MORA

ASSOCIATES
CLEAN ENERGY | CLEAN TECHNOLOGY

Nanotechnology in the clean tech sector

Research report
January 2008

Analyst
Leonard Wagner, leonard@moraassociates.com

Table of Contents

Introduction to the science of small things..........cceevviiiiiiiiiii 1
What is nanoteChnoIOgY? ... 1
History of NanoteCNNOIOGY ...........uuuuuuiiiiiiiiiiiiiiiiiiii e 1
Impact of nanotechnologies in clean tech sector ............cccccooiiiiiii 2

Applications in the clean tech sector............o i e 3
Nanotechnology and clean Water ...........ooo i 3

Problems in the Water INAUSEIY ... e e e e e e e e e e e e 3
The promise of NANOECHNOIOGIES .........cuuiiiiiiii et 3
FUEI-DOrNE CatalyStS ........uuiiiiiiiiiiiiiiii e 4
SUPEICONAUCIONS ... e e e e e et e e e e e e e e e e e s st e e e eaaeeeeeenes 4
Nano-enabled batteries .........oouiieiii e 5
Thin film SOlar CEIIS ... 6
Superior insulation With ABIOGEN ..........u e 6
NanocomMposite MaterialS ............oiviiiiii e e e e e eees 7
N E=Ta o] o= Ly o] [T PSP SUPPP PPN 7
NP TaTo] g g 1Yo 1o | - PSSR 7
Nanotubes and quantum wires L et e et ee et e ettt e et e et e ee et ee et en e eeeens 7
Nanoglue B et e e ee et e ee et e e et et e e e e ee e e se e et e e oo e et eeeseeeaeeeseee e eetee e eeteeeeeeeeeseee e eeseee e eeseeeaneeeen 8

The risk in nanotechnology M ...t sas e e 8
Betting on the science of small things..........cooiiiiiiii e 8
Lack of knowledge and inherent riSKS.............uuiiiiiiiiiii e 8
ENd-Of-life regUIALIONT ......u e 9
Clean air and water StandardsS................uuuiii e 9

Recent VC deals in nanotechnology ..........cccuiiiiiiiiiiiiiisssssssssss s ssss s s sssssssssssssssssssssnsens 9

Bibliography ... 10


mailto:leonard@moraassociates.com

MORA

ASSOCIATES
CLEAN ENERGY | CLEAN TECHNOLOGY

Introduction to the science of small things

What is nanotechnology?

US Nanotechnology Research and Development Act of 2003, Section 2(5)
The term “nanotechnology' means science and engineering aimed at creating materials, devices, and
systems at the atomic and molecular level.

US National Nanotechnology Initiative (NNI)
Nanotechnology is the understanding and control of matter at dimensions of roughly 1 to 100
nanometers, where unique phenomena enable novel applications.

Center for Responsible Nanotechnology

Nanotechnology is the engineering of tiny machines—the projected ability to build things from the
bottom up, using techniques and tools being developed today to make complete, highly advanced
products.

Nanologue.net / Wuppertal Institute, Germany (2003)

The “nano” prefix derives from the Greek noun nanos, meaning dwarf. A nanometre (nm) is one
billionth (1 x 10’9) of a metre: the length of about ten atoms placed side-by-side, or 1/80,000"™ of the
thickness of a human hair. Nanotechnology is commonly understood as a technology involving the
manipulation and application of matter, based on its properties at the atomic scale.

Royal Society, ‘Nanoscience and nanotechnologies: opportunities and uncertainties’ (2004)
Nanoscience is the study of phenomena and manipulation of materials at atomic, molecular and
macromolecular scales, where properties differ significantly from those at a larger scale.
Nanotechnologies are the design, characterisation, production and application of structures, devices
and systems by controlling shape and size at nanometre scale.

The Clean Tech Revolution, Ron Pernick and Clint Wilder (2007)

While there is no single definition for nanotechnology, most scientists and technologists who work in
the sector agree that nanotechnology is generally the manipulation of matter at a very tiny scale — from
1 to 100 nanometers. To put this in perspective: an average human hair is 50,000 to 100,000
nanometers thick.

History of nanotechnology

Nanotechnology is an umbrella term that encompasses a vast range of technologies across a number
of disciplines. Its foundations have emerged over decades of research in many different fields:

Computer circuits have been getting smaller.

Chemicals have been getting more complex.

Biochemists have learned more about the molecular basis of organisms.
Mechanical engineering has been getting more precise.

In 1959, the physicist Richard Feynman was the first scientist to suggest that it
should be possible to build devices and materials fabricated according to atomic
specifications. Among other things, he predicted that information could be stored with
amazing density. To quote Feynman, "the principles of physics, as far as | can see,
do not speak against the possibilit}/ of manoeuvring things atom by atom." Later the
term nanotechnology was coined. i

In late 1970s, Eric Drexler began to invent what would become molecular manufacturing. He quickly
realized that molecular machines could control the chemical manufacture of complex products,
including additional manufacturing systems, which would be a very powerful technology.

Many fields of endeavour contribute to nanotechnology, including molecular physics, materials
science, chemistry, biology, computer science, electrical engineering, and mechanical engineering.

© Mora Associates Ltd, 2008 1
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The nanoscale science was finally enabled by advances in microscopy, most notably the electron,
scanning tunnelling1 and atomic force microscopes, among others. g

According to Cientifica, a consultancy firm specialized in nanotechnology, the past five years has seen
investors backing a variety of nanotechnologies, and then attempting to foist them on an unwilling and
uninterested market. A new wave of investors will see nanotechnology as a key to unlocking further
value within those markets, rather than a whole new market in its own right. ol

Impact of nanotechnologies in clean tech sector

Nanotechnology’s impact on cleantech is growing, and happens both through product and process
innovations, with each type of impact posing its own set of challenges, according to a new report titled
“Nanotech’s Impact on Energy and Environmental Technologies” published by Lux Research in
August 2007:

“The rapid increase in nano-enabled cleantech patents and publications relative to overall cleantech
numbers indicates that nanotechnologyds i mpact
fast clip,” says Lux Research analyst Jaideep Raje. “However, the near-term cleantech applications of
nanotechnology are likely to come in more mundane forms like catal]ysts, coatings, and additives i not
through big-ticket applications like next-generation photovoltaics.” /"°

Key findings of the report are:

e Governments across the world invested $1.1 billion in 2006 on nano-enabled cleantech, a
16% increase over 2005 funding, but just 5% of cleantech funding overall.

e In 2006, 983 US patents were issued and 7,132 scientific papers were published on nano-
enabled clean technologies; both these figures have grown at over 30% annually from 2002 to
2006.

e Venture capitalists invested $292 million into nano-enabled cleantech companies in 2006, a
91% increase over the amount invested in 2005, accounting for 15% of all cleantech VC. At
the other end of the start-up pipeline, nano-enabled cleantech companies make up just 2% of
cleantech M&A activity and IPO values.

e Of the roughly 1,500 start-ups focused on cleantech operating across the globe in 2006, 19%
of these companies are developing nanotech approaches