited for such vehicles because of the high surface area 
of thin films that stick and protect engine parts [11].
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Impact

High performance. Miller Oils was able to produce lubricants 
that reduced friction. This led to decreased energy loss, increased 
fuel efficiency, improved durability and cost efficiency.

Spin off. The new Nanodrive oils showed great success in mo-
torsports where high performance was especially critical. As a 
result, they have been implemented in the Energy Efficient Oils 
of Passenger Cars and achieved a 2.5 % enhanced fuel efficiency.

Award. In 2009, Millers Oils was awarded the ‘Most Innovative 
New Product’ award in the World Motorsport Symposium for 
its innovative product.

What’s Next?

Millers oils recently invested 500,000 euros in a new Research 
and Development Centre in the UK to enhance its ability to 
develop innovative new products and to introduce these prod-
ucts to the market in shorter periods. In addition, it is planning 
to strengthen its presence in Africa and the USA [10].

 GENERAL MOTORS
Stronger and lighter weight vehicle bodies.
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General Motors (GM) is the first company to apply nanocomposites 
in cars body parts to render them lighter and stronger.

•

•

•

Innovation

It is not only about using nanocomposites, but also about an innovative
process that can peel apart the nanoclay fillers in a polymer. This innovative
process resulted in the separation and homogeneous distribution of the
nanoclay fillers within the matrix (resin).

Nanotechnology

A nanocomposite of fine-grained nanoclay fillers suspended in a plastic resin. 
The fillers are evenly distributed in the resin exposing high surface area for 
interaction with the resin and, consequently, stronger body parts.

Results

Since GM’s successful implementation of nanocomposites in 2002 models, it
has been expanding the development and the wide application of
nanocomposites in the following 2003, 2004 and 2009 models. General
Motors consumes around 660,000 pounds of nanocomposites per year [12].

 

Drivers

The expanding car market. The industry for cars grows in size 
every year, while the automotive sector is the primary source 
of carbon emissions released to the environment.

Technology push. The huge surface area of nanoclays offers 
exceptional improvements in the plastic properties (compared 
to conventional talc where only 2.5 % of the nanofillers in auto 
parts resulted in lighter weights) and are as stiff as those made 
with ten times the amounts of conventional talc.

Market pull. The automotive market is continuously demand-
ing auto manufacturers to supply lower weight autos because 
of the direct impact on fuel efficiency and cost and the indirect 
impact on sustainability.
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Barriers

Initial uncertainty. The performance was questioned in the 
beginning and that’s why the technology was applied primarily 
on simple auto parts (step assist).

Cost. Nanofillers are usually more expensive than convention-
al ones, thus there is a need to validate their cost effectiveness.

Unstable crude oil prices. The production of nanocomposites 
on a commercial scale is very challenging because the prices 
of the polymer matrices used depend on the continuously fluc-
tuating crude oil prices.

Enablers

Sustainability. Nanoclays are recyclable nanomaterials, with 
relatively lower costs compared to other nanomaterials.

Technical feasibility. The same conventional equipment can 
be used and no new molding tools are needed to install the 
new nanofillers.

R&D and collaboration. GM’s R&D managed to develop the 
nanocomposite by collaborating with Basell North America 
(the world’s largest producer of polypropylene resins for plas-
tics) and Southern Clay Products (which mines and processes 
the ultrapure “smectite” clay additive) for more than 2 and a 
half years.

Impact

First entrants lead. GM is the first car manufacturer to intro-
duce nanocomposites in car bodies in the step assist on several 
models.

Recognition. GM’s commitment to continuously offering 
greener and better performing products caused it to be rec-
ognized as one of the top nanotech innovators in 2012 by the 
NanoBusiness Commercialization Association.
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Operational. Although nanofillers are more expensive, the 
composite uses lower filler content than conventional fillers 
amount. Therefore, on a volume basis it costs less, additionally, 
fewer adhesives for attachment are needed.

Added value to consumer. An increased added value to the 
consumer because lighter weight parts lead to better engine 
efficiency and less gasoline consumption.

What’s Next?

GM is working on controlling the application of carbon nano-
tubes in nanocomposites in class A vehicles.
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Chapter 7
Electronic Applications

The nanotechnology era is an expression commonly used in the 
electronics industry to show how nanotechnology has revolutionized 
this industry and is continuously contributing to its growth. 
Nanotechnology transformed the computing industry by continu-
ously developing faster and smaller chips. Moreover, nanomaterials 
could be integrated with many electronic appliances to induce them 
with improved and more unique properties. In this chapter, different 
applications of nanotechnology in electronics are being covered. 
The applications range from the complex specialized use of nanoma-
terials in nano robots that dig for oil to the simple use of antibacterial 
nanocoatings in order to coat the interiors of household machines. 
The chapter shows the potential of a variety of nanomaterials 
(Nanowires, Quantum dots, nanoparticles) in a variety of products 
and/or processes and discusses the barriers corporations faced during 
the development of their products and how they could tackle these 
limitations.

 Introduction
Nanoelectronics is a powerful successor of microelectronics encom-
passing nano-based building blocks as strong role players such as 
semiconducting, inorganic nanowires, quantum dots, nanographene 
and nanotubes. Nano and microelectronics are strong contributors to 
the global economy with nanoelectronics ranked as one of the top 
contributors to the nanotechnology market. That’s why countries are 
investing hugely in the nanoelectronics sector so as not to miss the 
nanotechnology era.

It is because of nanotechnology that transistors can be fabricated in 
much smaller sizes resulting in smaller and much faster computers. 
It is because of nanotechnology that components can be fabricated 
into nanosizes and be integrated with radar systems and cellphones to 
produce highly efficient performances in telecommunications. 
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Currently there are electronic chips in computers and cell phones 
with regions etched up to 65 or less nm wide on the market [1]. Tier 
companies in the electronics industry are always under fierce compe-
tition to flood the market with newer, faster and more efficient chips. 
In mid-2015, IBM announced that it fabricated the first 7 nm working 
chip. This a great achievement in the electronics industry which 
would enable billions of transistors to be fabricated on chips the size 
of a fingernail [2].

Nanotechnology in electronics has also contributed to the lighting 
industry. Many nanomaterials are currently applied in Light Emitting 
Diodes (LED) used in displays and photovoltaics in an attempt to 
produce more efficient, less expensive and longer lasting lighting sys-
tems. Another emerging field in the field of nanoelectronics is 
Spintronics. Conventional electronics rely on developing devices 
using the electric charge of electrons. Spintronics rely on developing 
devices using both the electric charge and the spin properties of 
electrons. This would tremendously impact the development of stiffer, 
faster and smaller computer chips [1].

At these sizes, the nanoelectronics industry is facing new opportu-
nities and new challenges because quantum effects dominate and 
because of the difficulties and high expenses associated with the man-
ufacturing tools and techniques. Currently, the most common 
approaches in nanoelectronics are based on Top-Down methods 
(Nanolithography), however due to physical limitations and costly 
barriers, there are many R&D attempts now to fabricate them using 
Bottom-up approaches in which molecules and atoms self-assemble 
in a controlled fashion to produce the intended nanometer sizes of the 
electronics components.

It is also worth mentioning that there are growing trends in research-
ing and developing electronic components that can be integrated and 
can interact with biologic components. Such bio-nanosensors are 
super-fast, super accurate and super small. They would help clinicians 
to better understand cellular processes at the nanoscale, diagnose dis-
eases earlier and invent more effective treatments. The lab on a chip 
technology in microfluidics is under extensive research owing to the 
futuristic benefits expected to take place with the wide marketing and 
application of such high technology in diagnosis and treatment.
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Cases
 SONY LED TV

Better visual experience with invisible materials.

 

Sony TVs are employing new technologies to produce stunning 
visual experiences on large displays.

Innovation

• In TVs, each pixel is illuminated from behind with a white backlight and
different colors are created by changing the amount of light allowed to pass
through three different filters. QDs (quantum dots) eliminate the need for
backlighting and enhance the purity and transparency of the produced colors.

Nanotechnology

• They use QDs (semiconductor nanocrystals) whose nanoscale features emit 
highly specific wavelengths.

Results

• Differentiation in the consumer electronics market is difficult but Sony
managed to differentiate its new TV sets by being the first to employ QD in
the TVs to enhance the picture and color quality of the TVs.
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Drivers

Sustainability issues. LCDs use Cold Cathode Fluorescent 
Lamps (CCFL) which are not energy efficient despite being 
cheap as well as their mercury content that is highly toxic.

Power efficiency. The power efficiency of traditional LEDs are 
several 10s of percent less than QD LED because traditional 
LED uses many absorptive color filters to achieve the same 
color performance as QD that tend to absorb photons generat-
ing heat rather than useful photons as with QD.

Internal strategy. Sony is following a medium to long term 
environmental plan “Road to Zero” that aims at achieving zero 
environmental footprints through its business activities and re-
lated products. For example, CCFL that contains mercury is 
completely banned in Sony’s new TV sets [3].

Barriers

Regulatory limitation. The main component in the applied QD 
is cadmium, which is strictly regulated, to the extent that it is 
banned in certain countries. Sony wouldn’t be able to sell its 
new TVs except to certain limited markets.

Competitive disadvantage. QD Vision supplies Sony with 
QDs. However, Nanocor (main competitor of QD Vision) 
manufactures QDs that are cadmium free. Sony claims that 
cadmium is needed for a specific technical benefit in its TVs.

Limited natural resources. LEDs in general depend on critical 
materials that are suffering severe shortages (like indium, gal-
lium and other rare earth metals) because of the many emerg-
ing technologies that depend on them.

Enablers

Competitive advantage. QD Vision claims that it is the only 
quantum dot company that is solely focused in its QD research 
on optical displays and lighting.
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Regulatory exemption. The application of cadmium in 
QD Vision’s optical component is exempted under the EU 
Restriction of Hazardous Substances Directive because there 
are no reliable alternatives [3].

Technical feasibility. The QD model used in the TVs can be 
incorporated into old LCDs with certain modifications rather 
than dramatically changing the manufacturing process.

Complementary products. Sony markets complementary prod-
ucts that are compatible with the QD enhanced TV display like 
digital cameras and Blu-ray disc players.

Impact

Elegant product. The new TV sets are slimmer and have wider 
color gamut that provides more appealing, natural and vivid 
viewing experience.

First entrants. Sony HD Bravia are the first TV sets to use QD 
technology in TV sets.

Operational. QD technology are found to be flexible and com-
patible with all screen sizes, in addition to longer lifetimes 
compared to current OLEDs (organic based LED).

New markets. The new display technology showed great suc-
cess in the sales of Sony HD Bravia that it was implemented 
in Sony’s HD smartphones.

What’s Next?

Sony is exploring cadmium-free technology as a more abun-
dant alternative to expand its products’ marketing in more 
and new markets especially those where cadmium use is 
banned.
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 LG ALL IN ONE PC
Touch screens are getting bigger than ever.

 

LG partnered with Cambrios to be the first to apply its newly developed 
nanomaterial-based touch panel in a new model LG All-in-One PC.

Innovation

LG designed extremely thin silver nanowires that could substitute Indium Tin
Oxide (ITO) and produce a new generation of more efficient and cheap
electronics.

Nanotechnology

The company used silver nanowires that randomly cross each other producing 
a transparent surface and at the same is highly conductive. Such wires have 
high aspect ratio; tens of nanometers wide and tens of micrometers long.

Results

The developed LG’s touch panels are lighter in weight, thinner, stronger and
cheaper than the glass (ITO) based touch panels saving the consumers around
30−50 dollars on bigger displays [4].

•

•

•

 

Drivers

Market size. The market for touch screens is booming in a way 
that exceeds all kinds of displays in the market and is expected 
to double yearly until 2016.
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Old is not gold. The currently used indium tin oxide materi-
als in touch screens is not helping with large screens because 
if the touch signal has to travel larger distances, it becomes 
weaker and the screen doesn’t respond effectively.

Unmet future demand. A large portion of the touch screen mar-
ket is reliant on ITO. Knowing that indium is a rare earth metal 
and that the touch screen market is growing rapidly, the need 
for more abundant alternatives is becoming very critical.

Barriers

Up-scaling. It is particularly challenging to transform success-
ful applications of nanomaterials from the laboratory scales to 
commercial level scales.

Early stages of adoption. It is too early for touch functionali-
ties to completely displace the keyboard and mouse in devic-
es with larger screens and many specialized applications are 
needed to complement their application on the new devices.

Smartphones’ markets: not yet. Although a 5-in. smartphone 
screen using silver nanowires would save $1 an inch, this 
would not make huge cost savings in the ultimate retail price. 
That’s why large screens are currently the primary target [5].

Enablers

Newer bigger users. The launch of Windows eight facilitated 
the introduction of touch functionalities to devices with larger 
screens such as the All-in-one PC, laptops, and Ultrabooks.

Partnership. New entrants in an existing market must offer 
an advantage. Thus when LG decided to penetrate the touch 
module manufacturing market, it partnered with Cambrios to 
make use of Cambrios’ proprietary nanomaterial.

Conventional manufacturing process. Coating substrates with the 
newly developed silver nanowires solutions can be accomplished 
by standard roll to roll printing techniques, which are cost effective 
and fast compared to the deposition techniques used with ITO [4].
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Impact

Operational. The nanowires enabled LG to achieve super high 
conductivities on the large screen monitors which was un-
achievable with ITO.

Lead in growing markets. The new technology placed LG in a 
leading position in the rapidly expanding market that demands 
cost effective touch functionalities on large screen panels.

Competitive advantage. LG is not a new entrant with its 
 devices in the touch screen market, thus nanotech based touch 
screens provided LG with a unique competitive feature in their 
newly introduced devices.

What’s Next?

The transparency and flexibility of the new nanomaterial 
based displays show great potential in the next era of flexible, 
curved, rollable and 3D featured displays.

 ARAMCO SAUDI NANOBOTS
Nano-robots can dig for oil and gas.
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Saudi Aramco for oil and gas industry pioneered the invention of 
Resbots: nanobots that can travel through the nanopores of reservoirs 
to explore the oil trapped there.

•

•

•

Innovation

Miniaturization of electronic machines to go through the narrowest channels
which are otherwise unreachable by conventional machines.

Nanotechnology

Resbots are nanoelectronic devices (1/1000th the size of human hair) that can 
sense, explore and provide clear images of oil reservoirs.

Results

It is not typical for national companies like Saudi Aramco to invest hugely on
R&D but its continuous investigation of novel technologies is putting it on
the right track to increase its average oil recovery to 70 % in the coming few
years (double the world’s average oil recovery) [6].

 

Drivers

Unrecovered oil. Based on existing technologies, it is estimated 
that around 50 % of the discovered oil fields in Saudi Arabia 
are still unrecovered due to limited technologies [7].

No room for errors. In an era where oil demand exceeds supply, 
oil companies have to work on developing methods of explor-
ing their reservoirs to mitigate the risks, costs and time loss 
associated with dry well drilling.

Demand pull. Reservoirs are not open tanks; they are solid 
porous rocks with oil trapped in these pores. The Exploration 
and Petroleum Engineering Center—Advanced Research Center 
(EXPEC ARC—Aramco) conducted several analyses that re-
vealed that most of the pore throats are greater than or within 
500 nm, which drives the need for miniaturization techniques.
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Barriers

Semi radical innovation. Most of the research and work 
conducted on nanobots was aimed at targeting medical and 
 treatment applications; little data at that time was available 
about applying nanobots in exploration of oil reservoirs.

Technical. Saudi Aramco researchers faced great challenges 
to control the stability of their developed nanoparticles in the 
high salinity and temperature conditions of the Saudi Arabian 
deserts [8].

Mass production. Miniaturization to the nanoscale costs too 
much, especially when mass productions of tons of these nano- 
agents are needed for field work at reasonable prices [9].

Enablers

Open innovation. ‘Nanoscale Revolutions to Mega-scale 
Challenges?’ is the title of a workshop organized by EXPEC 
ARC where it gathered researchers, analysts and engineers 
from major oil companies, well known academic institutions 
and even from companies outside the oil industry to discuss 
the future of its proprietary nanobots, potential challenges and 
solutions.

Successful field trials. Since the first introduction of Resbots 
by Saudi Aramco in 2007, the company conducted several 
field testing and trials to manipulate and optimize the effi-
ciency of these nanobots. One test analyzed 850 core plugs in 
the Ghawar field to determine the nanoparticles’ optimum size 
range [10].

Strategic goal. In the last 10 years, Saudi Aramco has in-
creased its annual capital budget from 4 billion dollars to 40 
billion dollars, with investments in-house R&D and technol-
ogy in an attempt to become one of the world’s pioneers in 
energy generation by 2020 [6].
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Impact

Award. Research and innovation of Resbots earned Saudi 
Aramco the prestigious World Oil Award in 2008 and since 
then it has been leading the industry developing and optimiz-
ing these nano agents [8].

Explore the unexplored. The nanobots enabled the company 
to explore and penetrate regions in reservoirs that were never 
explored by previous technologies.

Investment economics. The improved process efficiency asso-
ciated with the use of Resbots could enhance the recovery of 
oil and gas and increase cost savings.

What’s Next?

Saudi Aramco is investigating two types of the next generation 
Resbots: the active one that can sense the reservoir environ-
ment conditions and the reactive one which can deliver chemi-
cals to intervene with these conditions [6].

 INVISAGE’S HIGH RESOLUTION IMAGE SENSORS: 
QUANTUMFILM™

High resolution ultra-thin Cameras.

 

InVisage made new Image Sensors that allow a higher zoom, resolution 
and ultra-thin cameras.
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•

•

•

Innovation

A photosensitive layer designed instead of the conventional complementary
metal-oxide semiconductor (CMOS) image sensors to increase sensitivity to
light and electric storage. This layer enables the camera to detect more
photons, store more electrons and reproduce colors more accurately—all with
a thinner camera module.

Nanotechnology

A colloid of very small semiconductor nanoparticles called quantum dots. 
Quantum dots have electrical properties that are between the bulk form and 
molecule form. Their electronic and optical properties depend on their size 
and shape [11].

Results

The use of Quantum Dots produced a very efficient image sensing layer that
has superior properties and efficiency over the conventional CMOS silicon
semiconductor with a much stronger absorption efficiency and high resolution
capability.

 

Drivers

Cameras are getting smaller. With the increasing use of mobile 
phones and other small handheld devices that have cameras 
in them, this has led to the increasing need to make cameras 
smaller while maintaining or even improving their image taking 
capabilities.

The need for high resolution, high quality images. There has 
been an increasing need for high resolution high quality images 
due to the increased awareness and demand of customers.

The increasing frequency of taking pictures. With the increasing 
use of social media like Instagram and Facebook, people want 
to capture images of themselves at all times i.e., in bright and in 
even very dark lighting conditions, which necessitates an image 
sensor capable of adapting to all lighting conditions.

Barriers

The technology. The technology used is very complex and 
would require facilities and experience to be implemented.
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Instability of Quantum Dots. Quantum dots can be oxidized if 
exposed to air. The protection InVisage used, by placing them 
underneath a color filter and electrode layer though, prevents 
this from happening. Moreover, during manufacturing, the use 
of ligands to protect them has been employed [12].

Enablers

Research. InVisage has been doing research in this technology 
since 2006, giving it the experience necessary to manufacture 
these products.

Collaborators and Investors. The company has a number of 
collaborators and investors like the University of Canada, 
Nokia Growth Partners and Intel Capital.

Several Offices. It has several offices: a headquarters in Menlo 
Park, California, a small design site in New Hampshire, Canada 
and a growing office in Hsinchu Science and Industrial Park, 
Taiwan.

Impact

High Quality Products. This technology has enabled InVisage 
to provide high efficiency products to mobile devices and even 
to professional cameras.

Higher Absorption Efficiency. The QuantumFilm™ has a 
much stronger absorption efficiency than conventional silicon 
films. The reason for this is that silicon is a weak absorber of 
red light; the light bounces around the silicon atoms before 
transferring the energy to it making absorption less efficient. 
In QuantumFilm™ on the other hand, light doesn’t bounce and 
passes its energy directly to the electrons enabling a fast and 
efficient transfer of energy from the light to the quantum dots 
to create an electric signal. In addition, InVisage has made the 
QuantumFilm™ layer at the top surface, unlike the silicon in 
conventional sensors where they are at lower layers, as they 
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are used to do both light sensing and electronic read-out functions. 
Thus, the QuantumFilm™ is in a place to absorb more light 
than the silicon.

No bright light saturation. In conventional image sensors, satu-
ration takes place in bright light where the light photons cause 
an overflow of electrons in the sensors storage area causing 
loss of picture detail. In the case of QuantumFilm™, the light 
sensing is done by the film in one plane and the processing 
of the signal takes place in a different plane resulting in a 
greater storage space for electrons to pass and preventing satu-
ration from occurring. As a result, the dynamic range is greatly 
enhanced producing less saturation in bright conditions and 
greater detail in dark ones.

Much thinner cameras. With silicon-based sensors, there is a 
limit as to the height of the camera lens—when it becomes 
shorter than a certain value color error—blurring and washed 
out images, especially at the edges of the image sensor. This 
doesn’t happen with the QuantumFilm™ allowing for thinner 
cameras and steeper angle focusing.

Pictures of moving objects. An additional advantage of the 
QuantumFilm is that it can take pictures of moving objects 
without distortion of the image unlike the conventional CMOS 
sensors.

Higher zoom capability. QuantumFilm™ also allows more 
zooming than the conventional image sensor.

Infrared sensing. QuantumFilm™ senses longer wavelengths 
and infrared light that are invisible to the human eye.

What’s Next?

With InVisage’s experience, it can use the quantum dots films 
for other applications like in displays of mobiles and other 
portable devices. According to the recent studies, quantum 
dots improve power efficiency by 50–100 % while maintaining 
the same brightness of images [13].
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 SAMSUNG’S WASHING MACHINES
Washing machines that kill bacteria.

 

Samsung invented new washing machines with antibacterial activity. 
The production of silver ions during washing imparted an antibacterial 
activity on the washing machine

Innovation

• New washing machines with antibacterial activities. Such washing machines
are especially important in case of using cold water to reduce energy and water
consumption. This is because, in these machines, the cleaning ability is reduced
and thus leads to biofilm formation. Biofilm represents a community of bacteria
that adheres to inert or living matter.

Nanotechnology

• Silver nanoparticles are produced during washing via electrolysis. Silver 
nanoparticles penetrate deep into clothes sanitizing them even with cold water. 
Moreover, silver nanoparticles help eradicate biofilm.

Results

• The new technology allows more than 100 quadrillion silver ions to deeply
penetrate the fabrics sanitizing them and thus eliminating the need for hot water
and bleach. Moreover a wide range of products applying the same technology
have been developed including air conditioners, refrigerators and vacuum
cleaners.

 

Drivers

Nano silver trend. The nanotechnology market is increasing 
tremendously, and with it, the fields of silver nanoparticles 
research and products are swiftly growing [14].
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Strong market competition. Daewoo is one of the strong com-
petitors of Samsung and with Daewoo’s lead and success in 
nano-enabled products, Samsung had to follow the same path 
so as not to lose part of its customers to Daewoo.

Barriers

Nano-silver toxicity. The debate about silver nanoparticles’ 
safety is a major barrier due to conflicting studies concerning 
its safety. It requires appropriate extensive studies to ensure 
the safety of the newly developed product [15].

Learning process. An intensive learning process is required 
to increase the public acceptance of the developed product by 
advertising its improved properties and complete safety.

Environmental hazards. The amount of silver washed into wa-
terways has to be precisely detected so as not to impose an 
environmental risk. It was calculated to be about 12.2 Kg of 
silver that would be washed in waterways in Germany alone. 
Such a concentration, according to non-governmental organi-
zations, needs to be considered as there are other silver sources 
from textiles and other products. Overall, the whole percent-
age of silver may be risky for the environment.

Public pressure; withdrawal and release. Public concern 
about the fate and safety of the silver nanoparticles resulted in 
temporary withdrawal of Samsung’s nanosilver washing ma-
chines from sale in Sweden, however, they were later reintro-
duced into the market. Nevertheless, public pressures in other 
countries as Germany and Austria continues [16].

Enablers

Strong R&D. Samsung’s strong R&D allowed it to analyze 
Daewoo’s action and apply it to its products as fast as possible 
so as not to lose any of its market shares.
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Daewoo’s trial and success. With Daewoo being the first to in-
troduce this technology, Daewoo took the risk of being in the 
market lead and at the same time introduced the technology 
and its success to its competitors.

Lean regulatory rules. The regulatory gaps present within the 
available guidelines allowed the introduction of nano-based 
products in the market [17].

Impact

Internal. The introduction of nanosilver technology extended 
to a wide range of Samsung’s products including washing ma-
chines, refrigerators, vacuum cleaners and air conditioners, 
thus allowing it to be a strong competitor in an increasingly 
competitive market.

Market. The nanosilver-based technology was first introduced 
by Daewoo, yet with the efforts of Samsung, the market moved 
from being a monopoly for Daewoo to a competitive market 
with strong players like Samsung, LG and Daewoo.

Regulatory bodies. Due to public pressures from different 
NGO’s, the US EPA will attempt now to regulate nano-based 
products that contain nanosilver as pesticides.

What’s Next?

Samsung added silver nanoparticles to its washing machines 
to benefit from their antimicrobial properties. Such technology 
could be extended to any product or application in different fields 
that could benefit from being antibacterial. Examples include:

• Antimicrobial surfaces as in hospitals, public places, 
food and beverage factories

• Refrigerator boxes and kitchen ware
• Baby toys, baby car seats and kitchen baby chairs
• Hospital bed dressings
• Clothes as socks and shoes
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 DAEWOO REFRIGERATORS
Refrigerators that kill bacteria.

 

Daewoo produced antibacterial refrigerators through the inclusion of 
silver nanoparticles in the body of the refrigerators. Thus, sanitized 
refrigerators with no foul odor.

Innovation

• Refrigerators with antibacterial activity, thus no foul odors are developed and
better preservation of food is achieved.

Nanotechnology

• Silver nanoparticles, included in the plastic resin of the body of the 
refrigerator. Such silver nanoparticles prevent the growth of the bacteria, and 
thus suppress the foul odors and enhance the preservation of food.

Results

• Complete line of products applying the same technology including washing
machines, air conditioners and vacuum cleaners.
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Drivers

Nano silver trend. The nanotechnology market is showing 
a tremendous increase and is forecast to grow to 1 trillion 
dollars by 2015. Within such a growing market, more than 
260 nano-silver products have been identified in different 
fields [14].

Daewoo’s internal strategy. Daewoo is committed to continue 
providing health oriented products and also environmentally 
friendly ones. Thus, the nano-silver technology models just 
fulfill the company’s internal strategy.

Market lead. The continuous research and development has 
made Daewoo the first company employing polypropylene 
technology in the manufacture of rustproof washing machines. 
Being used to leading the market, utilizing nano-silver will 
also make Daewoo the first company applying nano-silver in 
its commercial electronic production.

Barriers

Safety. The fear of migration of silver nanoparticles from food, 
contact material, to food coupled with the lack of definite data 
on the safety of silver nanoparticles stand as a barrier against 
applying silver nanoparticles in different products [15].

Public acceptance. Public Acceptance is a main barrier against 
the development of new nano-products and processes within 
the food sector.

Required expertise and infrastructure. The development of 
the new silver poly technology required research and develop-
ment as well as certain expertise in the field in addition to the 
infrastructure for the implementation of the new technology 
on a commercial scale.
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Enablers

Strong R&D. Through strong R&D, Daewoo proved that the ad-
dition of silver nanoparticles via injection molding is more effec-
tive than addition of silver via coating. Despite coating being less 
expensive, it was liable to wearing off. Additionally, the disin-
fectant properties in the injection molding proved to be stronger.

Enabled technology. The injection molding technology that is 
used for applying silver does not need completely new infra-
structure but only mixers for chemical synthesis of the silver 
nanoparticles and injections for applying silver nanoparticles 
during molding.

Lean regulatory rules. Regulatory gaps concerning the new 
nanomaterials and technologies has permitted the introduction 
of nano-based products in the market [17].

Impact

Internal. The developed nanosilver poly technology by 
Daewoo allowed it to extend the technology to its air condi-
tioners and washing machines.

Industry. Daewoo’s invention has made its competitors 
(Samsung and LG) in the market adopt the technology and 
thus increased competition.

Competitive advantage; market lead. Daewoo, being the first 
to introduce the technology, allowed itself to have the market 
lead in the field, especially with the adoption of the nanosilver 
technology by its competitors.

What’s Next?

Daewoo used the antimicrobial properties of silver nanoparticles 
for imparting disinfectant properties to its refrigerators. Such a 
technology could be extended to other electric appliances like 
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air conditioners and washing machines (already accomplished). 
Moreover, it could be extended to any surface or container that 
can benefit from having antimicrobial properties in different 
fields such as baby toys, food factories’ floors, benches, hospital 
walls and bed dressings.
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    Chapter 8   
 Printing Applications                     

          It is astounding that an elaborate and new science such as nanotech-
nology can be involved in printing. The benefi ts of nanotechniques 
and nanomaterials have enabled major advancements in the printing 
capabilities of nowadays printers. It has defi nitely allowed for high 
resolution images that are of a wider color range than before but that 
the extent of it. How nanotechnology opened new doors in printing 
will be discussed in this section. 

    Introduction 
 If we look at the history of printing we will fi nd that the paper, ink 
and polymer fi lms were all made from dispersions of particles of one 
material in another. Long ago inks resembled very much the colloidal 
suspensions of nanoparticles nowadays but in much larger sizes. 
With the advent of nanotechnology, it seemed reasonable to make 
smaller sized ink particles in the nano-range to improve resolution of 
the images. It was found that not only did it improve the resolution, 
but also improved the color palette and extended it to include a wider 
range of colors and color combinations. In addition to ordinary print-
ing, three dimensional printing is something that has been discovered 
recently and is gaining wide popularity in a wide range of applica-
tions. It is sometimes called additive manufacturing and involves the 
making of a three dimensional object by depositing layers over lay-
ers of material. Additive manufacturing is applicable in a wide range 
of fi elds including apparel, vehicles, construction, electronics, 
mechanical parts and medicine including tissue engineering and 
making artifi cial limbs.  
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   Cases 
    LANDA     LANDA 

  High resolution nanoink  . 

     

    Landa has designed a new form of ink that uses nanoparticles to 
improve the resolution of printed images and increase the possible 
color palette while decreasing the amount of ink used.

   

Innovation

•Landa designed a printing technology that produces high resolution printing up to the
nanoscale. This technology enables the extremely efficient and precise low ink lay-down
to produce exceedingly round dots with super-sharp edges and high optical uniformity
and consistent density. This technology is efficient with glossy or matte paper and on any
other substrate.

Nanotechnology

•The company’s innovation is based on the reduction in the size of pigments to a nanosize 
scale which makes them more powerful colorants.

Results

•When the pigments were reduced to the nanoscale, better resolutions were obtained due
to more precise round edges. They also achieve a light dynamic range wider than any
other printing process. They cover more Pantone colors than conventional printing and
practically eliminate the need for spot colors, off press color mixing and on-press ink
replacements. They also enable printing on any sort of substrate without any priming or
pretreatment.
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    Drivers 

   Growing printing market.  The printing market is a growing 
market: it is forecast that the digital print market will reach 
187.7 billion dollars in 2018 at an annual growth rate of 7.4 %.  

   High resolution, high quality and high speed.  With the advent 
of the immensely high resolution digital cameras and other 
photo taking devices, it has become necessary that when print-
ing such images on paper, they still maintain their resolution 
and color.  

   The need for environmentally friendly materials.  Landa uses 
water as solvent for its nano ink which reduces the release of 
organic solvents to the environment. The reduction of pig-
ments to nanosize also allows reduced use of such materi-
als to produce the same effect, which reduces the release 
of such pigments to the environment. A third point is that 
Landa provides its ink in concentrated forms to reduce the 
size of its recyclable containers and hence reduces transpor-
tation costs.   

  Barriers 

   Instability of the nanopigments.  Nanomaterials are usually un-
stable due to their distinctly small sizes and high surface free 
energy which can cause the clumping of pigments, however, 
the presence of additives in the Landa ink that is produced by 
their laboratory prevents this from happening.   

  Enablers 

   Rich Intellectual Property Base.  Landa has over 800 patents 
granted to its owner which gives the company the upper 
hand because it has signifi cant know-how concerning the 
technology.  
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   Long Work Experience.  The owner of Landa (Benny Landa) 
established his fi rst printing company in 1977 that be-
came massively popular in 1993 but was then acquired by 
Hewlett- Packard. He then established the Landa Nanoprinting 
Company in 2002. Due to his lifelong experience, he was able 
to develop applicable new printing technologies based on the 
nanoscience.  

   Granted Awards.  The Landa Company and its owner earned 
many awards from Israel and the USA for being so impactful 
on the printing industry through developing and implementing 
new successful technologies.  

   Wide range of market segments.  The capabilities of the na-
noink has enabled Landa to target several applications in-
cluding publishing on ordinary paper, fl exible printing, car-
ton printing, general commercial printing, advertising, direct 
mail, point-of-sale/point-of-purchase, catalogs, transactional 
production, retail fl oor stands and counters, end caps, power 
wings or sidekicks displays as well as exhibition and trade 
show materials.   

  Impact 

  Landa has become one of the most popular and strong com-
panies in printing (providing printing presses and ink for high 
resolution nanoprinting) due to the foresight of its owner in the 
use of nanotechnology to enhance his products.   

  What’s Next? 

  The next step for Landa technologies may be to take his in-
novations further and develop three dimensional printing tech-
nologies as well. Three dimensional printing is the next big 
thing in the manufacturing of products.     
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    BARE CONDUCTIVE ELECTRIC PAINT     BARE CONDUCTIVE ELECTRIC PAINT 

  Electric circuits made just from paint! 

     

    Bare Conductive from the UK was capable of making paints that con-
duct electricity.

   

Innovation

•Bare Conductive has developed a paint that conducts electricity that can be used to draw
functioning circuits on paper, cardboard, fabric, glass or other materials for education as
well as entertainment purposes. They also made it safe enough to be used to draw on the
skin surface.

Nanotechnology

•They used small conductive nanoparticles of carbon, e.g. flakes of graphite, dispersed in 
a gum binder to make the paint flexible when it dries.

Results

•Bare Conductive was able to design a portfolio of products that can be used by kids,
teachers, hobbyists for fun and education. Their products include paints, touch board,
batteries, LEDs, sensors and other accessories to make the circuits work. Their products
are sold individually or as complete idea project kits like a flashing card set or a glowing
village set.

  

Cases
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    Drivers 

   Need for more creative greeting card ideas.  Greeting cards is 
a large business that has a large customer base but is a mature 
market that is highly competitive. There are always new ideas 
being brought up every day to make a certain company more 
competitive and enable it to increase its market share.  

   Need for more educational toys.  Nowadays there has been an 
increasing trend to make toys educational to develop a child’s 
social, intellectual, physical and/or emotional development. 
Bare Conductive helps children of all ages learn fundamentals 
of electronics in a fun way including polarity, resistance, volt-
age or circuitry.  

   Science advancement.  The advancement of science has driven 
people to invent new ideas and products. Nanotechnology has 
greatly advanced especially in the conductive ink and paint 
area. Several paints have developed using silver, copper and 
conductive polymer nanoparticles.   

  Barriers 

   Safety.  The conductive paint made by Bare Conductive is de-
signed for children to play with and for drawing on skin; its 
safety is a tremendously important thing. The safety of nano-
materials is still under debate and there is always fear that it 
may be the cause for diseases such as cancer.  

   Learning.  Though science has advanced in the conductive 
paint area and its use in circuits, smart clothing and many 
other applications, the idea is not popular yet among common 
people due to few commercialized products.  

   Small startup.  Bare Conductive was a small unpopular start- 
up company set up by four designers in the Royal College of 
Art. They were young and had no funding.   

8 Printing Applications



159

  Enablers 

   Diversity.  The company is formed of a group of young people 
who have a variety of experiences in engineering as well as art 
design which makes them capable of designing several great 
idea products to be sold.  

   Market acceptance.  Due to their fun designs that reached out 
to children and their reasonable prices, their products have 
been used by a lot of teachers and parents. This led them to 
be accepted around the world, selling their products in Asia, 
America, Australia and Europe.  

   Finding funding.  In 2010, Bare Conductive won 100,000 
British pounds from Innovate UK (formerly known as the 
Technology Strategy Board) in the Launchpad competition 
designed to foster disruptive solutions among start-up com-
panies.  

   Workshops.  Bare Conductive conducted many workshops 
and tutorials for children and old people to introduce them to 
the company’s technology and make it more popular. It also 
strengthened its viral presence on social media to connect with 
its future or present customers.   

  Impact 

  Due to the fun and educational value of its products, Bare 
Conductive was able to sell many products and have more 
than 80 distributors around the world including the big distrib-
uter RadioShack.   

  What’s Next? 

  Bare Conductive is considering developing and researching 
more accessories like touch boards and sensors that are com-
patible with its kits.     
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    DNA TECHNOLOGIES’ DNA MATRIX™ HOLOGRAMS     DNA TECHNOLOGIES’ DNA MATRIX™ HOLOGRAMS 

  Anti-counterfeit label made from invisible DNA! 

     

    DNA Technologies was able to devise an invisible label made from a 
synthetic DNA sequence that can be detected by special equipment.

   

Innovation

• Security Solutions Group designed a low cost brand protection and currency
anti-counterfeit solution.

Nanotechnology

• The company used strands of synthetic DNA molecules as invisible markers 
in the visible label’s ink or holomark and devised specific handheld scanners 
for them.

Results

• An efficient counterfeit detection method that cannot be replicated or detected
by ordinary methods and can only be detected by the company’s specialized
scanner.
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    Drivers 

   Increased counterfeiting.  Increased forgery and fraud has driv-
en most governments and countries to apply protective meas-
ures to their currencies through holograms, invisible inks and 
labels. In addition to currency counterfeiting, there is brand 
and goods fraudulence. With the advent of brands and their 
increasingly high prices, cheaper inauthentic copies are being 
made and sold.  

   Economic losses.  The presence of inauthentic copies threatens 
the original brands as people tend to buy the cheaper alterna-
tives rather than the authentic ones, affecting the profi ts of the 
original brand’s company.  

   Need for security system that cannot be replicated.  Since long 
ago anti-counterfeit measures have been used to protect cur-
rencies. However, as these measures became more widely 
used, they became known and easily imitated. This necessi-
tates the presence of methods that cannot be easily imitated 
and that can only be read using a special device.  

   Increased consumer awareness.  Ever since the consumer act 
in the early sixties, people have become more aware of their 
rights and what they should receive in terms of quality and 
price. There has also been an increase in regulatory bodies that 
protect the consumer.   

  Barriers 

   Conventional methods of marking.  Conventional methods of 
marking are much cheaper than the synthetic DNA strands 
technology although that makes the conventional methods 
more easily penetrated.  

   Research.  The ability to chemically modify DNA and isolate 
it while keeping it intact then reapply it requires exceptional 
research and technologies to avoid its destruction due to its 
fragile nature.  
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   Instability.  DNA is exceedingly fragile and can easily decom-
pose if subjected to high temperatures, moisture or chemicals; 
however, the synthesized DNA by DNA Technologies has 
been fabricated in a way to protect against such degradations.   

  Enablers 

   Experience.  DNA Technologies has built a lot of experience 
since it started in 1993. It has been able to acquire a number of 
patents and make effective products in the market.  

   Product tracking.  DNA Technologies has been able to develop 
a variety of DNA markers and special readers which has ena-
bled the precise tracking of such products.  

   Customization.  The company was able to customize its tech-
nology to be applied in a variety of applications such as 
 apparel, currencies, beverages, pharmaceuticals and tobacco.   

  Impact 

  Due to the quality and importance of its anti-counterfeiting 
marking system, it was used to protect big brands as those 
of Thomas Kinkade, Major League Baseball, Hanna-Barbera 
and the 2000 Sydney Olympics. It also was applied in many 
fi elds including the pharmaceutical fi eld protecting against 
drug counterfeiting.   

  What’s Next? 

  DNA Technologies should start selling in different countries 
because the importance of brand protection and product track-
ing has become well known around the world.        
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Chapter 9
Textile Applications

The textiles industry serves many different segments in a diverse market. 
Because the market is mainly segmented to personal textiles (normal 
clothing including sports textiles), technical textiles (the textiles used 
by labor, firemen and military) and the fabrics used in households and 
automobiles. This chapter shows how nanomaterials could impart 
unique and innovative features to the fabrics used in different seg-
ments, for example self-cleaning, ultraviolet blockade, wrinkle resis-
tant or even flame resistant. In addition, nanotechnology facilitated 
the integration of wearable electronics with textiles. Such wearable 
electronics could help patients monitor their medical conditions regu-
larly or could enable sportsmen to monitor and improve their perfor-
mances. Nanotechnology currently enjoys an excellent opportunity to 
penetrate the textiles market strongly because the high prices associ-
ated with the development and manufacture of a single nanofeature 
could be compensated by applying such feature in different segments 
in a massive market at the same time.

 Introduction
Textiles are one of the most important segments in consumer goods. 
Nanotechnology has added new functionalities to the different markets 
of textiles, including automotive, household and automotive textiles. 
Nanomaterials are currently integrated within textiles to render them 
UV-protective, stain resistant, fire resistant, antimicrobial and self-
cleaning. In the past few years, the textiles industry had reached a 
state of dormancy with low cost producers in less developed countries 
taking the lead in manufacturing. Since the evolution of nanomaterials, 
western countries began to gain new competencies through the manu-
facture and commercialization of high tech textiles.
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Nanotechnology imparted extraordinary properties on textiles that 
increased a consumer’s demand and willingness to pay for such high- 
tech textiles and fabrics. Nanomaterials can be integrated with textiles 
through one of three means:
 1.  Within the fiber core by dispersing the nanomaterials within 

the fiber matrix.
 2. As a coating onto the fabrics (most common).
 3.  Electrospinning of certain polymers into fibers in the nanometer 

range which produced fabrics with higher stiffness and better 
performances according to the type of polymer used.

The textiles industry is considered one of the fastest growing mar-
kets for the adoption of nanotech based products. This is due to the 
fact that consumers now are living rapidly changing lifestyles, and so 
tend to seek more comfortable and luxurious textiles. Another reason 
is that the textiles industry provides optimum substrates for the incor-
poration of nanomaterials owing to their normally available large 
surface area.

An important segment of the textiles market is the technical tex-
tiles; these are textiles for military, medical, sports or labor applica-
tions. This segment is swiftly growing because, with adopting 
nanomaterials, the performances of these modified textiles outweigh 
their costs. Another growing trend is the integration of electronic sen-
sors into the clothing, especially in medical textiles where, for exam-
ple, sensors can be integrated with clothing for cardiovascular patients 
to continuously monitor their heart status. Such sensors could also be 
used in athletes’ clothes to continuously monitor and improve their 
physical performance.

9 Textile Applications
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Cases
 ADIDAS LONE STAR SPIKE

Beijing 2008 Olympics goes nano!

 

Adidas is the first company to engineer special running shoes using 
nanotechnolog`y. They were designed specially for the Texan sprinter 
Jeremy Wariner.

•

•

•

Innovation

Adidas’ Lone Star Spike are the first running shoes engineered with carbon
nanotubes in a special design to provide an optimum compression/penetration
ratio to aid the sprinter to cope with the elasticity of the track surface.

Nanotechnology
Carbon Nanotubes (CNT) reinforced plates and spikes. CNT have a high 
aspect ratio producing high strength at lower weights.

Results

The nano engineered running shoes added to Jeremy Wariner’s performance 
and physical confidence in the Olympics. He won the silver medal in the 
men’s 400 m race in the Olympic competitions.

 

Cases
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Drivers

Technology push. Nanotechnology has a strong potential in 
the sports wear markets because performance outweighs costs; 
there is a cost/benefit trade off which is accepted by  consumers.

Market pull. There is a growing market trend for improving 
the sports’ wear which directly affects sports wearers’ comfort 
and performance driving the need for the development of in-
novative fibers and fabrics.

Market size. In 2008, 19 % of Europe consumers’ expenditure 
was on sports clothing and footwear [1], and in UK sportswear 
is around 10 % of the total clothing market [2].

Technology forecast. Nanotechnology in running shoes made 
a performance difference of 1–2 % for the top 25 athletes and 
its implementation in fabrics is expected to grow.

Barriers

Public fear. Public fear of the impact of nano-enabled sports-
wear, in addition to the lack of regulatory standards that assess 
the safety of these products, are some of the major barriers.

Upscaling. Scaling up processes of nano-enhanced products 
pose technical and cost difficulties towards wide commerciali-
zation, especially that CNT are expensive nanomaterials.

Technical challenge. Designing high performance running 
shoes is a challenge in itself because the shoes had to be soft 
enough to absorb impacts yet hard enough to not flatten in a 
short time.

Enablers

A tier company. Adidas is one of the limited multinational 
companies that leads the sports textiles industry and is able to 
bring innovations to global markets.
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Value chain. Applying nanotechnology to fabrics’ finishing 
has a bigger profit margin and lower risks of losses compared 
to developing entirely new nanofibers. That’s why companies 
like Adidas are following this strategy in developing nano- 
functionalized sportswear.

Deep analyses. Adidas’ engineers and designers used high 
speed video and pressure mapping to study the running be-
havior of the 400 m Texan runner Jeremy Wariner for more 
than 2 years to custom design specialized running shoes for 
his running style.

Impact

Intrinsic features. The developed innovative plate was about 
one third the thickness of Wariner’s previous spike plates and 
weighed 50 % less. The mechanical and chemical bonds with-
in the nanotubes inside the spike plate increased its structural 
integrity and durability.

Unique performance. Knowing that long sprint races are lost 
in corners. Adidas lone star spike aided Wariner to push better 
in turns while maintaining his stability. Thus, he was able to 
win the silver medal in the men’s 400 m race in the Olympic 
competitions.

Fast market adoption. Shoes worn by elite athletes allows for 
the ease of commercialization and rapid market adoption of 
such nano engineered products by average consumers.

What’s Next?

Although carbon nanotubes are primarily used in aerospace 
and automotive industries, the Lone Star Spike shoes lead 
the next generation of carbon nanotubes engineered running 
shoes.

Cases
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 HI-TEC SHOES
Hi-Tec waterproof walking boots.

 

Hi-Tec synthesized the first walking boots to feature P2i waterproofing 
nanotechnology.

•

•

•

Innovation

An innovative technology developed by P2i applies a waterproof polymeric
material at the nanoscale which repels water under wet conditions and at the
same time causes perspiration to evaporate.

Nanotechnology

A patented plasma based technology that can coat objects with a permanent 
nano polymeric layer on every single fiber of the fabric.

Results

Within only few months of the initial launch, the new hiking boots achieved a 
global sales record of over 200,000 pairs [3].

 

Drivers

Technology push. Although the technology was originally devel-
oped for military applications, Hi-Tec spotted it as an excellent 
opportunity to revolutionize the footwear market.
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Market pull. The hiking and running shoes markets are con-
tinuously striving for new products that absorb less moisture, 
remain dry and are lighter in weight.

Competitive market. A highly competitive market in sports’ 
footwear between tier companies drives the need for differen-
tiation through innovative ideas.

Barriers

First entrant risk. Hi-Tec was the first company to introduce 
the P2i water repellent technology in its products, therefore, it 
had to face the risk of unknown market response.

Bridging the gap. P2i ion-mask technology developers are 
scientists and physicists with no expertise in footwear manu-
facture and business, thus Hi-Tec had to work hard to bridge 
this gap towards success.

Threat of new entrants. Although the technology required hard 
work to integrate it in the shoe business, as soon as other com-
panies adopted it, Hi-Tec could lose a big share and the market 
would be highly competitive.

Enablers

R&D. Hi-Tec continuously invests in R&D and product in-
novation to lead the market with first entrant innovative 
solutions.

Environmentally friendly. The P2i process uses minimal 
amounts of chemicals with minimal waste, compared to wa-
terproofing membranes, and operates at room temperature.

Build on existing franchise. The company managed to mitigate 
some of the first entrant risks through integrating the technology 
into its already highest selling boots.
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Impact

Consumer satisfaction. The boots are 100 % waterproof and at 
the same time 100 % breathable because, unlike membranes, 
the molecules coat the fibers separately leaving the spaces 
 in- between open.

Operational. The P2i waterproofing nanotechnology in the 
boots is less expensive than otherwise integrating waterproof 
membranes in a pair of shoes and was launched at the same 
cost of waterproof membrane shoes.

Market expansion. The success of the applied technology in 
Hi-Tec boots helped open new successful businesses through 
applying the same technology on gloves and hats.

What’s Next?

P2i is attempting to apply the water repellent technology in the 
electronics sector thus serving a new and huge market.

 EDDIE BAUER
Nanotechnology enters the Fashion world
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Eddie Bauer licensed Nano-Care technology from Nano-Tex to 
develop stain resistant textiles.

Innovation

The fabric is dipped in a solution containing the nanowhiskers. These
whiskers have large surface areas making them more wrinkle-resistant and
causing liquids to bead up and roll off.

Nanotechnology

The company used nanowhiskers of hydrocarbons that are made of tiny fibers 
of cotton 1/1000th the width of a normal cotton fiber. They attach to the 
fabric and create a cushion of air around the fabric.

Results

Eddie Bauer’s self-cleaning textiles gained market acceptance such that the 
market demand for shirts with Nano-Care in the 2003 holiday line exceeded 
expectations by 30 %.

•

•

•

 

Drivers

Fashion market congestion. In a crowded fashion market, 
nanotechnology can be a lucrative point of differentiation 
driving fashionable brands to take first steps to incorporate 
nano- enabled features in their brands.

Market pull. Style conscious consumers with busy lifestyles 
drive the growing demand for new features in their clothing.

Market size. 16 % of the 55 billion dollars in US menswear 
sales in 2006 was on garments with some type of technological 
product enhancement whether wrinkle free or stain resistant 
[4]. This reveals the growing potential of such technologies in 
the market.

Barriers

Public fear. Limited public understanding and/or acceptance 
of textiles containing nanoparticles pose some risks because 
of the fear of nanoparticles’ escape during cleaning or repeated 
wear or even during disposal.
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Unproven durability. Lack of standardized evidence regarding 
the durability of nano-enabled textiles with repeated wash and 
wear posed some durability concerns especially that some 
shops advise consumers that the treatment in self-cleaning 
textiles will survive around ten washes only.

Slow adoption. Many consumers shop for image and style first 
and only slowly understand the added benefits of nano- enhanced 
textiles which causes a slow rate of adoption.

Enablers

First entrant. Eddie Bauer was the first retailer to pioneer the 
use of the self-cleaning technology in 2000 with the use of 
Nano-Care treatments in khaki pants.

Versatility. Nano-Care is compatible with cotton, wool, poly-
ester, silk and rayon. The treatment is built in the fabric rather 
than coated onto it, thus it is permanently bound to the fabric 
with no risk of escaping.

Cost efficiency. Although treated pants and shirts have slightly 
higher prices than untreated ones, they could still be perceived 
as being cost effective by reducing washing bills.

Impact

Operational. The successful nanotechnology contribution to 
Eddie Bauer textiles lead the company to employ other nano- 
based features in their textiles like quick drying and moisture 
control.

Survive the battle. Nanotechnology supported Eddie Bauer’s 
survival in the markets because it suffered fierce competitions 
from international producers—China—who had access to 
cheaper sources of material and labor.

New business concept. Through its nano-based textiles, Eddie 
Bauer enjoyed a new concept and a competitive advantage in 
its markets that was not based on price, but on differentiation.
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What’s Next?

The success of nanotechnology enhancements in fashion paves 
the road to compete in the niche markets of technical textiles.

 ALEXIUM
Defenders need defense.

 

The US Department of Defense entered a strategic and commercial 
relationship with Alexium to develop nano-enhanced textiles for military 
applications.

Innovation

• Nanocoatings are applied around fibers via a “shrinkwrap” effect. Upon
exposure to flames, the FR nanocoating on Nylon forms a nanocomposite char
layer that retards flame and protects against dripping and melting.

Nanotechnology

• Reactive Surface Treatment (RST) is a patented cold microwave curing 
process that controls the nanoscale deposition of chemical functionalities on 
nylon fibers.

Results

• The success of the innovative process in military applications opened the door 
for the wide commercialization of the technology. Alexium and the US Air 
Force Research Laboratory in Florida signed collaborative agreements to 
develop and commercialize the patented technology.
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Drivers

Market size. Nanotechnology continues to contribute to pro-
tection and military related textiles which own the lion share 
of the technical textiles market, predicted to further grow.

Regulatory push. The market demand for Flame Retardant 
(FR) fabrics is high, however, the most effective FR are halo-
genated chemicals which are strictly banned by the US and 
Europe’s regulations due to their bioaccumulation and toxicity.

Customer demand. Although the fire resistant uniforms previous-
ly used by the US military were of high performance, they had 
high costs and low durability.

Barriers

Versatile but flammable. Nylon is a highly versatile and an 
inexpensive material that has many uses and applications 
especially in technical textiles but is inherently flammable.

Upscaling. The transition of the coating technology from labo-
ratory scale to coating millions of meters of annually produced 
nylon is a challenge.

Disruptive technology. The technology has the potential to alter 
the current market with risks of slow adoption especially that 
the first customer is the US military who pursues extensive 
product testing and validation.

Enablers

Eco-friendly. The FR is non-halogenated thus meeting the 
stringent US and Europe’s requirements. In addition the RST 
process is a low energy process with minimal footprint.
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Huge investments. The US government invested over 30 
million dollars to develop the technology and apply it in military 
applications.

Customer and partner. The US DOD is the first customer for 
the FR technology, which secured a stream of initial revenues 
for Alexium.

Successful validation. The technology passed several testing 
and validations conducted by Alexium and the US DOD.

Impact

Award. In 2009, the RST technology was awarded the plati-
num prize WBT World’s Best Technology in the Annual 
Global Investment and Licensing Forum for Emerging 
Technologies.

Intrinsic feature. The enhancements are nanoscopic in range, 
thus the textile is light in weight with no significant change in 
the feel or the breathability of the fabric.

High profits. The technology was primarily targeted at the US 
military, focusing on around 1.4 million soldiers serving on 
active duty and 800,000 soldiers on reserve duty. The technol-
ogy would annually modify at least four million linear yards 
per year achieving high profit margins and the DOD would 
gain nominal royalties on sales.

What’s Next?

Alexium is working on expanding the FR technology appli-
cation to non-textile fabrics such as carpets, furnishings and 
furniture and thus expanding into new markets.
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 RADIATION SHIELD TECHNOLOGIES
Light radiation protection gowns

 

Radiation Shield Technologies was able to fabricate special composite 
fabrics that contain nanoparticles to protect against radiation.

Innovation

• A radiation blocking light and flexible fabric that effectively protects against
radiation exposure (same as lead shields).

Nanotechnology

• Nanostructured composites of radiation protecting nanoparticles of barium, 
bismuth or tungsten compounds dispersed in a plastic polymeric matrix to 
form films that are layered with fabric material.

Results

• Made effective radiation protection vests that are capable of reducing alpha 
and beta transmission and, to a lesser extent, gamma penetration.
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Drivers

Military. Military personnel get in contact with bombs and 
nuclear weapons. As a result, they would need this suit. They 
would also require it to be light to be able to move freely in the 
battlefield.

Medical. Medical personnel working with x-rays and other 
radiations for imaging purposes of patient conditions must be 
protected by wearing suitable suits. The lead suits used to be 
very heavy and the presence of light weight flexible suits was 
always a necessity for ease of movement all day.

Barriers

High cost. The cost and price of such suits is extremely high 
due to the technology and material used in them. Price ranges 
from 2000 to 10,000 dollars per suit.

Enablers

Experience. Radiation Shield Technologies has been work-
ing for a decade now on innovating and designing radiation 
protection suits and fabrics.

Affiliations. The company is affiliated with a number of reputed 
companies in the field of radiation decontamination including 
Powerplus Cleaning Solutions for radiation disasters, CBRNE 
Systems for detection of explosives, Dose Gard for personal 
radiation dosimeters and the New York Iron Works for police 
wear.

Customization. According to the application, the Demron suits 
can be customized to resist chemicals, corrosives and biological 
threats as well as radiation.
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Regulations. Government regulations that require people 
working in radiation exposure areas to wear such protection 
suits are also some of the major enablers.

Impact

Due to the company’s strong market presence, it was capable 
of patenting its technology in several countries.

What’s Next?

The company can make radiation covers for equipment whose 
performance can be affected by nearby radiations. It can also 
develop the suits to be sort of smart suits and enable digital 
components to be integrated in them.

 DUPONT STRETCHABLE CONDUCTOR
Smart computerized shirt

 

Dupont was able to fabricate stretchable conductive wires that are 
invisibly integrated into clothing.
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Innovation

• DuPont developed stretchable electronic ink materials for smart clothing and
other wearable electronics.

Nanotechnology

• It used a conductive paste made from silver nanoparticles that have excellent 
stretchability, adhesion and conduction. The paste is encapsulated to withstand 
washing.

Results

• DuPont was able to develop wearable electronics that are designed to deliver 
stable performances despite repeated elongation. Smart clothing enabled by 
DuPont inks is washable and durable—it can withstand up to 100 wash cycles. 
The stretchable circuits are seamlessly fused with standard fabrics allowing for 
unprecedented comfort and freedom in wearable electronics design. The 
stretchable ink is compatible with a wide variety of fabric and film substrates 
as well as fabrication processes.

 

Drivers

Data acquisition for athletes during training. Monitoring devices 
for the vital signs of athletes doing exercises need to be lighter in 
weight and to not be bothersome to athletes during training.

Tracking the position of soldiers during battles. The ability to 
track soldiers in the battlefield without burdening them with 
heavy tracking devices is necessary as they already have to 
carry heavy weapons and be swift during battles.

Health monitoring in patients. Patients need lighter monitors 
to be attached to them so they can freely turn over in bed, 
especially bedridden patients. This can be solved by the use of 
wearable electronics.

Barriers

Safety. The integration of circuits and wiring without any electric 
shocks or adverse health effects is challenging. However, the en-
capsulation technology made by DuPont has enabled the isolation 
of the flexible electronics from the bodies of the wearer.

Cases
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Ease of fabrication. It is not easy to fabricate such a technology, 
however, DuPont’s two century experience and strategic di-
rection of spending on research to provide advanced materials 
allowed it to fabricate such smart clothing.

Durability. DuPont’s clothing achieved the ability to withstand 
washing and stretching through the encapsulation technology 
and stretchable conductive pastes.

Enablers

Advancement of the Technology. The advancement in nano-
technology and in polymer science has enabled the design of 
flexible conductives made from dielectric polymers, silver and 
other metal nanoparticles.

Experience and long standing market presence. DuPont has 
been in the market for over two centuries designing high 
quality fibers and fabrics and gaining experience. It has also 
allocated intensive research in new technological areas like 
 nanotechnology. This earns the company its place as the 
world’s most innovative science company because it was 
capable of turning scientific breakthroughs into commercial 
breakouts.

Collaborations. DuPont made many collaborations on the 
wearable electronics products that it made including collabo-
rations with North Carolina State University, and the National 
Science Foundation Nanosystems Engineering Research 
Center on Advanced Self Powered Systems of Integrated 
Sensors and Technologies.

Impact

A complete product profile was developed that enables attach-
ment of sensors, touch screens, cameras and other electronic 
options. Products are not only used for wearable clothing but 
also for textiles, décor or flexible circuit boards.

9 Textile Applications
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What’s Next?

The next step for this technology would be designing electron-
ic wear to be used in hospitals that, not only detect health vital 
signs, but also administer doses of medication in response to 
a patient’s status.
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    Chapter 10   
 Sports Equipment                     

          Nanotechnology greatly contributed to the growth of the sports mar-
ket by making sports equipment more popular. This chapter shows 
how nanotechnology could add enhanced features to sports equip-
ment by making it lighter and stronger. The chapter will further dis-
cuss how the sports equipment market is enjoying a unique 
privilege—that the consumers are athletes whether amateurs or pro-
fessionals—over other markets. This privilege encouraged sports 
equipment manufacturers to invest in nano based equipment. 
Consumers are usually well educated and health-conscious, so they 
are willing to pay more for better performing equipment. Nanomaterials 
are to known to add unique features to sports equipment and many of 
the nano-enhanced equipment has granted better performances to ath-
letes in worldwide competitions and in Olympic games. The latter 
case, however, is still under debate because nano-enhanced equip-
ment is more expensive and not all athletes can afford it, meaning that 
not all athletes have equal opportunities in competitions. 

    Introduction 
 Sports equipment researchers are continuously developing and 
improving sports equipment. Nanotechnology is the most convenient 
and effective technology that can be employed to enhance sports 
equipment performances. The sports equipment market serves a cer-
tain segment of well-educated consumers who are especially con-
scious about their health. Therefore, such consumers are highly 
willing to pay extra costs for better performing sports equipment. 

 Sports equipment manufacturers who decided to develop their 
products using nanomaterials used a smart marketing strategy by 
introducing their nano enhanced products into Olympics and having 
them used by famous athletes. This facilitated the rapid adoption of 
nano-enhanced products by consumers. The market potential of 
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sports equipment is expected to reach 72.8 billion dollars by 2016 
[ 1 ]. Thus, there is huge potential for nanomaterials to be incorporated 
in sports equipment. 

 Scientists have found many applications of nanotechnology in 
sports equipment. They managed to produce stronger and lighter 
weight equipment. Minute changes in sports equipment using nano-
materials produce signifi cant positive changes in performances and 
reduce the incidence of injuries. These minimal changes are major 
contributing factors in winning or losing a competition.  

   Cases 
    EASTON BIKES     EASTON BIKES 

  Superlight and strong bicycles 

     

    Easton bicycle division partnered with the nanotech company Zyvex 
to strengthen the resin used in its bicycle components.

10 Sports Equipment
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Innovation

• Zyvex is able to chemically treat carbon nanotubes CNT using its patented
Kentera technology to disperse them uniformly in the resin used in bike
manufacturing.

Nanotechnology

• CNT embedded in a resinous matrix—in the spaces surrounding carbon fibers 
within the matrix.

Results

• Easton was Zyvex’s first commercial customer for the CNT technology.
Easton’s success in nano-enhanced bikes enabled it to enter new markets by
applying the CNT technology in hockey sticks and baseball bats.

  

    Drivers 

   Technology push . Nanomaterials can add unique enhance-
ments in the weight or strength of bikes as the slightest chang-
es can boost performance.  

   World level championships . The Olympics and the World Cup 
have made the sports equipment industry highly popular and 
have stimulated the incorporation of new technologies.  

   Market size . CNT market is expanding with sporting equip-
ment constituting around 14 % [ 1 ] of its annual consumption. 
This fi gure is expected to grow even more in the near future.   

  Barriers 

   Disruptive technology . Ever since the discovery of carbon 
nanotubes’ in 1990, many advancements have been achieved 
to optimize their synthesis and price, yet they are still too ex-
pensive and complex to deal with.  

Cases
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   Higher end price . The nano-enhanced bikes are commercialized 
at upper-end prices which makes them unaffordable by many 
athletes in competitions. Many call for restricting nano- 
enhanced equipment in competitions to be able to judge the 
results fairly.  

   Technical hurdles . As an early adopter of Zyvex’s technology, 
the company faced many challenges in its attempt to optimize 
the best performing dispersion conditions for the CNT in the 
epoxy resin of bicycles’ components.   

  Enablers 

   Skilled partner . Zyvex, Easton’s CNT technology supplier, 
is claimed to be the fi rst molecular nanotechnology company 
that worked on developing the technology with NASA.  

   Entrepreneurial initiative . Easton was one of the earliest 
companies that decided to with experiment nanotechnology to 
improve its equipment.  

   Nano privilege . CNT, as a nanostructure, are as stiff as diamonds 
and 100 times stronger and six times lighter than steel which 
makes them the ideal nanostructure for improving bikes.   

  Impact 

   Ahead of the game . With the launch of the world’s fi rst nano- 
enhanced bicycle, Easton held a leading position in the market and 
achieved good sales and trust from champion road racing cyclists.  

   Competitive advantage . The CNT imparted 10–20 % [ 2 ] higher 
toughness and strength to the bike frames. At the same time, 
they had much lower weights and longer life spans compared to 
traditional bike materials.  

   Swiss customer . BMC, a leading Swiss Bicycle manufactur-
ing company, is the fi rst company to employ Easton’s CNT 
 technology in the frames of its Pro-machine bicycles and won 
the gold award for design in the Eurobike show.   

10 Sports Equipment
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  What’s Next? 

  More stiffness at lighter weights is the magical solution to 
many applications in the automotive and aerospace industries, 
thus providing potential markets for the technology.     

    MARUMAN GOLF CLUBS     MARUMAN GOLF CLUBS 

  Golf clubs with stronger impacts 

     

    The Japanese golf equipment company Maruman & Co. uses nano-
technology to enhance its product lines.

   

Innovation

• The nanoparticle developed by Maruman is made of titanium which adds great
strength to the drivers and at the same time great flexibility.

Nanotechnology

• The company used Fullerene titanium, a high stiffness nanomaterial.

Results

• Maruman’s nano enhanced Majesty series is sold at premium prices to exclusive
golfers. The series is prized and was listed in the Forbes magazine as the most
expensive set of golf clubs worldwide.

  

Cases
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    Drivers 

   Market potential . The global market for sports equipment in 
2011 was valued around 64.9 billion dollars and is expected to 
reach around 72.8 billion dollars by 2016 [ 1 ].  

   Market trend . Nanotechnology is penetrating different markets 
with real life added benefi ts in many industries. The sports 
and leisure market is a valuable market opportunity for nano- 
enhanced products.  

   Innovation strategy . For over 35 years, Maruman has been 
engineering its golf equipment with the most updated technol-
ogy innovations and is the fi rst to apply nanotechnology in 
golf equipment.   

  Barriers 

   Governing bodies . There are no rules that govern nanotechnol-
ogy in sports equipment. Many of those opposing the technol-
ogy are afraid that nano-enhanced equipment would mask the 
actual athletic performance which may lead to a complete ban 
to nano-enhanced equipment in offi cial competitions.  

   High expenses . Because nanotechnology is very new in the 
fi eld, its implementation in golf clubs required Maruman to 
build its own know-how which was costly. Additionally, 
the processes to manipulate metals at the nanoscale were 
expensive.  

   Most golfers are traditionalists . Nanotechnology is a develop-
ing fi eld and many golfers are not aware of its signifi cant con-
tribution in products. This poses risks such as consumer fear 
of anything nano and slows the adoption of nano-enhanced 
products.   

10 Sports Equipment



189

  Enablers 

   Premium consumer . Golf is a luxurious sport. Golfers are 
accustomed to paying premium prices for better and more 
prestigious golf equipment.  

   Design and analyses . Maruman has a long history of over 
20 years in using computer aided design systems and Finite 
Element Method (FEM) stress analysis to precisely design the 
thickness of its drivers’ heads.  

   Intellectual golfi ng . Maruman’s commitment to innovation and 
to the implementation of the latest technologies led it to de-
velop a unique titanium called Fullerene Titanium. The devel-
opment is patented and added to the company’s full library of 
patents.   

  Impact 

   Intrinsic features . The driver face is ultrathin and hard to 
deform producing stronger, lower weight golf clubs that can 
propel balls farther (15 extra yards).  

   International presence . Maruman’s innovative golf equipment 
enabled it to successfully expand its presence in Europe and 
North America through participating in offi cial golf shows and 
the US Professional Golf Tours.  

   Internal . Since the launch of its nano enhanced products, 
Maruman achieved great sales records on local and interna-
tional scales.   

  What’s Next? 

  Maruman & Co. is continuously observing the recent tech-
nological trends to improve its product lines and introduce 
innovative versions from its existing golf clubs series.     

Cases
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    WILSON NCODE TENNIS RACQUETS     WILSON NCODE TENNIS RACQUETS 

  Better serves with Wilson nCode series 

     

    Wilson, a leading company in sporting goods, introduces nanotech-
nology in its tennis racquets.

   

Innovation

• Tennis Racquets are normally made of billions of woven carbon fibers that
contain microscopic spaces in between. These gaps act as weak points that
compromise strength. Thus, Wilson attempted to fill these gaps with
nanoparticles to add extra stiffness and stability.

Nanotechnology

• The company used Silica nanoparticles.

Results

• In less than 3 months after Wilson introduced the nCode series, the racquets
became the bestselling in the high end markets.

  

    Drivers 

   Market demand . To fulfi ll the market needs, tennis racquet 
manufacturers are always aiming to manufacture tennis rac-
quets that will retain their stiffness and will not become soft 
with time.  

10 Sports Equipment



191

   First choice by top players . Wilson’s racquets has maintained 
a strong position among the world’s top tennis players since 
1949. This coerces the company to invest in developing the 
quality and performance of its equipment to keep its position.  

   Sporting chance for nano . According to the Tennis Industry 
Association, the sales of tennis racquets have been down for 
over a decade, which presents an opportunity for early adopters 
of nanotechnology in their equipment to re-attract consumers 
and revive the market.   

  Barriers 

   High cost . Nanotechnology in sports equipment is expensive 
and challenging. Retailers are slowly introducing nanotech-
nology enhanced products to observe fi rst their market acceptance 
and adoption.  

   Consumer learning . Most retailers are unaware of the con-
cepts and applications of nanotechnology in sports equipment. 
This requires manufacturers like Wilson to work on enhancing 
the learning of its customers.  

   Consumer decision . Nanotechnology enhancements are invis-
ible and consumers’ buying decisions are affected greatly by 
visible features.   

  Enablers 

   Long history . Wilson was one of the early introducers of nano-
technology in its golf equipment as it launched it in 2004 and 
ever since, it has been developing and expanding its application 
in all its product lines.  

   Market leader . Wilson is a global market leader with 25 % 
share in global tennis balls and 36 % share in global tennis 
racquets. It invests heavily in the latest technologies to maintain 
its position.  
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   Endorsements . Wilson attempts to increase the popularity of its 
newly introduced racquets by outlining and marketing that each 
series is the premium choice of one of the top tennis players.   

  Impact 

   High performance . The nCode series proved to be 22 % [ 3 ] 
more powerful, twice as stable and as strong as comparable 
tennis racquets in the market.  

   Premium user . Wilson’s nCode series achieved, through 
nanotechnology, great enhancements that they became the 
racquets of choice by number one men’s player Roger Federer 
at Wimbledon 2009.  

   Product line development . The success of the nCode series in 
the market led Wilson to further enhance and optimize them 
and introduced the K series in 2007 followed by the BLX line. 
All are employing nano-enhanced features.   

  What’s Next? 

  Wilson is investigating the use of new materials that are 
cheaper which will enable the company to reduce the costs of 
the nano-enhanced racquets and increase their revenues.         
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Chapter 11
Nutraceutical Industry

With the increased costs associated with diseases and their treatment, 
nutraceuticals are being increasingly adopted by different consumers. 
Nutraceuticals represent a certain class of dietary supplements that 
are able to achieve both health and medicinal benefits. However, 
some nutraceutical ingredients suffer from poor delivery, insolubility 
and undesired side effects. The introduction of nanotechnology 
within the nutraceutical industry allows it to overcome such prob-
lems. Thus, several nano-based nutraceutical products already exist 
in the market. Nevertheless, safety concerns have risen concerning 
such nano-based nutraceuticals because, as the material decreases to 
the nanoscale, its ability to diffuse into different parts of the body, 
including the blood brain barrier, increases. Thus, this necessitates 
the conducting of intensive safety studies for these products. It should 
be noted, however, that the lack of regulations concerning nano-
based nutraceuticals has allowed easy entrance of different products 
into the market.

 Introduction
Nutraceuticals is a class of dietary supplements that is able to achieve 
both medicinal and health benefits. Nutraceuticals are able to pro-
vide the main nutritional values of food in addition to treatment and 
prevention of diseases to some extent. Nutraceuticals are mainly 
used in functional foods and dietary supplements. Since the 1990s, 
there has been a considerable consumer interest, especially in devel-
oped countries, towards healthy diet and nutraceuticals in an attempt 
to reduce the expensive costs associated with diseases and their 
treatment [1].

The global nutraceutical industry reached 50.4 billion dollars in 
2010 [1] and is expected to reach 204.8 billion dollars by 2017 
with a compound annual growth rate of 6.3 % [2]. However, nutra-
ceutical ingredients suffer from poor delivery characteristics where 
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only a fraction of the administered dose actually gets into the sys-
tem and exerts its required effect. In a multivitamin pill, for exam-
ple, it was found that only 45 % of the people are able to break the 
administered pill fast enough to absorb its ingredients into their 
system [2].

Nanotechnology is now enabling the delivery of hard to deliver 
nutraceutical ingredients like botanical extracts, fat soluble vita-
mins, nutrients and peptides into their required sites and in the 
required doses [3]. Nanoemulsions and polymeric micelles based 
delivery systems were found to enhance the bioavailability of 
nutraceutical ingredients. In nanoemulsions and nanomicelles, the 
compound of interest is entrapped within a lipid based delivery 
system. Such approach was found to enhance the thermodynamic 
and kinetic stability and the ability to deliver the required nutraceu-
ticals through cell membranes as well as the feasibility of combin-
ing both hydrophilic and hydrophobic ingredients within the same 
formula [4]. Moreover, it was found that such delivery systems 
enhanced the oral bioavailability and the efficacies of the delivered 
nutraceuticals [4].

Notably, though, there are safety concerns associated with nano- 
based nutraceuticals. As an ingredient decreases in size to the 
nanoscale, there is an increase in its surface to volume ratio, which in 
turn increases the material’s solubility, bio-kinetics and absorption. 
Thus, upon formulating a nano-based nutraceutical, the ingredient 
optimum nano-size concentration absorbed as well as other related 
safety studies must be well established [2].

11 Nutraceutical Industry
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Cases
 FRUTAROM FLAVORS FOR FOOD AND BEVERAGE

Oily flavors in aqueous media without two phase separation; 
nanocapsules of flavors for the food and beverage industry.

 

Through the utilization of nanocapsules, oily flavors and ingredients 
were able to be incorporated in aqueous media.

Innovation

• Clear and stable integration of (lipophilic) oily ingredients and flavors into
aqueous beverages without the occurrence of two-phase separation.

Nanotechnology

• The nanotechnology used were nanocapsules. This technology allowed 
functional lipophilic (oily) ingredients like catechins, CoQ10, lycopene and 
phytosterols to be integrated into an aqueous phase.

Results

• Nanocapsule based flavors are currently marketed worldwide by Frutarom in the
United States.

 

Cases
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Drivers

Consumer Demand. Since the past decade, consumers of de-
veloped countries have established an increased tendency and 
focus towards health and wellness [5, 6].

Governmental Support. USDA and FSA support research and 
development of functional food, nutrient delivery systems as 
well as methods of optimizing food appearance [6].

Strong Market. Nanotechnology is progressing in the food and 
drink industry which necessitates that all companies, should 
they wish to thrive in such a market, stay on top of this dy-
namic development [1].

Barriers

Scaling up. Scaling up the manufacturing process is a diffi-
culty facing nano-enabled technologies as it requires special 
characterization techniques [7].

Nano-based R&D. The required expertise and infrastructure 
for nano-based research and the required development is ex-
tremely challenging [7].

Public Acceptance. Public acceptance still represents a major 
hurdle against nanotechnology inclusion within the food in-
dustry [7, 8].

Enablers

Increased Nano-based R&D. In the previous decades nano- 
based research has increased, especially in developed coun-
tries [7].
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Partnerships. A joint venture between Hebrew University of 
Jerusalem (technology developer; Nutralease) and Frutarom 
(technology marketer) has enabled the commercial success of 
such an innovation [7, 9].

Buyer pull strategy. There has been recent increased demand 
for healthier foods. This demand increase has been a major 
factor in the increased consumer acceptance for nano-based 
products.

Impact

Internal. The developed technology extended into a number 
of products. It has also enabled the chances of strong partner-
ships with major industries like the Shemen industry.

Industry. The technology developed has also been extended to 
cosmetics and the delivery of essential oils and drugs. It has 
been distributed in the United States, Mexico and Canada [8].

Consumer. Nanotechnology enhanced the developed prod-
ucts by allowing the incorporation of oily phase in aqueous 
phase in a clear solution with no phase separation. Moreover, 
through Nutralease, innovation junk food can be turned into 
health food [7].

What’s Next?

The developed nanocapsules could be further used in other 
food and dairy industries for inclusion of oily ingredients in 
aqueous media and vice versa. Furthermore, such nanocap-
sules could be used in cosmetics for inclusion of vitamins and 
other ingredients in the cosmetics thus increasing their bio-
availability and improving the consistency.

Cases
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 SHEMEN INDUSTRIES: CANOLA OIL
Canola oil that is actually able to decrease cholesterol level

 

Nano-Sized Self-Assembled Structured Liquids (NSSL)—minute- 
compressed micelles—used in the canola active oil industry. Such 
technology allowed the incorporation of insoluble phytosterols in the 
oil which allow reduction in the intake of cholesterol.

Innovation

• Shemen Industries, in its canola active oil, was able to integrate insoluble
phytosterols in the produced oil. Phytosterols inhibit the transportation of
cholesterol from the digestive system to the bloodstream, thus lowering the
cholesterol level and decreasing the risk of heart disease and stroke.

Nanotechnology

• Nano-Sized Self-Assembled Structured Liquids (NSSL) which are minute-
compressed micelles are used in Canola Active Oil. The nanoscaled micelles 
contain and solubilize the phytosterols to increase their bioavailability. 

Results
• The developed technology allowed the oil to reduce cholesterol intake by 14%.
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Drivers

Consumer Demand. Over the past decade, the major food and 
beverage companies have undergone fundamental strategic 
shifts to take into account the increasing consumer focus on 
health and wellness [5, 6].

Investment reduction versus strong market. The technology 
was already developed by the Nutralease startup company and 
success was achieved in the products adopting the technology. 
Thus, no new investment was required by Shemen Industries 
to be spent on R&D.

Decrease in company’s profit. In 2001, the worldwide crisis in 
high-tech and capital markets has earned Shemen Industries 
control of about 47 % of the sales of the edible oil market to 
achieve low profits of less than 3 % [10].

Barriers

Science philosophy debate. Debate around nanotechnology is 
similar to the debate around Genetically Modified Organisms 
(GMOs) in being a new technology with benefits to the prod-
uct but at the same time not accepted by the consumer due to 
fear of side effects.

Lab to market transition. Transition from the lab to the mar-
ketplace is a long and tortuous path that requires intensive 
funding, collaboration, patenting, licensing, regulatory ap-
proval and consumer acceptance [7].

Food technology neophobia. “Better safe than sorry” is the 
consumer’s perception about nanotechnology [11]. Food tech-
nology neophobia affects perceptions of the benefits of nano-
technology.

Cases
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Enablers

Developed technology and partnership. The technology used 
by Shemen Industries in its canola oil was already developed 
and applied by Nutralease. This was a huge enabler for Shemen, 
achieved through partnership with Nutralease industries.

Lack of regulations. In January 2012, the FDA was sued for 
lack of regulation of existing products on the market.

Buyer pull strategy. The recent increase in demand for health-
ier food has resulted in an increase in consumer acceptance 
of nano-based products. The developed nanocapsules have al-
lowed the consumption of oil while decreasing levels of cho-
lesterol and heart disease [7].

Impact

Internal. The nano-based products allowed the company to 
face the decrease in profits that occurred in 2001. In 2001, the 
company decided to adopt a new marketing strategy which 
depended on making consumers perceive the new products of-
fered by the company from a quality point of view rather than 
from a price point of view. This enabled it to acquire new mar-
ket shares for its products [10].

Industry. The canola nano-based oil developed by Shemen 
was regarded as one of the top five nanotechnology products 
by Forbes in 2005.

Consumer. The consumer can enjoy using oil without having 
to fear the risk of cholesterol or heart disease [12].

What’s Next?

The present innovation allowed the inclusion of beneficial nu-
trients, ingredients and supplements that face problems with 
solubility. It can be used to convert normal food into nutraceu-
ticals; i.e. deliver vitamins and medications through the food 
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we eat. For example, multivitamin ice-cream can be developed 
for children. Moreover, such innovation can be extended to the 
cosmetic industry allowing two immiscible components to be 
incorporated together homogeneously.

 AQUANOVA WEIGHT MANAGEMENT FORMULA
Two products for weight management in a single dose

 

Aquanova, a supplier of liquid formulas, has developed nano- micelles 
for the simultaneous delivery of active ingredients for weight man-
agement in a single dosage form.

•

•

•

Innovation

Aquanova has developed a new technology —NovaSol technology—that
combined two active substances for fat reduction and satiety into a single
nano-carrier and thus a single dosage form. The new approach is used for
intelligent weight management.

Nanotechnology

Nanomicelles of an average of 30 nm in diameter allowed the delivery of 
CoQ1O to address fat reduction and alpha-lipoic acid for satiety together in a 
single carrier.

Results

Due to the success of the NovaSol technology, it was also tried and developed
to create other products like vitamin E preparation that does not cloud liquids
and a vitamin C preparation. Moreover, Aquanova recently won the Beverage
Award 2009 as “best new ingredient” for its new NovaSol enabled product
line. In 2006, Aquanova received the “Excellence in Technology Award”.

 

Cases
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Drivers

Consumer Demand. In developed countries the food indus-
try is currently driven by the need for fresher and healthier 
food [6].

Improving ingredients efficacy. Usually the body converts 
the nutrients into micelles before it can use them. Thus, if 
the ingredients are delivered already miscelled, as was done 
through Aquanova’s nano-based weight management formula, 
this cuts down the amount of ingredients that would otherwise 
be lost in the conversion process [13].

Product differentiation. The company’s strategy to develop the 
product was to achieve product differentiation and avoid the 
hype surrounding other weight loss products in the market [13]. 
The nano-based technology enabled the company to develop, 
for the first time, a natural combination for weight management 
and weight maintenance in a 30 nm micelle allowing for better 
delivery to the body.

Barriers

Safety. If nano-nutritional additives and supplements provide 
an excessive dose of some vitamins or nutrients, these may 
have a toxic effect or interfere with the absorption of other 
nutrients. Nano-agglomerates is another problem that may 
arise from nano-based supplements [14].

High cost R&D. The development of Aquanova’s nano-based 
weight management formula was funded by Aquanova itself 
in a six figure R&D budget [13].

Public acceptance. A study on public acceptance of nanotech-
nology in foods and food packaging found that it was more 
accepted to include nanotechnology in the packaging than to 
include it in the food. However, in both cases participants were 
hesitant to purchase the product [8].
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Enablers

Strong scientific foundation. The strong scientific foundation 
of Aquanova allowed it to develop the NovaSol technology in 
a six digit R&D process according to corporate development 
manager Frank Behnam [13].

Partnership. Aquanova’s partnering with Degussa to develop a 
soluble and bioavailable form for one of the ingredients resulted 
in the launching of a new product. Moreover, Aquanova used 
the technology to create a vitamin E ingredient that does not 
cloud liquids and a vitamin C in partnership with BASF [13].

Buyer-pull strategy. The company expected that the product 
could be particularly well received in the US where weight 
management is a big issue.

Impact

Internal. The NovaSol technology used by Aquanova was 
extended to other products produced by the company like 
SoluE and SoluC [13]. Just recently Aquanova used this tech-
nology to formulate a soluble form of the magical ingredient 
curcumin [15].

Market shares. The NovaSol technology allowed Aquanova 
to acquire new market shares in strong markets like functional 
food and nutraceuticals markets.

What’s Next?

The developed NovaSol technology could be easily integrated 
into different food products converting them into functional 
foods and nutraceuticals, i.e. deliver vitamins and medications 
through the food we eat. The NovaSol technology could also 
be used in cosmetics and pharmaceutical industry as in drug 
delivery and impregnated wound dressings.
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 RBC LIFE SCIENCES: CHOCOLATE SHAKES
Chocolate that does not increase weight!

 

RBC Life Sciences, through the use of nanoclusters, was able to intro-
duce chocolate shakes suitable for weight management.

Innovation

• RBC Life Sciences introduced its chocolate product that allowed enhanced
cocoa flavor without the need for excess sugar. This strengthened the sweet
taste of chocolate without the associated weight gain.

Nanotechnology

• The used technology constituted nanoclusters of nanosized silica particles 
covered with molecules of chocolate flavor. The increase in the surface at the 
nanoscale allowed for increased flavor without the need for excess sugar.

Results

• Through the utilization of the new nano-based technology, RBC life sciences
was able to develop a new line of skincare and nutritional supplements and
managed to internationally expand and create new distribution channels.

 

Drivers

Demand Pull. There has always been a strong need among 
consumers to enjoy sweet food without the fear of excessive 
weight gain and other health risks due to the presence of extra 
sugar [7].

11 Nutraceutical Industry
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Growing market. Nanotechnology will continue to progress within 
the food and drink industry, especially in the developed world. In 
order to stay within this dynamic competition and progress, compa-
nies need to be part of the nanotechnology revolution [1].

Increasing cost of health care. The high cost of healthcare es-
pecially in developed countries was an important driver for 
consumers towards dietary supplements and healthy food to 
help them avoid health issues and related cost [1].

Barriers

Safety. Concern about the possibility of migration of the sili-
ca nanoparticles to inaccessible parts of the body has always 
been a major concern [16].

Required expertise, technology and cost. To reach such inno-
vation, costs are required for obtaining the required expertise 
and technology [1].

Public acceptance. Public acceptance of nano-based food still 
represents a major hurdle against the widespread use of nano-
technology in food products [17].

Enablers

Science push. The increased research as well as application of 
nanotechnology in the nutraceutical and functional food fields 
has enabled different companies to increasingly adopt and im-
plement the technology.

Strong R&D. RBC Life Sciences possessed a strong R&D 
center that enabled it to introduce nanotechnology solutions to 
many of its products including the chocolate shake [18].

Maneuvering FDA approval. RBC benefited from the confu-
sion over the existing regulations of nanomaterials as it de-
pended on silica being Generally Regarded as Safe (GRAS) 
by the FDA and that no new regulation existed for a material 
when its size decreased to the nanoscale [19].

Cases



206

Impact

Internal. After the success of its chocolate shake product, 
the company launched a new line of skincare and nutritional 
supplement products.

Market operations. Attracted by the new line, new distributors 
joined RBC and created new markets [19].

International expansion. A 10 year agreement was signed by 
the company that allowed its licensee in the former Soviet 
Union to continue. Moreover, the company expanded in new 
countries like Eastern Europe, Finland, Israel and Greece [19].

What’s Next?

The technology developed by RBC Life Sciences allowed the 
use of less loaded material—chocolate—to achieve the same 
desired result—flavor. This was made possible by the increased 
surface-to-volume ratio of silica nanoparticles. Such technology 
can be applied to different fields like the pharmaceutical industry 
and the food and beverage industry. It can also be applied to the 
fragrances added to detergents used for clothes, decreasing their 
added concentration and increasing their penetration.

 O’LALA CHOCOLATE GUM
Finally chocolate chewing gum!
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Nanotechnology enables the introduction of the first chocolate flavored 
chewing gum.

•

•

•

Innovation

For the first time O’lala was able to produce chocolate chewing gum since usually fats
found in cocoa butter cause the chewing gum to fall apart.

Nanotechnology

The technology involved used nanoscale crystals of cocoa butter that allowed or 
modified surface morphology and resulted in a gum with a creamier texture and 
chocolaty flavor.

Results

The first chocolate gum was finally produced. Such chocolate gum was developed to
be sugar free and fat free thus making it a chocolate alternative for those trying to
maintain their weights and for diabetic patients. The product was selected as one of the
top ten products according to Forbes.

 

Drivers

Unmet challenge. Chocolate gum was usually impossible to 
produce since fat breaks the bonds required to hold the gum 
together.

Market opportunity. Implementing nanotechnology allowed 
utilizing decreased concentrations of cocoa clusters to present 
new market possibilities like markets of diabetic consumers 
and markets with consumers regulating weight.

Strong market. Adding health benefits to chocolate gum 
through its low sugar and fat content allowed it to enter into 
the market for functional foods, which has been witnessing a 
strong rise in the past few decades [20].

Barriers

Research and development. Extensive research is required to 
allow developing a product that delivers creamy low fat 
flavors and at the same time has the same mouth feel and taste 
as high fat products.
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Venture financing. O’lala started as a small startup; its source 
of financing relied mainly on persuading venture capitalists to 
invest in the company [20].

Public acceptance. As with all nano-products of food, public 
acceptance is a barrier that will be overcome solely through 
consumer education.

Enablers

Nano-trend; nano-research. The increase in the nano-based 
research in the last decades made it possible to modify the 
high fat and sugar properties of chocolate.

Collaboration. O’lala collaborated with Ford Gum & Machine 
Co. to help manufacture O’lala’s product concept.

Impact

Internal; line of novel products. After O’lala witnessed its suc-
cess in gum, it utilized the same technology to produce other 
innovative food and beverage products to overcome problems 
that have always existed in these products like taste, efficacy 
and bioavailability [21].

Partnerships. After the company’s gum production and 
success, it was able to establish a relationship with Sugar 
Mountain Candy, one of Canada’s largest independent candy 
retailers [24].

Market. Since the production of O’lala gum, the product has 
had sustained and substantial growth. Its market presence was 
strengthened by establishing relations with a large number of 
retail outlets [21].

What’s Next?

The technology developed by O’lala allowed the conversion 
of high fat and sugar content foods to healthier foods with low 
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fat and sugar content. This sheds light on the fact that such a 
technology can be successfully integrated in the food oil and 
margarine industry as well as the desert and sweet industries.

 ADVANCED SPORTS NUTRITION: CREATINE
Creatine with no side effects!

 

Advanced Sports Nutrition (ASN) introduced creatine without the 
associated side effects. This was achieved via the reduction of the size 
of the ingredients to the nanoscale.

Innovation

• ASN offered sports drinks with ingredients that are at the nanoscale. The nano-
enabled product was able to overcome side effects associated with creatine like
stomach upsets and headaches.

Nanotechnology

• The nanotechnology involved the inclusion of ingredients prepared as 
nanoparticles, thus maximizing uptake. It also decreased side effects due to 
reduction of the administered dose.

Results

• Market lead was achieved with its nano-based sports products. ASN’s nano-
enabled creatine product is the first product on the market with creatine as a
main ingredient. The fact that it is at the nanoscale helps overcome the
problems usually encountered with creatine.
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Drivers

Demand pull. The problems that were associated with creatine 
administration were so troubling to the point that many ath-
letes stop taking it despite its benefit [22].

Market lead. Developing a creatine that is devoid of the prob-
lems normally encountered with creatine will allow the com-
pany to be the first in the market to develop such a product and 
achieve market lead in such an important market [22].

Cost effectiveness. The company realized that nanotechnology 
and developing nanomaterials was more expensive. On the 
other hand, it noted that on the long term, it is more cost effec-
tive as it would be paying less and for a better result.

Barriers

Research and development. A high standard process of research 
and development is required to optimize a successful prod-
uct, especially when this product is developed for human 
consumption.

Legislative hurdles. Due to absence of clear regulatory stand-
ards, the industry is not encouraged enough to develop nano- 
based food or food related products, especially with the presence 
of many consumer groups who are often criticizing nano-based 
products and raising the alarm of the public.

Public acceptance. Being acceptance by the public is still a 
main barrier against the development of new nano-products 
within the food sector. This is mainly due to the little infor-
mation available about nanoparticle properties as well as their 
potential impact [17].

Enablers

Company and lab cooperation. ASN cooperated with different 
laboratories who were considered among the most reputable 
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laboratories in the world to discover how to overcome the side 
effects associated with taking creatine [22].

Market need. The patients’ needs to overcome the drawbacks 
they encounter with other creatine products in the market is 
a buyer pull strategy that enabled the marketing of the newly 
developed product and making it free of such drawbacks.

Strong scientific and industrial foundation. ASN is the only 
company in the world in that field that has exclusive access 
to the most advanced processing technology and purest ingre-
dients [23].

Impact

Internal. The nanotechnology used by the company in its 
nano- enabled creatine product was extended to multiple products 
produced by the company.

Consumer. The product greatly improved the bioavailability 
of creatine and overcame the downsides encountered by 
consumers.

Market lead. The nano-enabled creatine product allowed 
ASN to achieve market lead with its development of the first 
creatine product in the market free of creatine’s usual disad-
vantages [23].

What’s Next?

ASN prepared the main ingredients of its sports drinks in the 
nanoscale which increased their bioavailability, thus decreas-
ing the administered dose and decreasing the accompanied 
side effects. Such technology could be extended to drugs and 
cosmetics. It could also be extended to food components so as 
to enhance their effect and decrease their added concentration. 
Such food components include food coloring, artificial flavors, 
salt and sugar.
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 SHENZHEN TEA
Tea with enhanced flavor and properties.

 

Shenzhen reduced the size of the tea particles to the nano range resulting 
in tea with an enhanced flavor and an enhanced selenium supplement.

•

•

•

Innovation

Nano-tea with enhanced flavor and enhanced supplement of selenium.

Nanotechnology

Tea particles decreased to the nanosize. The nano-tea enhances the release of 
all the excellent essences of tea. Moreover, it boosts the adsorption. It also 
acts as an excellent supplement of selenium increasing its concentration by 
about ten times.

Results
Shenzhen Tea was considered as the first nano-tea with enhanced properties.

 

Drivers

Science push. Nanotechnology research and nano-enabled 
products have witnessed a massive increase in the last few 
decades. This nano-trend represented a science push in differ-
ent fields.
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Improving ingredients efficacy. Decreasing the size of the tea to 
the nanoscale increases its bioavailability and absorption. It also 
enhances the flavor and provides a better supply of selenium.

Product differentiation. Developing a nano-tea will allow 
Shenzhen to achieve product differentiation among the numer-
ous kinds of tea products in the market.

Barriers

Safety. The enhanced absorption associated with the small 
size can lead to an excessive dose of certain nutrients which 
can be toxic or interfere with the adsorption of other nutrients. 
Moreover, nano-agglomerates represent another problem that 
may face nano-based foods.

Infrastructure and R&D. Advanced research, expertise and in-
frastructure are necessary requirements for the optimization 
and implementation of the new technology.

Learning process. A good learning process is required to adver-
tise the enhanced properties of the nano-based tea to achieve 
the competitive advantage of the newly developed product.

Enablers

Increased nano-research and products. The increase in re-
search and nano-based products, especially in the functional 
food field, allowed Shenzhen to develop its nano-tea.

Lean regulatory guidelines. The confusion over the existing 
regulations concerning nanomaterials allowed the approval of 
nano-tea.

Impact

Internal. Acquiring the expertise and technology that allowed 
the development of nano-tea could open the door for Shenzhen 
to extend it to other products.
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Market lead. Having introduced the first nano-tea in China, 
Shenzhen achieved market lead in this sector.

Consumer. The enhanced flavor and the increased supply of 
selenium resulted in consumer satisfaction.

What’s Next?

Shenzhen decreased the size of the tea to the nanoscale to increase 
its bioavailability and enhance the absorption thus enhancing 
flavor. Such a technology could be extended to different kinds 
of foods like coffee, sugar, salt and spices. It could also be 
extended to the nutraceutical field and food supplements by 
decreasing the size of the delivered components to increase 
their effectiveness.
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Chapter 12
Packaging Applications

Nano-based packaging represents a fast growing segment within the 
packaging industry due to its ability to satisfy consumer needs as well 
as its ability to add and enhance multiple properties within the packag-
ing systems. Such properties include improvement of the mechanical 
properties, antimicrobial properties, smart detection systems of spoil-
age and ripeness as well as improvement in the product stability. This 
has resulted in the introduction of different types of nano-based pack-
aging materials in the market including bottles, storage bags and 
boxes, packaging films and aluminum foil. Among the main drivers 
behind the increase in nano-based packaging are product enhancement 
and the increase in the nano-trend within the packaging industry, thus 
forcing different packaging companies to invest in this area of research 
in order to be able to compete in such a growing market segment.

 Introduction
Packaging demand has witnessed a noticeable decrease due to the 
recent economic crisis. Consequently, this has led to an increase in the 
global competition among manufacturers to be able to deliver a well 
differentiated product that is able to satisfy the needs of the consum-
ers. Within this context nano-based packaging is able to provide 
noticeable differentiation from the traditional available packaging 
systems [1].

Through the past decade consumers have shown a growing demand 
for sophisticated and higher quality packaging. However, due to the 
economic crisis, such high quality packaging is being demanded at 
affordable prices. Nano-based packaging was recognized to be able to 
satisfy the increasing demands of the consumers. One of the major 
demands of consumers is extended shelf life, an area where nano- 
based packaging shows multiple benefits and promising contribution 
[1]. Such benefits include improvement in the mechanical properties, 
strong barrier properties, antimicrobial properties and improvement 
in the stability of the packaging materials and thus the product [2].
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Nano-based packaging involves the utilization of materials in the 
nanoscale with dimensions of less than 100 nm. Silver, nanoclay and 
titanium nitride are among the most commonly used nanomaterials 
(nanofillers) in the food and beverage packaging industry. Polymer 
nanocomposites that are used in nano-based packaging are made via 
dispersion of the nanofiller throughout the polymer matrix. Compared 
to other techniques of packaging, using polymer nanocomposites 
represents a cheap advanced packaging technique because it uses 
less expensive fillers with enhanced compressive and tensile 
strengths [3].

Nano-based packaging involves two sub-technologies: intelligent 
packaging and active packaging. Although active packaging is the 
dominant technology segment, intelligent packaging is growing at a 
faster rate. Intelligent packaging offers information regarding the 
freshness of the product, expiration date, the best period to be used 
and also offers alerts regarding the presence of microbes, gases and 
chemical contaminants. Thus, it offers important information to cus-
tomers. Active packaging on the other hand allows the extension of 
the shelf life of the products via interacting chemically or biologically 
with the contents or head space of the product. This could be achieved 
via the inclusion of antimicrobial agents, oxygen scavengers, mois-
ture absorbers or ethanol and carbon dioxide emitters. It is important 
to note, however, that nano-based packaging suffers from strict regu-
lations from the US Food and Drug Administration, which recom-
mended in 2012 a safety assessment of products that involve these 
types of packaging [3].

The global nano-based packaging market for both food and bever-
ages was estimated in 2013 to be valued at 6.5 billion dollars and is 
expected to grow at a compound annual growth rate of 12.7 % between 
2014 and 2020 reaching 15 billion dollars by 2020 [3]. The increase 
in export activities of different food products as well as the increase in 
the global demand for meat products are strong factors behind the 
growth of the nano-based packaging market [3]. The nano-based 
packaging market’s major players include Bemis Company, Amcor 
Limited, Tetra Pak and Tetra Pak International SA, Chevron Phillips 
Chemical Company, Sealed Air and Klöckner Pentaplast.

12 Packaging Applications
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Cases
 SABMILLER’S BEER BOTTLES

Beer Bottles with enhanced flavor and stability.

 

SABMiller enhanced the stability and the flavor of its beer via the use of 
bottles that contain clay nanoparticles. The inclusion of the clay nanopar-
ticles within the beer bottles noticeably decreased their permeability.

Innovation

• SABMiller introduced new beer bottles that exhibit a marked decrease in
permeability for gases resulting in a better flavor for the product and
increased stability.

Nanotechnology

• The company used clay nanoparticles that fill up space in the bottle’s walls 
better than plastic molecules.

Results

• The addition of the clay nanoparticles to the bottle made it more difficult for
the fizzy carbon dioxide to escape from the beer bottle and for oxygen, which
could lead to spoilage of the beer, to get in.

 

Cases
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Drivers

Strong competitive market. The nano-based packaging mar-
ket is a fast growing market. Smart packaging specifically is 
growing faster than previously predicted.

Product enhancement and maintaining market lead. SABMiller 
is the second ranked beer producer according to revenues. The 
bottles it fabricated maintain the maximum content of carbon 
dioxide and prevent oxygen from entering and thus maintain-
ing the flavor. They provide additional advantages to the com-
pany’s beer products and help it maintain its position as one of 
the giants in beer manufacturing.

Sustainable development. SABMiller runs different sustain-
able development initiatives: one of which is bottles made 
better and more sustainable through nanotechnology.

Barriers

Safety. Public health bodies raise concerns about the migration 
of nanoparticles from packaging to food. Moreover, concerns 
about environmental contamination are also raised. Thus, leg-
islators must consider such risks when considering approval 
for the widespread use of these materials.

Public acceptance. Studies indicate that consumers are hesi-
tant to purchase nano-based products related to food. Although 
the concern is less in packaging than when the nano-material 
is included in food, still public acceptance is one of the main 
things that will shape the future of nanotechnology’ commer-
cialization [4].

Required process of learning. A learning process is required to 
educate the consumer about the added benefit of nanotechnol-
ogy in the packaging material and at the same time to acknowl-
edge the safety of this technology [5].
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Enablers

Strong company and strong R&D. SABMiller dates back to 
1895. Currently, it is the world’s second largest brewer in the 
market. It has advanced R&D that enabled it to reach its leading 
position in the market.

Science push. The increase in nano-based research and nano- 
based products represents a science push for SABMiller to 
invest in that field.

Lean regulatory rules. SABMiller benefitted from the lean 
regulatory rules of the FDA. The FDA does not require nano-
particles to be proved safe, but only that the product in general 
to not be harmful [6].

Impact

Internal. The introduction and success of the clay nanoparticles 
in the SABMiller bottles has encouraged SABMiller to invest 
more into nanotechnology and implement it more into its prod-
ucts. Thus, new research is ongoing with scientists at CRANN 
(the nanoscience institute based at Trinity College, Dublin), who 
have partnered with SABMiller to examine nanosheets of boron 
nitride to increase the shelf life of bottled beer in plastic bottles.

Partnerships. SABMiller is a major bottler for Coca-Cola and 
offers packaging for its products. Thus, innovative bottles will 
help SABMiller maintain strong partnerships as well as open 
new partnerships as a bottler for other strong brands.

New market shares. With its clay nanoparticle based beer 
bottles, SABMiller is able to maintain new market shares as a 
supplier of smart packaging material.

What’s Next?

SABMiller added clay nanoparticles to the beer bottles which 
decreased greatly the gas exchange. An invention like this can 
be extended to different forms of food and beverage packaging. 
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Moreover, it can be used in boxes used for food preservation, 
refrigerator boxes and plastic bags.

 BAYER: PACKAGING FILM
Lighter, stronger and more heat resistant packaging films.

 

Bayer developed packaging films that are lighter, stronger and more 
heat resistant. Such enhanced properties were achieved via the inclu-
sion of silicate nanoparticles within the packaging films.

Innovation

• The packaging films developed by Bayer Polymers is stronger, more heat
resistant and lighter than other packaging films currently on the market.

Nanotechnology

• Silicate nanoparticles are used to enrich the packaging films. Such new film 
is known as a “hybrid system” that reduces the exit of moisture and the 
entrance of oxygen and other gases, thus preventing the spoilage of food.

Results

• The developed packaging films prevented the packaged contents from drying
out and also protected them from oxygen and moisture.
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Drivers

Strong market. Smart packaging is one of the fastest growing 
sectors among the packaging industry.

Product enhancement. Low levels of nanoparticles are enough 
to noticeably change the properties of the packaging materials 
with no or little change in density, transparency, and process-
ing characteristics [7].

Nano-trend. The total nano-enabled packaging market for 
food and beverage in 2013 was valued at 6.5 billion dollars 
and is expected to reach 15 billion dollars by 2020 [3].

Barriers

Safety. The rapid use of nanotechnology in packaging raised 
many concerns from different public health bodies regarding 
its safety to the consumer and the environment, especially 
due to lack of knowledge about the nanoparticles’ possible 
interactions [2].

Public acceptance. Public acceptance will shape the market 
for nano-enabled products. Therefore, a thorough process of 
consumer education is required in order to increase the con-
sumer acceptance of nano-enabled products [2].

Research and development. A certain level of infrastructure 
and a continuous process of research and development are re-
quired to integrate nanotechnology into the products.

Enablers

Strong company and strong R&D. With the increased trend 
of nanotechnology, Bayer’s strong R&D was able to conduct 
research and develop solutions and products.

Cases
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Partnerships. Partnership with Nanocor: Bayer uses Nanocor’s 
clay in its developed packaging film to decrease the oxygen 
transmission rate by about 50 % [7].

Lean regulatory rules. No specific guidelines for nanoparticles 
were set by the FDA; no investigations are required about the 
fate of the nanoparticles. The sole requirements are the usual 
regulatory guidelines proving the safety of the product [6].

Impact

Product. The properties of the product improved drastically; 
the stiffness doubled and anti-blocking properties were 
improved. The gloss and clarity of the nano-modified product 
allowed it to compete with the costly high clarity polyamide 
film [7].

Internal: development of other nano-based products. After 
the introduction of Bayer’s clay nanoparticle-based packaging 
films, the company developed additional nano-based products 
like the silicate nanoparticle-based hybrid system.

Competitive advantage. The improved properties of the 
 developed packaging film gave it a competitive advantage over 
other similar products in the market as well as other costly 
high quality products.

What’s Next?

Bayer’s technology included clay and silicate nanoparticles in 
the plastic films which changed the films’ properties of stiffness, 
clarity and gas exchange. This technology can be extended to 
food packaging films, plastic bottles and containers as well as 
refrigerator boxes and surface coatings.

12 Packaging Applications
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 MELITTA’S ALUMINUM FOIL
Aluminum foil with an enhanced ability to preserve heat.

 

Melitta Coffee Company has included carbon nanotubes in its aluminum 
foil which increased its ability to preserve heat.

•

•

•

Innovation

Melitta invented an aluminum foil that exhibits an increased preservation of
heat.

Nanotechnology

Carbon nanotubes incorporation within the aluminum foil allowed the 
aluminum foil to reach 100°C higher surface temperatures during cooking and 
prevented sticking.

Results
The technology enabled faster cooking of food with a non-stick aluminum foil.
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Drivers

Strong market. At present, the world’s packaging market 
stands for more than 3.5 billion dollars with nano-based pack-
aging is significant and fast growing sector [7].

Incremental innovation. Melitta, which operates in the food and 
household sectors, by inventing a heat preserving aluminum 
foil, can add incremental innovation to these market sectors [2].

Nano-trend. The nano-enabled food and beverage market is 
among the fastest growing nano fields. Companies seeking to 
increase market shares should integrate nanotechnology into 
their plan for development and growth [3].

Barriers

Safety. Safety of the nanosized material is a critical issue due to 
the ability of these materials to diffuse to all parts of the body. 
Carbon nanotubes in particular raise certain safety issues [2].

Public acceptance. The rapid use of nano-based packaging 
without enough accompanying safety studies, coupled with 
decreased learning, is still hindering the public acceptance of 
nano-based products. Increasing public acceptance through 
a good process of learning can certainly shape the future of 
nano-based products [2].

Enablers

Strong R&D. Melitta has been producing bottleneck aluminum 
filters since World War II; it has a strong R&D that enabled it 
to continuously integrate new technologies.

Lean regulatory rules. Melitta group benefited from the lack 
of specific regulatory rules for nanomaterials where no specific 
safety data is required for the nanomaterial.

Strong network. The Melitta Group has production as well as 
administration sites in South America, Europe, North America 
and Asia [6].

12 Packaging Applications



227

Impact

Keeping up with a competitive market. A strong company like 
Melitta, in both the food and the household sector, had to catch 
up with the increasing nano-trend in such sectors.

Product enhancement. Low levels of carbon nanotubes in-
creased the ability of the aluminum foil to maintain heat and 
allowed faster cooking.

Nano-knowledge. The nano-based knowledge, infrastructure 
as well as expertise used for development of the aluminum foil 
benefitted Melitta in many different market sectors.

What’s Next?

Melitta used carbon nanotubes to develop aluminum foil that 
maintains heat and prevents sticking. Such technology can be 
extended to heating plates for food that can allow food to be 
heated in the oven fast, similar to the microwave but without its 
harmful effects. Also, it can be used in cooking bags, provided 
that the safety of the carbon nanotubes can be verified.

 THE SHARPER IMAGE: STORAGE BAGS AND BOXES
Storage boxes that can kill bacteria

 

Cases
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Antimicrobial storage bags and boxes were developed by The Sharper 
Image. The antimicrobial property was achieved through the inclusion 
of silver nanoparticles within the produced products.

Innovation

• Sharper Image was able to develop the miracle food-storage containers that
maintain food fresher and four times longer than similar products devoid of
the nano modification.

Nanotechnology

• Silver nanoparticles add antimicrobial properties to the polypropylene 
material included thereby reducing the growth of microorganisms. Moreover, 
a silicone gasket locking system keeps out the oxidizing air from entering.

Results

• Developed boxes and bags that delay spoilage of food and keep it fresher for
four times longer.

 

Drivers

Strong market. Sharper Image is in a competitive market, 
the packaging market. This market is showing an increase in 
nano- enabled products. To maintain its shares in rapidly grow-
ing market, Sharper Image had to stay updated with current 
advanced technologies [7].

Competence enhancing. The inclusion of antimicrobial silver 
nanoparticles within its products is considered a competence 
enhancing innovation to its line of packaging which will allow 
it to maintain its original position and gain new market shares.

Nano-trend. The increase in nano-research and innovation 
allowed nanotechnology to be easily accessible to different 
companies trying to be part of such a growing trend.
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Barriers

Safety. The possibility of the nanomaterial leaking from the 
nano-based containers represents a safety hurdle that requires 
scrupulous testing to ensure its safety [2].

Public acceptance. Public acceptance is one of the main barriers 
against the widespread use of nano-based products especially 
with many public organizations opposing nano-based products 
that have direct human contact [2].

Decreased learning. As with any new technology, a good 
process of learning is required to allow the widespread de-
mand for such a new product.

Enablers

Strong R&D. Sharper Image is nationally and internationally 
known for its continuous supply of new and innovative high 
quality products. A large portion of its sales are from products 
developed by the company’s development group.

Lean regulatory rules. The absence of specific regulatory 
rules for nanomaterials included in products allowed the easy 
approval for this innovation [6].

Strong network. Sharper Image has 190 specialty stores across 
the US. It also markets its exclusive proprietary via business 
to business sales teams for corporate incentive and reward 
programs as well as wholesale to select international and US 
retailers.

Impact

Keeping up with a competitive market. The nano-enabled food 
and packaging markets are among the fastest growing fields in 
nanotechnology. An innovative company like Sharper Image 
had to keep up with this trend to maintain and gain new 
markets [3].

Cases
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Enhanced product. The added nano-innovation to its boxes 
will allow Sharper Image boxes to have antimicrobial properties 
and keep the food preserved fresher.

New market segments. Such enhanced packaging containers 
represent new market segments where other companies are 
participating in, e.g. BlueMoon Goods Fresh box that uses 
silver nanoparticles. Sharper Image’s nano-based innovative 
food storage boxes allowed it to maintain its shares within 
such market segments.

What’s Next?

Sharper image incorporated silver nanoparticles into the pol-
ymer of its food storage boxes and bags which added to its 
antimicrobial properties and helped maintain food fresher for 
longer. Such a technology can be extended to a whole range of 
different sectors as:

• antimicrobial textiles
• antimicrobial clothes (socks)
• antimicrobial wound dressings
• antimicrobial surfaces (in hospitals and food factories)
• antimicrobial baby toys
• antimicrobial kitchen ware (chopping boards)

 RIPESENSE SMART PACKAGING
Jenkins Group’s sensors are able to detect the ripeness of fruit 
from the packages
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RipeSense has included nanosensors within its packages that allow 
the consumer to detect the degree of ripeness of the fruit through a 
color change in the package.

Innovation

• RipeSense has developed the world’s first intelligent label that changes its
color according to the ripeness of fruit.

Nanotechnology

• The company developed nanosensors that detect the different aromas 
produced from the fruit at its different ripening stages.

Results

• Market lead: first world ripe sensor of its kind. It was first introduced in New
Zealand and has now reached an exclusive agreement with Fresh
Technologies UK for UK distribution partnership.

 

Drivers

First in the market (Market lead). RipeSense is the world’s 
first intelligent ripeness indicator label.

Strong partnership. Strong partnership between New Zealand 
Jenkins Group (supplier of New Zealand’s horticultural 
labelling industry) and HortResearch (New Zealand Crown 
Research Institute) and their combined efforts for developing 
cutting edge innovation.

Nano-trend. Increased nano research and enabled technology 
allowed for the idea and development of such nanosensor.

Barriers

New entry. Any new entry is associated with the risk of public 
rejection. No matter how huge of a successful innovation it 
is, it can still face huge failure as there would be no previous 
indicators.

Cases
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High tech research. Such new innovation required years of 
research and collaboration between different entities to develop 
the product. The combined effort took over 7 years of research 
and development to end up with this cutting edge innovation.

Decreased learning. A good process of learning was required to 
illustrate the competitive advantage of the developed product.

Enablers

Partnership. The partnership between Jenkins Group, a supplier 
to labeling industry, and HortResearch institute allowed the 
combined efforts of the industry and research to end up with 
this innovation.

Cutting edge research and development. HortResearch 
Institute is dedicated to cutting edge horticultural science 
research, thus its research, combined with the industrial need, 
allowed the development of the product.

Nano-enabled technology. The availability of nano-enabled 
technology in the past two decades allowed for the feasibility 
of such an innovation.

Impact

Market lead. By developing RipeSense, Jenkins Group achieved 
market lead with its first of a kind intelligent labeling.

Enhanced product. The RipeSense intelligent labeling greatly 
enhanced the properties of the labeling creating unprecedented 
levels of efficiency.

New markets. RipeSense, the first in the market with its 
enhanced labeling properties, extended from its country of 
 invention, New Zealand, to other markets like the UK through 
an exclusive agreement with Fresh Technologies UK.
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Market Dominance. As the first and the only in the market 
with such intelligent packaging, the company achieved market 
dominance in this segment.

What’s Next?

The RipeSense label developed by Jenkins Group in partner-
ship with HortResearch institute depends on nanosensors that 
can detect the ripening of a pear depending on the produced 
aroma (volatile gases). Such a technology can be extended to 
all forms of food sensing, not only ripening, but also to detect 
food spoilage.
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    Chapter 13   
 Agricultural Applications                     

          Nanotechnology has been recently introduced to the agriculture sector 
with a few goals in mind. One of which is to introduce enhanced fertil-
izers with less loss in nutrients and pesticides and with decreased side 
effects to the environment and the surrounding tissues. Moreover, 
nano-based sensors could allow management and delivery of water, 
pesticides and fertilizers as well as soil analysis. Despite the different 
sectors of the agriculture industry that nanotechnology could have an 
impact on, nano-based agriculture products have weak presence in the 
market. This is attributed to the high cost of production as well as pub-
lic concerns about the safety of using nano-based products in a sector 
that is directly connected to their daily consumption of food. Thus, 
further research is needed to decrease the costs of production as well as 
to establish suffi cient safety studies concerning agricultural products. 

    Introduction 
 The application of nanotechnology in the agriculture industrial sector 
aims to achieve different outputs: reduction of the usage of harmful 
plant pesticides, reduction in loss of nutrients during fertilization and 
increasing the production yield of different crops. Different nano- 
based structures benefi t the agricultural fi eld. Examples of these struc-
tures include nanocapsules and nanoparticles, which are used in the 
treatment and detection of diseases, proper delivery of nutrients to 
specifi c sites and in enhancing the plant’s absorption of nutrients. 
Specifi c nanoparticles are able to reduce damage to the environment 
and to the healthy tissues of the plant. Within this context, nanoparti-
cles derived from biopolymers, like proteins and carbohydrates, hold 
special interest within the agriculture sector as they are relatively safe 
to the human health and the environment. Starch-based nanoparticles 
are examples of carbohydrate-based nanoparticles that have been 
extensively investigated as sustainable and nontoxic delivery systems 
for agrochemicals and biostimulants. 
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 Nanosensors are one of nanotechnology’s contribution to the agri-
culture sector. Such nanosensors can be used for soil analysis, man-
agement and delivery of water, easy biochemical sensing and control 
and delivery of nutrients and pesticides. Carbon nanotubes, nanofi -
bers and fullerenes have been recently involved in sensitive bio- 
chemical sensors. Recently, agricultural waste products have been 
considered for the production of fossil fuels and nanomaterials. 

 Although nanotechnology holds great potential in the agricultural 
sector, the nano-based agriculture market is still comparably marginal 
compared to other fi elds where nano-based products have already wit-
nessed a strong market presence. Some major issues are still to be 
resolved in order for the nano-based agriculture market to show real-
izable growth. Increasing the production scale while decreasing the 
cost stands as one of the signifi cant issues facing nano-based agricul-
tural products. This is especially important in the agriculture sector 
because the high cost of production of nano-based products is easily 
compensated in other sectors like the medical and pharmaceutical 
sectors while this is not the case in the agricultural sector.  

   Cases 
    SYNGENTA PESTICIDE     SYNGENTA PESTICIDE 

  Pesticides with decreased side effects  . 
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    Syngenta has utilized nanoemulsions within its developed pesticides. 
This allowed controlled delivery of the pesticide in response to certain 
stimulus. Thus, it increased the pesticides’ benefi ts and decreased the 
side effects.

   

Innovation

• Syngenta developed nano-pesticides that allow controlled delivery of
pesticides to increase their benefit and decrease their side effects.

Nanotechnology

• Nanoemulsions that encapsulate different pesticides and allow their controlled 
delivery according to different stimulus.

Results

• A line of different products has been developed using the nanoemulsion
technology; a plant growth regulator: a pesticide used for different crops that
only breaks open upon contact with leaves.

  

    Drivers 

   Strong competitive market.  Nano-based pesticides are already 
on the market. Major agrochemical fi rms like BASF and  Bayer 
have patents for nano-biocides. The companies have active 
R&Ds for developing nanoscale pesticide formulations.  

   Product differentiation / nano-trend.  The strong competi-
tion with companies like BASF and Bayer and the increased 
 research and the growing trend of nano-based technologies are 
considered major drivers. Syngenta used its strong scientifi c 
foundation to increase its market shares through the develop-
ment of nano-based products.  

   Population growth and scarcity of land.  Population growth 
and scarcity of land is one of the main drivers in the agro-
chemical sector for developing new innovative solutions [ 1 ].   

Cases
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  Barriers 

   Safety.  Safety is a major concern with nano-based applications 
related to food. Nano-pesticides decreasing the size of the pes-
ticide raises safety concerns for both the farmer, the environ-
ment and the plants consumed by animals and humans.  

   Public acceptance.  Public acceptance is a major hurdle in the 
face of any food-related nano-based application since safety is 
not completely ensured through long term studies [ 2 ].   

  Enablers 

   Strong scientifi c foundation.  Syngenta’s strong scientifi c foun-
dation allowed it to develop the nano-emulsion technology [ 1 ].  

   Science push.  Increase in nano-related research as well as the 
associated technology and expertise represented a science 
push towards developing nano-based pesticides.  

   No regulatory hurdles.  A known pesticide that is newly for-
mulated in a nano-form does not require any regulatory re- 
examination since it is not considered as a new chemical [ 2 ].   

  Impact 

   Internal.  The infrastructure required for the nano-based prod-
uct is extended to other products produced by the company 
giving it the lead in nano-based agrochemicals.  

   Industry: competitors moving in the same path.  The intro-
duced nano-based product by Syngenta has encouraged major 
players in the agro-industry to conduct R&D on nano-based 
products.  
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   Market lead.  Syngenta, being the fi rst to introduce a nano- 
based pesticide, has achieved a lead within this sector.   

  What’s Next? 

  Syngenta has developed nanoemulsions that allow controlled 
delivery of the pesticides in response to certain stimulus, thus 
increasing the effi ciency and decreasing the side effects. Such 
technology could be extended to drug delivery systems and to 
other pesticides. It could also be extended to insecticides applied 
in homes so as to increase their effect against the insects.     

    SONIC ESSENTIALS™     SONIC ESSENTIALS™ 

  Nano-fertilizer for rapid growth !

     

    New fertilizer developed by Sonic using nanotechnology has found 
success in the optimum delivery of nutrients to plants for long durations 
of time.
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Innovation

• Sonic has developed new high efficiency fertilizers that enable a more focused
delivery of essential nutrients and other crop inputs for optimum plant
nutrition and growth.

Nanotechnology

• Suspensions of nanoparticles of minerals and crop nutrients are prepared using 
the latest technology to ensure sustained, efficient delivery and uptake by 
plants.

Results
• Sonic was able to produce fertilizers that increase crop yield and quality.

  

    Drivers 

   Increasing world population and food demand.  According to 
a report by the High Level Expert Forum (2009), by 2050, the 
world population is expected to increase to 2.3 billion people. 
It is also expected that the per capita incomes will increase as 
well. This means that there will be an increase in demand for 
food. Demand on cereal, for both food and animal feed uses, is 
predicted to reach some three billion tons by 2050. This means 
that the industry of agriculture has to increase its crop yield to 
keep up with this rapidly growing demand.  

   Increased demand for good quality food.  The global economy 
is projected to grow by 2.9 % annually until 2050 which means 
that people will be able to spend more on high quality foods 
and, therefore, demand for high quality food will signifi cantly 
increase.  

   Need to avoid economic losses by farmers.  The death of crops 
or low production yields causes farmers to lose the money, 
time and effort spent on such plants.   
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  Barriers 

   Technology.  The technology of nanomaterials and the equipment 
needed for achieving such small size is costly. However, due to 
Sonic’s long career in this fi eld, it accumulated the facilities and 
experience needed as well as a good staff of chemists, engineers 
and biologists which helped it overcome this barrier.  

   Safety issues.  The use of nanomaterials in fertilizers has been 
constantly subject to scrutiny due to its possible leakage to 
underground waters or plants sold, posing possible danger-
ous effects on the human health upon ingestion. This requires 
strict regulations and licensing to ensure enough tests have 
been conducted regarding toxicity.   

  Enablers 

   Experience.  Sonic Essentials has been working in the fi eld 
of fertilizers since 2007 which enabled it to conduct a great 
amount of research, lab testing of the fertilizers and analysis 
of the market response.  

   Certifi cation and licensing.  Sonic’s nanosized products are 
licensed by the Therapeutic Goods Administration and the 
Australian Pesticides and Veterinary Medicine Authority.   

  Impact 

  Due to the quality of the fertilizers, the company was able 
to sell them in Australia and globally to Asia, Africa and the 
Middle East.   

  What’s Next? 

  The next step for Sonic is to use its technology to make targeted 
fertilizers in which the nanoparticles can be attached to linkers 
that will anchor them to the roots of plants.         
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Chapter 14
Cosmetic Applications

Nanocosmetics represent a fast growing segment within the cosmetic 
industry. They are cosmetic products with nano-based structures 
included either as nano-inclusions or as delivery vehicles. 
Nanocosmetics exhibit enhanced properties compared to traditional 
cosmetics including improved skin hydration, improved skin penetra-
tion, enhanced stability and bioavailability. Major cosmetic compa-
nies like L’Oréal, Christian Dior and Estee Lauder are investing in 
nanocosmetic research as well as nano-patents. Different nanocos-
metics have already made their way to the market in the form of sun-
screens, makeup, lotions and shampoos. Enhanced properties of the 
nano-based products and keeping up with the nano-trend are among 
the main drivers behind the increase in nano-based cosmetics. Yet the 
safety of the nanocosmetics is one of the main barriers against its 
wide application. One of the main enablers, however, that allowed the 
introduction of large number of nanocosmetics till now is the absence 
of specific regulatory rules concerning nano-based cosmetics.

 Introduction
Nanotechnology is strongly forcing its way into the cosmetics industry 
in the form of nanocosmetics. The dynamic presence of nanotechnol-
ogy in the cosmetics industry is due to the enhanced properties 
imparted by nanotechnology on different cosmetics including 
enhancement in performance, color, stability and transparency [1].

Nanocosmetics has found its way in different products including 
sunscreens, moisturizers, makeup and hair care. Nanotechnology is 
utilized in the cosmetic products either as nanoparticle inclusions or 
as delivery vehicles. The former is used in cosmetics like UV filters. 
The major compounds used in this approach include zinc oxide and 
titanium oxide as well as some organic alternatives. In the case of 
delivery vehicles, niosomes and liposomes are mainly used. However, 
solid lipid nanoparticles and nano-structured lipid carriers have been 
shown to be better delivery vehicles and can provide better stability, 
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skin hydration and bioavailability. Nanoemulsions and nanocrystals 
as encapsulation techniques have also been investigated for applications 
in the cosmetic industry [2].

Almost all major cosmetic manufacturers use nanotechnology in 
their products. L’Oréal is directing 600 million dollars of its revenues 
to nano-patents [1]. However, recently concerns about the safety of 
the use of nano-ingredients in different cosmetics has been raised [1]. 
Notably, the legal requirements for nanocosmetics are the same as 
those required for ordinary cosmetics. This has facilitated the approval 
of nanocosmetics in products and allowed their increased presence in 
the market. Recently, however, there is an increasing demand that 
standard safety tests should be developed for nanoingredient- 
containing cosmetics in order to validate their safety and overcome 
the public debate [2].

Cases
 CHRISTIAN DIOR FOUNDATION

Waterproof foundation that lasts longer.
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Cosmetics giant Christian Dior introduces a waterproof, long lasting 
foundation through the use of Nano-Stretch Network™ technology.

Innovation

• Diorskin nano-based foundation cream is characterized by a waterproof formula
that is able to last for a long time with no transfer even in extreme conditions.

Nanotechnology

• Patented Nano-Stretch Network™, inspired by nano-textile technology, creates 
a mesh of foundation on the skin that is micro-aerated and invisible for a perfect 
finish and color. It also contains a hydragel system that allows moisture 
stabilization for optimal comfort, hour after hour.

Results

• Diorskin Extreme Fit Wear with its nano-stretch network allowed extreme fit of
makeup, layered as if it is a second skin.

 

Drivers

Catching up with the nano-trend. L’Oréal, one of Christian 
Dior’s competitors, has begun its nanotech research in the 
1980s and has many nano-based products in the market. Thus, 
to catch up with such an increasing trend and prevent loss of 
market shares, Dior was forced to search and invest in nano-
technology and research.

Nanotechnology and research. Nanotechnology research has 
witnessed a massive advancement providing nano-enabled in-
novations for companies who seek to utilize it.

Improved products. Nanotechnology in cosmetics has gained 
increased importance due to the enhanced properties added 
via the integration of nanoparticles compared to other con-
ventional technologies employed in cosmetics. Such proper-
ties include enhanced solubility, color, transparency and UV 
protection [3].

Cases
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Barriers

Safety. Due to the nanosize, these nano-entities are able to pen-
etrate natural biological barriers like the digestive, alveolar- 
capillary and blood brain barriers. As a result, sufficient safety 
studies should be conducted to validate their use [4].

Public debate. Due to controversial studies about the safety of 
nano-based cosmetics, the label nano on the product might be 
viewed skeptically by some consumers while be appealing to 
others [3, 4].

Enablers

Strong R&D. Since 1986, Christian Dior’s strong R&D al-
lowed it to be the first to incorporate liposomes in its cosmet-
ics. Ever since then, Christian Dior has continued that line of 
research enabling the making of different nano-based  products.

Enabled technology. As it started its liposome manufacture in 
1986, Christian Dior has developed the enabling technology 
that allowed it to be innovative in the field of nanotechnology 
and easily apply its inventions.

Regulatory gap. The FDA’s regulations are the most lenient in 
the cosmetics sectors [5].

Impact

Internal; production of different nano-products. The success-
ful application of nanotechnology in its products has enabled 
Dior to extend the application of nanotechnology to more of 
its products [6].

Keeping up with a market trend. Nanotechnology in cosmet-
ics is one of the fastest growing fields. Thus, integration of 
nanotechnology allowed Christian Dior to keep up with such 
growing trend [7].
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Maintaining its market shares. L’Oréal, one of Christian Dior’s 
major competitors ranks, sixth among nanotechnology patent 
holders in the US. Thus, integrating nanotechnology allowed 
Dior to keep up with the market with its nano-enhanced products 
thereby avoiding loss of market shares.

What’s Next?

As the Nano-Stretch Network™ technology utilized by 
Christian Dior was inspired by the nano-textile technology, it 
could be used in the development of advanced wound dress-
ings with micro aerated mesh. Such technology could also be 
extended to sunscreens, face creams and other cosmetics as did 
Christian Dior.

 SHINSO SKIN LIFTING GEL
The miracle skin lifting gel; looking younger is now achievable.

 

Shinso Essence utilized nano-fullerenes to develop a nano-based gel 
with maximum antioxidant activity and maximum penetration to the 
skin, thus allowing an incredible skin lifting effect.

Cases
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Innovation

• Shinso’s nano-based gel is considered as the latest miracle cream which
results in an incredible skin lifting effect due to both its ingredients and the
nanotechnology used that allow maximum penetration to the skin.

Nanotechnology

• Nano-sized fullerenes, which are carbon structures that are powerful 
antioxidants, offer 125 times more antioxidant activity than vitamin C and 
show maximum penetration to the skin due to their nano-size. 

Results

• The cream was a massive success and is considered as the latest miracle
cream. A-list users from Hollywood’s top stars Drew Barrymore, Jennifer
Aniston, Charlize Theron, Eva Longoria, Gwyneth Paltrow and Madonna use
it. According to specialists in the field, nothing before has had the same effect
as that witnessed by the nano-enabled Shinso gel.

 

Drivers

Catching up with the nano-trend. Nanotechnology is an area 
that all of the leading cosmetic companies are quickly turn-
ing to. Such companies include L’Oréal, Procter & Gamble, 
Estée Lauder, Shiseido and Dior. Thus, to be a major player 
in the market and compete with the leading companies, nano- 
enabled products are a must to be sought.

Expertise of the inventor. Shinso made use of Tsuruta’s exper-
tise, an aerospace engineer and the inventor of this technology, 
who then turned to designing deep water desalination systems. 
He used seawater that was 2000 ft. deep and merged it into 
other products, one of which is fullerene nanotubes, and came 
out with his miracle product [8].

Enhanced nano-related properties. Fullerene carbon nano-
structures are more powerful antioxidants than vitamin C. The 
antioxidant property is further strengthened by the nanosize, 
which also enhances penetration between skin cells into the 
dermis [8].
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Barriers

Safety. Alarmists of the nanotechnology field warn about the 
ability of nanoparticles to penetrate the skin barrier and enter 
the bloodstream. This requires efficient and extensive safety 
studies to be carried out [7].

Public debate. There is an ongoing and increasing public de-
bate regarding the potential hazards of nanotechnology on the 
human health and the environment [7].

Good learning process. A good learning process is required 
so as to make the consumer aware of the added benefits of 
nanotechnology in the product coupled with safety data about 
the product.

Enablers

Available expertise. Tsuruta’s expertise was the main enabler 
for the product. He utilized his knowledge of the properties of 
deep-sea water from his past experience in deep water distillation 
systems coupled with his knowledge as an engineer in utilizing 
fullerene nanostructures to come up with this superior product [8].

Sold technology. The nano-fullerenes used in the product were 
purchased from a trusted company that conducted the safety 
studies on the utilized fullerenes [8].

Registered as cosmeceuticals. Shinso’s nano-based gel has a 
physiological effect on the skin. Such products ought to be reg-
istered as drugs. However, the company, to avoid the difficult 
regulatory hurdles of being registered as a drug, registered it as a 
cosmeceutical. This helped avoid the time and money-consum-
ing regulatory procedures associated with drug registration [8].

Impact

Market lead among world class actresses. Due to the miracle 
anti-ageing effects of the Shinso nano-based gel, it showed 
market lead among Hollywood stars.
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Keeping up with a market trend. Nanotechnology in cosmetics is 
one of the fastest growing fields and the integration of nanotech-
nology allowed Shinso to keep up with such a growing trend [7].

Consumer enhanced quality. A conversation between a beauty 
journalist and Tsuruta went as follows: “I’m used to seeing the 
skincare world throw up one of these wonder products every 
month, but I’ve never seen anything do that to a face. How, I 
ask him, does it work?” asked the beauty journalist. “Lifting in 
itself is very difficult to do with natural ingredients,” Tsuruta, 
the inventor, says. “What makes Shinso different is the blend of 
ingredients and the way it penetrates the skin” [8].

What’s Next?

Nano-Fullerenes are powerful antioxidants, thus they could 
be extended to advanced wound dressings, skin therapeutics 
as well as other cosmetics like creams and lotions. However, 
proper safety studies should always be conducted.

 PUREOLOGY SHAMPOO AND CONDITIONER
Shampoo that transforms hair.

 

Pureology introduced a shampoo that allows incredible improvement 
of aged and colored hair via the use of nanoparticles that were 
15–20 nm in size.

14 Cosmetic Applications
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•

•

•

Innovation

Pureology introduced its nano-enabled shampoo, a product that allowed the
dramatic improvement of aged and color-treated hair, thereby enhancing its
color and shine.

Nanotechnology

Nanoparticles that were 15–20 nm in size (about 1/57,000th the human hair 
size) improved the product’s ability to moisturize and strengthen the hair as 
well as preserve its color and provide thermal protection. This can be 
attributed to improved penetration, availability and distribution of the 
material at the nanosize. 

Results

The success of its nano-enabled product allowed Pureology to integrate
nanotechnology in all of its shampoos, reconstructors, conditioners, and
moisturizers. Moreover, Pureology recently launched a new line that contains
nano-ingredients that fill the hair with moisture and strength and help it resist
humidity more efficiently.

 

Drivers

Demand pull. There is a growing demand for hair that is shin-
ier and healthier and, to some extent, the available shampoos 
still do not satisfy that need.

Nano-trend. Due to the increased trend of making nano-based 
cosmetic products with enhanced properties, Pureology began 
trials for incorporating nanotechnology into its products from 
a performance point of view [9].

Trials with promising results. After testing the inclusion of 
nanotechnology into its products, the company’s trials re-
vealed that, by decreasing the particle size to 15–20 nm, the 
ability to strengthen and moisturize the hair was improved 
drastically [9].

Barriers

Safety. Ability of the nanoparticles to penetrate different body 
barriers and penetrate deep into the skin raises safety concerns 
among consumers [7].

Cases
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Public Debate. Controversial studies have raised public debate 
about using nanotechnology and its effects on the environment 
and human health. These still represent barriers against using 
nano-enabled products, especially those that are to be in direct 
contact with the human body [7].

Enablers

Curious R&D. The R&D in Pureology was curious and will-
ing to improve, despite its already high quality products, to 
try integrating nanotechnology and testing the change in the 
performance of its products.

Lean regulatory rules for nanocosmetics. There is a regulatory 
gap in the FDA in analyzing nano-based products, especially 
cosmetics and food supplements; there is no special scheme 
developed by the FDA for nano-based products [5].

Acquisition by L’Oréal as part of its professional product divi-
sion. In 2001, Pureology used nanotechnology for its line of 
nano-based hair products. Six years later, the company was ac-
quired by L’Oréal as part of its professional product division, 
which contributes to more than 14 % of the total revenues of 
the company [10].

Impact

Internal. The company developed its one of a kind successful 
line of products. Markham, CEO and Founder of Pureology, 
says “Pureology now uses nanotechnology in all of its sham-
poos, conditioners, moisturizers and reconstructors. The com-
pany recently launched its super luxury category of products 
all using nanotechnology” [9].

Consumer: enhanced quality. The nanotechnology in 
Pureology products showed improvements for curly, hair 
which tends to be dry. The nano ingredients fill the hair with 
moisture and strength and allow it to better resist humidity.
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Keeping up with a market trend. Nanotechnology in cosmetics 
is one of the fastest growing fields. Thus, by integrating nano-
technology in its products, Pureology was able to keep up with 
such a growing trend [7].

What’s Next?

Pureology decreased the size of its ingredients to 15–20 nm. 
At such a nano size, the material exhibits different properties 
including enhanced solubility, greater surface area, a reduced 
amount of ingredients, improved distribution and bioavail-
ability. This draws attention to the ability with which such a 
technique can be integrated into a whole range of different 
products like other cosmetics, the food and beverage industry 
and the pharmaceutical industry.

 KARA VITA LIP TENDER
Makeup with maximum skin penetration and enhanced effect.

 

Kara Vita introduced a lip tender with enhanced potency due to its 
high skin penetration via the use of nanosphere encapsulating 
ingredients.

Cases
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Innovation

• Kara Vita’s products, through the use of nanotechnology, were able to achieve
high penetration levels in the skin. Their potency was greatly enhanced over
that of other products in the market.

Nanotechnology

• It used four patented kinds of nanospheres encapsulating the ingredients that 
increase the penetration into the skin and thus produce great enhancement in 
the results.

Results

• A whole line of nano-enabled products, from creams and lotions to eye care
products, all products were developed based on nanospheres showing
enhanced penetration and improved product potency.

 

Drivers

Unsatisfied with the results of products. When Kara Vita was 
established, it noticed that none of the already existing prod-
ucts produced satisfactory results. The main problem was that, 
whatever superior ingredients were used, the product always 
seemed to remain at the surface [11].

Nano-trend. Nearly all the major companies in cosmetics are 
investing heavily in nanotechnology and, besides nanotechnol-
ogy’s added benefits in products, Kara Vita was encouraged to 
invest in it with the aim of achieving excellence and market lead.

Achieving market lead and product excellence. Kara Vita and 
its founder aimed to achieve the best of skincare, market lead 
and product excellence. Therefore, he had to integrate nano-
technology to overcome problems in penetration in order to 
maximize the effect.

Barriers

Safety. Although decreasing the particle size of the ingredi-
ents increased the penetration of Kara Vita’s products, it also 
increased penetration to different body barriers like the blood 

14 Cosmetic Applications



255

brain barrier and digestive barrier. As a result, the safety of the 
products must be thoroughly investigated [7].

Public debate. Despite the added benefit of nanotechnology 
in different products, controversial studies have raised public 
concern and debates where certain groups, like Friends of 
the Earth International, are totally against nanotechnology, 
especially in human related nanoproducts [7].

Enablers

Ambitious founder. According to the company Founder and 
Chairman Karalyn Schuchert, “It all began after a long search 
to discover the best skin care product. It did not matter what 
the ingredients advertised, or how expensive and exotic they 
were, none of them provided the penetration and hydration I 
had hoped for. The product always seemed to remain on the 
surface of my skin!” [11].

Acquiring a nanotechnology company. The opportunity for ac-
quiring a company known for its revolutionary nanotechnology 
has enabled the development of the product.

Strong team. Not only did the company integrate nanotechnol-
ogy, but, due to problems of raising the products to pharmaceu-
tical standards, the company also collaborated with Deborah 
Duffey, one of the most creative product developers. This has 
resulted in a line of superior cosmetic products.

Patented technology. The nanospheres developed by Kara Vita 
were protected and patented to ensure the market lead of the 
company with its patented technology.

Impact

Internal. The technology has enabled the establishment of a 
line of successful products. Kara Vita now has a line of different 
products with its patented nanotechnology.

Cases
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Product excellence and superiority. The nanotechnology utilized 
by Kara Vita does not only improve penetration and thus better 
moisturize and nourishment to the skin, but also helps repair and 
strengthen the skin. With the company’s patented Lyphazome 
nanotechnology after depleting the loaded ingredients, the phos-
pholipid nanospheres form a matrix with the surrounding cells 
which helps in rebuilding the skin’s lipid layer.

Keeping up with a market trend. Integrating nanotechnology 
into Kara Vita’s products allowed it to keep up with one of the 
fastest growing trends in cosmetics; nanotechnology [7].

What’s Next?

The nanospheres utilized by Kara Vita not only deliver the 
ingredients with improved penetration, but also help to rebuild 
and strengthen the skin through the phospholipid composition. 
Thus, such nanospheres can be applied in all different cosmet-
ic products as was accomplished by Kara Vita. It can also be 
integrated with excellent results in advanced wound dressings 
and in skin care pharmaceutical products.

 SANGI’S TOOTHPASTE
Toothpaste that can actually repair damaged teeth.
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Sangi introduced the first toothpaste that is actually able to repair the 
damaged tooth enamel via the use of nano-hydroxyapatite “mHAP” 
remineralizing toothpaste.

Innovation

• Japan’s Sangi introduced the first nano-hydroxyapatite “mHAP” remineralizing
toothpaste that exceeds the normal functions of toothpaste in actually having the
ability to repair the damage of the tooth enamel.

Nanotech-
nology

• The technology uses nanocrystals of hydroxyapatite, which is a main 
component of the tooth enamel. During brushing, “mHAP” binds with proteins 
and adheres to plaque fragments and bacteria, facilitating their removal. This 
property is greatly enhanced by the “mHAP” nanoparticle size which leads to 
an increase in the surface area for protein attachment. The hydroxyapatite 
nanocrystals remineralize demineralized areas of the enamel by supplementing 
the mineral supply from saliva. It also helps restore mineral density and 
translucency in order to enhance teeth’s whiteness. 

Results

• Sangi has sold more than 90 million tubes of toothpaste and continues to expand
its line of products containing nanoparticles.

 

Drivers

Technology transfer. NASA had proposed hydroxyapatite 
for restoring the minerals lost from the teeth of astronauts 
in a gravity free environment. Sangi conceived the idea and 
launched the first hydroxyapatite toothpaste [12].

Market lead. By launching the first enamel restorative tooth-
paste, Sangi achieved market lead in this sector [12].

Competitive advantage. No other toothpaste in the market 
contained the natural tooth component nano-hydroxyapatite, 
thus the ability of the company to have developed such a com-
ponent gave it a competitive advantage over other competitors 
in the market.

Science push. The developed synthetic hydroxyapatite by 
NASA represented a science push towards developing the 
nano- hydroxyapatite toothpaste.

Cases
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Barriers

Intensive Research. To develop the nano-hydroxyapatite 
toothpaste Sangi spent over a decade in laboratory research 
and field trials [12].

Optimization of the size. Sangi continued upgrading the 
 developed technology and optimizing the size of the nano- 
hydroxyapatite for maximum benefit. In 2003, it succeeded in 
decreasing the size of the nano-hydroxyapatite nanoparticles 
for maximum results [12].

Enablers

Patenting. Sangi acquired different patents for its nano- 
hydroxyapatite technology. Early lab work and field trials were 
carried out since the 1980s during which Sangi was devoted to 
intensive research and field trials on the enamel restorative prop-
erties of the nano-hydroxyapatite. In 2003, Sangi had optimized 
the nanosize of its nano-hydroxyapatite particles [12].

Collaboration. Tokyo Medical and Dental University and 
Gifu Dental University (now Asahi University) both collab-
orated with Sangi in its research. Moreover, the universities 
conducted field trials proving the enamel restorative power of 
the nano-hydroxyapatite toothpaste [12].

Regulatory approval. The Japanese government in 1993 approved 
Sangi’s proprietary form of hydroxyapatite. It was designated 
as a Medical Hydroxyapatite to differentiate it from other 
hydroxyapatites in other dental applications [12].

Impact

Internal: establishment of a line of products. Sangi’s nano- 
hydroxyapatite is used now in toothpastes and remineral-
izing chewing gum. In addition, other applications with the 
same technology are under development in collaboration with 
Tohoku University.
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Market lead. One of major enamel restorative toothpastes by 
Sangi was introduced in 1985 and for 30 years has been sold 
extensively in Japan with over 90 million tubes sold.

Competitors following the same path. BASF and Henkel, 
noticing Sangi’s success, announced the development of 
nano- hydroxyapatite in 2002. Henkel then launched the first 
nano- hydroxyapatite toothpaste.

Product excellence. The product that was first introduced by 
Sangi showed excellent results in occluding exposed dentinal 
tubules and reducing hypersensitivity as well as exhibiting 
enamel restorative properties.

What’s Next?

Other applications that are now under development by Sangi 
include hydroxyapatite Powder Jet Deposition system (PJD) 
for the treatment of tooth decay. In addition, home-care anti- 
caries systems were also developed. Thus, such a technology 
can be applied to all tooth related care products due to its enamel 
restorative property as well as other beneficial effects. It can 
also enter into bone related products and therapeutics due to the 
benefits of nano-hydroxyapatite for bones.
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Chapter 15
Pharmaceutical Applications

A large number of already existing drugs suffer from poor water solu-
bility, burst release and unfavorable side effects due to un-targeted 
delivery. Implantation of nanotechnology in the drug industry allows 
overcoming these problems and introducing drugs with enhanced 
water solubility, sustained release and targeted delivery to the dis-
eased site. Moreover, nanotechnology allows reformulation of several 
hundred billion dollars of unused drugs instead of spending billions of 
dollars in formulating new drugs. Currently, several nano-based drug 
formulations have made their way into the market. Science push, 
observed side effects of the original product and developing better 
formulations are among the major drivers behind developing nano- 
based drugs. Meanwhile, safety concerns, regulatory approvals and 
required expertise and infrastructure are among the major barriers 
against the introduction of new nano-based drug formulations.

 Introduction
The drug industry is witnessing a major shift away from the one drug 
fits all approach to drugs that are more personalized based on the 
patient’s’ unique immune response and genome. Such shift to more 
personalized medicine will make use of targeted nanotechnology- 
based drug delivery systems [1]. Moreover, a large number of existing 
drugs suffer from poor solubility. The application of nanotechnology 
in the drug industry will allow benefit from unused, several hundred 
billion dollars’ worth of already existing drug compounds [2]. Nano- 
enabled drug delivery systems will result in extending the patent life-
cycles of different drugs via reformulating the existing drugs and/or 
compounds in new and more effectively delivered formulations [2].

Generally, many drugs suffer from poor water solubility that subse-
quently results in low dissolution rates and thus weak activity. Other 
drugs suffer from burst release that necessitate frequent administra-
tion of the drug. Untargeted delivery of different drugs with unneces-
sary and associated side effects represent an additional problem in 
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drug formulations. Decreasing the size of the drug and/or compounds 
to the nano range increases the surface-to-volume ratio and increases 
the dissolution rates. Nano-based drug delivery systems allow intro-
ducing drug formulations that are able to overcome solubility prob-
lems, are targeted to the site of the disease and are able to achieve 
sustained release over prolonged periods of time.

According to the latest market reports, the total nano-enabled drug 
delivery market size is forecast at 136 billion dollars by 2021 with 
nanocrystals and nanocarriers as the most commonly used nano-based 
structures. Still, developing novel drug delivery systems could create 
more value for companies and entrepreneurs [1]. In a nanocarrier drug 
delivery system the drug is loaded into/on the nanocarrier (also known 
as nanoparticles or nanoshells, between 1 and 100 nm) that could be 
labeled with targeting moieties allowing targeted delivery to the target 
site. Among the different nanocarriers available, gold nanocarriers 
and liposomes represent 45 % of the total market. Within the next 
decade liposomes will hold the largest market that could reach 15 bil-
lion in 2021. Meanwhile, gold nanocarriers will witness the highest 
compound annual growth rate of 53.8 % [1].

Solubility

Sustained
Release

Targeted
Delivery

Enhanced
Activity

Low to No
Side Effects

Enhanced
Compatibility

 

A schematic illustration of the added effects of nano-based drug 
formulations.
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Cases
 PFIZER’S IMMUNOSUPPRESSANT TABLETS

Increasing the solubility of the drug allowed formulating it in 
tablet form.

 

Pfizer has reformulated an immunosuppressant drug in the nanocrystal 
form. The original drug was poorly soluble and could only be formu-
lated in the powder form that had to be reconstituted before administra-
tion. Yet upon formulating it in the nanocrystal form, its solubility was 
greatly enhanced and that enabled formulating it in the tablet form.

Innovation

•An immunosuppressant for renal transplant patients is a poorly soluble drug. Pfizer
formulated it in the nanoform. This has resulted in enhancement of its solubility and thus
overcoming the poor dissolution rate and poor pharmacokinetics.

Nanotechnology

•Nanocrystals: the drug is formulated as oral tablets of nanocrystals of the active 
constituent sirolimus. Such nanoformulation led to an increase in the surface-to-volume 
ratio, thus when compared to a micronized formulation of the same drug it had better 
solubility, better bioavailability and better dissolution of the drug.

Results

•The success witnessed with the nano-based immunosuppressant drug has been extended
to three other approved drugs to enhance their solubilities. Whereas before the
application of nanotechnology the drug could only be formulated in powder form that
had to be reconstituted before administration, after the application of nanotechnology,
the drug could be formulated as a tablet.

 

Cases
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Drivers

Drawbacks of the original product. The low water solubility 
of the products did not only decrease its bioavailability and 
distribution and thus decrease its medicinal effect, but also re-
quired the administration of higher doses of the drug [3].

Science push. The increased research and development in the 
nanotechnology, field especially in drug delivery and pharma-
ceuticals, represents a great science push to the pharmaceuti-
cal industry [3].

Better formulation. The poor water solubility of the drug 
caused it to be only available as a powder dosage form that 
required a complicated reconstitution procedure for its admin-
istration [3].

Barriers

Cost-benefit ratio. Major European countries’ markets are cost 
regulated concerning the drugs. This is a significant limiting factor 
towards developing innovative drugs that have higher costs [4].

Safety concerns. Many of the properties of the materials are 
changed when they are decreased to the nano-range. Such new 
properties should be tested for their efficacy, especially that 
they could diffuse through different barriers causing many un-
intended side effects [5].

Expertise and Infrastructure. The new innovation required exper-
tise as well as infrastructure in the field of nanotechnology.

Enablers

Technological and research advancements. Technology as well 
as scientific advancement in the field of nanotechnology allowed 
the development and large scale production of the nanocrystals 
which in turn allowed the increased solubility of the drug [3].
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Regulatory modifications. The FDA speeded up the drug 
regulatory process and provided guidance in the form of 
Biopharmaceutics Classification System (BCS). Such system 
identifies expendable clinical bioequivalence tests [6].

Extended benefit. The costs spent on new infrastructure and 
research in that area could be compensated by applying this 
developed technology into different products of the company 
that suffer from the same problem; low solubility.

Impact

Internal. The company acquired new expertise and infrastructure 
that was extended to a number of different products.

Market lead and increased profits. The immunosuppressant 
drug that was based on the nanocrystal technology became the 
fastest selling drug within the transplant market. In 2008, the 
sales of the drug reached 376 million dollars.

Industry. The nanocrystal technology is being used in four 
other drugs [3].

Patient. Enhanced patient convenience with the new tablet 
formula compared to the previously troubling reconstituted 
powder formula [3].

What’s Next?

Pfizer uses wet ball milling to decrease the particle size of the 
active constituents, thus increasing the surface-to-volume ratio. 
This in turn increases the bioavailability, solubility, dissolution 
and reactivity. Such technology can be extended to different 
pharmaceutical formulas suffering from low solubility or reac-
tivity. Moreover, such technology can be extended to the food 
sector, where decreasing the particle size of preservatives and 
flavors will enhance their effects and also decrease the added 
concentration of such materials.

Cases
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 ANTICANCER DRUG BY ALZA, JOHNSON  
& JOHNSON

Delivery of an anticancer drug led to decreased side effects.

 

ALZA utilized nanotechnology to develop a new anticancer drug that 
treats ovarian cancer and Kaposi’s sarcoma. The utilization of nano-
technology allowed the drug to escape the immune system and deliver 
the precise dose of the drug to diseased areas.

•

•

•

Innovation

A new anticancer treatment that can deliver the precise dose of the drug to
diseased specific areas by escaping from the immune system. The drug treats
ovarian cancer and Kaposi’s sarcoma.

Nanotechnology

Lipid nanoparticles that have a Polyethylene Glycol (PEG) coating 
(STEALTH® technology).

Results

The developed STEALTH technology helps to escape the impact of the
immune system and allows precise delivery of drugs thus increasing the
efficacy of treatment, decreasing the dose and the associated side effects.
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Drivers

Increased side effects. About 90 % of the non-modified drug 
was lost in the body which necessitated increasing the dose 
and led to the unfavorable side effects of cancer treatments [7].

Science push. The increase in nano-based research represented 
a science push towards such innovation [7].

Competitive advantage. Current cancer treatments mostly all suf-
fer from the same drawbacks of increased side effects and unspeci-
ficity. Thus, ALZA, with the incremental innovation of its antican-
cer drug, could acquire new market shares from its competitors.

Barriers

Regulatory approval. As ALZA’s anticancer drug was the first 
lipid based drug to be introduced in the US and EU markets, it 
faced conservative and cautious assessment from the regula-
tory bodies [8].

Efficacy and safety assessment. Long studies for validating 
the efficacy and the safety of the newly introduced lipid-based 
drug were required.

Infrastructure and expertise. The new STEALTH technology 
required acquiring new expertise and new infrastructure by the 
company.

Enablers

High resolution characterization. ALZA used high resolu-
tion characterization methods (qNano) to verify the particle 
size within the definition of bioequivalence as set forth by the 
USFDA and EMA so it could ensure the optimization of the 
new formulation [8].

Decreased cost of incremental innovation. The nano-based 
form of an already existing drug had low research and devel-
opment costs compared to developing a completely new drug.

Cases
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Increase in nano-research. There is an increase in nano-based 
research, especially in drug delivery, where it is considered 
the dominant research field contributing 76 % of the scientific 
publications in nanomedicine [7].

Impact

Internal. ALZA developed excellent expertise in handling the 
STEALTH technology that can be extended to a whole range 
of similar drugs.

Competitors. The increased efficacy and decreased side effects 
of the nano-modified anticancer drug provided it with a com-
petitive advantage over other competitors in the market.

Patient. Compliance and acceptability by the patients due to 
the decreased side effects.

What’s Next?

The developed STEALTH technology by ALZA allowed the 
drug to evade the immune system and enhanced its delivery to 
the required diseased parts. This technology can be extended 
to similar cases of drugs with increased side effects in different 
diseases not only in cancer drugs.

 NOVAVAX TOPICAL LOTION FOR MENOPAUSE
Estradiol lotion instead of orally administered drug.
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Estradiol that is used in the treatment of menopause was usually 
administered orally and subjected to the clearing effects of the liver. 
Novavax utilized nanotechnology to develop the first estradiol topical 
lotion which increased patient convenience and enhanced the effective-
ness of the drug.

Innovation

• Novavax has developed a topical lotion that is able to deliver 17B estradiol
through the skin, thus avoiding the liver and its clearing effects. The topical
estradiol lotion is used in the treatment of menopause.

Nanotechnology

• Micellar nanoparticles that form an emulsion allowing the delivery of its 
loaded drug to the blood stream by topical application on the skin. Novavax 
micellar nanoparticles technology has been patented to Novavax.

Results

• The topical estradiol lotion resulted in increased patient convenience and
increased efficacy of the applied drug.

 

Drivers

Nano-trend and research. There is a growing trend of conducting 
research in nanotechnology based formulations. Moreover, 
there are always great and novel advancements in nanotech-
nology research.

Strong market. The developed product would compete in the 
non-systemic segment of the Hormone Replacement Therapies 
(HRT) US market, which is the only segment showing growth 
within the 1.5 billion dollar US HRT market [9].

Internal strategy. Novavax is a company focused on creating 
differentiated and value-added pharmaceutical, vaccine products 
and technologies.

Improved delivery route; decreased drawbacks. The new delivery 
route could overcome the side effects associated with the original 
delivery route because the new route bypasses the liver.
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Barriers

Research and development. Intensive research, optimization 
and clinical studies were required to develop the nano-based 
drug that allowed administration of the drug in an optimal 
dose via topical application.

Intellectual Property (IP). Novavax had to acquire IP for its 
developed technology in order to maintain its competitive ad-
vantage in the market.

Enablers

Strong experience. Novavax utilized similar drug delivery 
technologies in other products. Such technologies include 
Novasomes® and Sterisomes® for subcutaneous injection.

Company internal structure. Novavax works in developing 
and producing vaccines. Thus, the R&D in the company is 
familiar with the development of micellar systems for drug 
delivery and for proper vaccine delivery.

Impact

Licensing. The improved properties due to the acquired and 
patented technology by Novavax had Esprit Pharma license 
exclusive North American rights from Novavax [9].

Partnerships. The licensing of the topical estradiol lotion by 
Esprit was the beginning of a long term relationship to expand 
the product pipeline of Esprit [9].

Patient. According to research studies, the topical estradiol lo-
tion is widely accepted by patients due to its better route of 
administration [9].

What’s Next?

Novavax used micellar nanoparticles to prepare a preferable 
topical dosage form of its drug where the micellar nanoparticles 
enhanced the delivery of the drug via the skin thus allowing it 
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to bypass the liver. Such technology could be extended to other 
drugs allowing a preferable topical dosage form of these drugs. 
Also, such a technology could be extended to cosmetics, creams 
and lotions increasing the diffusion and transfer of its compo-
nents via the skin.

 CELGENE’S ANTICANCER DRUG
Overcoming the insolubility of an anticancer drug.

 

Celgene utilized nanotechnology to overcome the insolubility of the main 
active constituent of a breast cancer drug. The developed nano-based 
breast cancer drug improved activity with marked decrease in side effects.

•

•

•

Innovation

A breast anticancer drug (FDA approved in 2005) that could overcome the
insolubility of its active constituent paclitaxel.

Nanotechnology

Nanoparticles (approximately 130 nm) of albumin bound to the active 
constituent paclitaxel. 

Results

The breast anticancer drug total revenues from 2009 were 314.5 million
dollars. The stock of the company soared after its approval by the FDA making
the company’s chairman (who owns over 80 % of the company’s stock) a
multi-billionaire. Moreover, the application of nanotechnology allowed the
patients to overcome the hypersensitivity reactions that were usually
associated with the unmodified drug due to the solvents used for increasing the
solubility in the unmodified formulations, and thus increasing the patient’s
convenience and acceptability.  
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Drivers

Science push. The marked increase in nano-research in the 
past two decades, especially in drug delivery with a special 
focus on cancer, represented a science push towards enhancing 
such an important class of therapeutics.

Strong market. Breast cancer is the most common cancer in 
women. Its incidence increases with age, doubling nearly eve-
ry 10 years until menopause, as provided by Globocan (2002). 
Thus, breast cancer drugs have a strong market.

Demand pull. Paclitaxel is a strong anticancer drug, however, 
it suffers from insolubility. This necessitates the use of solvents 
that usually lead to hypersensitivity reactions in the patients. 
Therefore, an enhanced drug delivery system was required.

Barriers

Intensive research and clinical trials. Developing an opti-
mized new formulation of the drug requires extensive research 
and expensive clinical trials.

Regulatory approval. FDA approval of new drugs always rep-
resents a long and expensive process that stands in the way of 
new drug development.

Enablers

Previous patent expiry. The original version of the nanofor-
mulation is Taxol. Upon the expiry of Bristol-Myers Squibb’s 
Taxol patent in 2000, a generic version of it, Paclitaxel, be-
came available at about 150 dollars per dose [10].

Proper use of nano-coating. The superiority of the developed 
breast cancer drug is due to its innovative albumin coating. 
Albumin is a natural protein in the body that has few allergic 
reactions that were often associated with paclitaxel as severe 
side effects [10].
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Patent monopoly. Nanotech-enabled drugs allow extending 
and securing monopoly patents by making new nano-versions 
of existing old patents of drugs [10].

Impact

Market acquisition. Abraxis BioScience was the first to devel-
op the Nanoparticle Albumin Bound (NAB) technology plat-
form. Such technology was then acquired by Celgene which 
now markets the developed nano-based anticancer drug.

Strong market and multi-billionaire CEO. The developed 
nano- based anticancer drug total revenues in 2009 were 314.5 
million dollars. The stock of the company increased after the 
drug’s approval by the FDA making the company’s chairman 
a multi-billionaire.

Patient. Enhanced patient compliance due to decreased side 
effects.

Nanodrugs. The approval of the developed nano-based anti-
cancer drug by the FDA was considered a giant leap for nano- 
enabled drugs [10].

What’s Next?

Celgene used albumin (natural protein in the body) based na-
noparticles to decrease the allergic reactions produced by the 
body’s immune response to foreign bodies or drugs. Thus, 
such a technology can be extended to other drugs decreasing 
the allergic reactions associated by them and decreasing their 
side effects.
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 SMITH & NEPHEW’S ANTIMICROBIAL WOUND 
DRESSING

Wound dressings that kill bacteria.

 

Smith & Nephew developed wound dressings loaded with nano- 
crystalline silver. The nano-crystalline silver imparted enhanced antimi-
crobial properties to the developed dressing.

Innovation

• A wound dressing with enhanced ability for fighting infections.

Nanotechnology

• Silcryst nano-crystalline silver that impart enhanced antimicrobial properties 
to the dressing.

Results

• Effective wound dressing for reducing risks of infections associated with
wounds. Moreover, the nano-enabled wound dressing allowed the Smith &
Nephew silver based dressings to enter a new market segment; Infection
Management.

 

Drivers

Competence enhancing. Smith & Nephew silver based dress-
ings is a significant development to the dressings developed 
by the company, thus improving activity in infection manage-
ment [11].
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Demand pull. Smith & Nephew’s silver based dressings were 
developed after the company listened to clinicians’ main con-
cerns and noticed their need for infection management wound 
dressings [11].

Nanosilver trend and research. There is increased dedication 
to nano-research with a massive portion of it directed towards 
silver nanoparticles and their associated properties, especially 
their antimicrobial properties.

Share in a new market segment. The Smith & Nephew silver 
based dressings allowed the company to focus on a new mar-
ket segment of wound care: infection management [11].

Barriers

Intensive research and clinical trials. Research and clinical 
trials are needed to develop efficient and optimized wound 
dressings coupled with studies to validate their safety.

Nanosilver safety debate. Despite the wide use of silver nano-
particles, their safety is still not completely validated. Several 
studies have linked negative side effects to silver nanoparti-
cles. Thus, public debate about the use of silver nanoparticles 
is among the barriers standing against it.

Enablers

Partnership. The development of Smith & Nephew’s sil-
ver based dressings was possible due to its partnership with 
Nucryst Pharmaceuticals, the developer of the Silcryst tech-
nology [11].

Network. Nucryst licensed this technology to Smith & Nephew, 
which has had strong market presence for over 30 countries. 
Moreover, Smith & Nephew prides itself with its strong net-
work of professional health care customers and surgeons with 
whom the company’s name is well known for.
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Strong R&D. Smith & Nephew is one of the leading companies 
in advanced wound management, endoscopy and orthopedic 
trauma. Thus, it has well positioned R&D that ensures con-
tinuous development of high-tech products.

Impact

New market shares. Smith & Nephew’s silver based dressings 
allowed the company to have shares in new markets, which in 
this case was infection management in wound therapy.

Product excellence. The Smith & Nephew silver based dressings 
have been designed after listening to physicians and profes-
sionals in the field and developed the optimized products that 
would support them in wound infection management. The 
Smith & Nephew silver based dressings’ line combines both 
enhanced antimicrobial properties (nanocrystalline silver) and 
enhanced conformability on awkward anatomical areas such 
as hands and face. That’s in addition to the excellent stretch 
capabilities of the dressing.

What’s Next?

Smith & Nephew used nanocrystalline silver to impart antimi-
crobial properties to its wound dressing. Thus, such a technol-
ogy of antimicrobial silver nanoparticles could be extended 
to any application that would benefit from having antimicro-
bial properties. Examples of different applications could be 
socks, where antibacterial silver based socks would prevent 
foul odor, bed dressings in hospitals to decrease nosocomial 
infections and fridges.
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Final Conclusive Words

Challenges to consider while using nanotechnology
As previously mentioned, materials behave differently at the 
nanoscale. Although this is the power of the nanoscale materials, it 
does not go without risks. Concerns rise about the toxicities of some 
nanomaterials because, as materials become smaller, there is fear that 
they might more easily cross the blood brain barrier (a membrane that 
protects the brain from any harmful materials in the blood stream). 
Thus, with the widespread use of nanomaterial in nearly everything, 
from antimicrobial socks and highways to walls and metro stations, 
precise and intense investigations regarding the long term safety of 
the nanoparticles must be considered.

There are also some ethical and social issues concerning nano-
technology. Fear of the misuse of nanotechnology in the creation of 
weapons of mass destruction raises the need for certain rules and 
regulations to govern the development of nano-based devices. 
Uncertainty concerning market and consumer acceptance is also a 
challenge facing the entry of nano-based products. Organizations, 
like Friends of the Earth, are already alarming the public about the 
use of nano-based products. Thus, to overcome this barrier, proper 
awareness regarding the properties and safety of the developed prod-
uct should be available.

How did they make it?
By analyzing the different industrial sectors covered in this book 
along with the different case studies in each sector, we can conclude 
several factors that contribute to the success of companies, enterprises 
or governments that are willing to invest or apply nanotechnology 
innovations:

1. Smart Investment
The government’s investment in nanotechnology is a crucial factor 
for businesses to flourish. Many governments have worked on 
developing nano-research and commercializing nano-based tech-
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nologies. For example, the US government adopted investments in 
nanotechnology by establishing the National Nanotechnology 
Initiative (NNI), making nanotechnology a federal initiative. 
However, governments and investors should be extremely cautious 
when spending cash on immature technologies because there are no 
generalizable standards to evaluate nanotechnology developments. 
Additionally, it is difficult to predict which innovations would make 
it to the market and, for those that do, which would thrive in the 
market. Many innovators rushed into the market with high-tech 
innovations without ensuring that they can adequately develop and 
improve their products.

2. Open Innovation
In order to benefit from a nanotechnology innovation, enterprises do 
not need to study nanotechnology from scratch nor to completely 
overturn the scientific activities of their R&D labs—they do not even 
need to have an R&D lab. All what an enterprise needs is to identify a 
problem or an intended application. Then it can collaborate or partner 
with a nanotechnology company or a research center that can fulfill its 
expected outcome. This model is what many enterprises adopted in 
our discussed case studies and was proven successful. Open innova-
tion is a big advantage to small nanotechnology companies because 
they can make use of the well-established R&D and manufacturing 
capabilities of the bigger corporations. Many have taken the adopted 
nanotechnology advantage to the next stage by applying it to different 
products, therefore, have targeted new segments.

3. Competitive advantage
The “know-how” is the secret word for building a strong business in 
nanotechnology-based applications. Companies that developed and 
secured a know-how for a particular process or product innovation 
managed to make growing profits from this knowledge, especially 
when this know-how is hard to imitate, thus reducing threats of new 
entrants. This explains why most of the nanotechnology companies 
are spin offs from successful academic research that could be up- scaled 
and could serve new or existing markets.
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4. Educating the public
As mentioned previously, public understanding of nanotechnology is 
still somewhat immature. Here, regulatory authorities play an impor-
tant role in educating the public about nanotechnology and in inform-
ing the public about the safety issues associated with the different types 
of nanomaterials. Companies also have a responsibility towards their 
nano-based innovations. They should attempt strategies to educate 
their customers and to show that they are complying with regulations 
to reassure their customers. This will lead to the differentiation of their 
innovations in a competitive market.

5. Business sense
A genius in nano is not enough. Many academic researchers or even 
nanotechnology companies work on innovations that are highly prom-
ising. However, they lack the talent to transform the technology into a 
profitable business. Sometimes they pour all their efforts and money 
into technology aspects and end up with not enough left to invest in 
creating business models or in networking with business profession-
als and investors.

6. Market demand
No matter how innovative the technology being introduced to the market, 
there should be a growing need in the market for this technology other-
wise it is rendered a failure. A big market size will guarantee a profit-
able position for the new innovation and the innovators could then work 
solely on differentiating themselves. Usually nano-based innovations 
are new market entrants, therefore, they need to spot a growing indus-
trial trend and use it as an incubator where the technology will not only 
make profit, but will also be developed, improved and sustain its path 
of success. Incumbents are usually big barriers to the entry of new tech-
nologies. Nano-tech based innovations should introduce differentiating 
features such as lower prices or better performances or both.
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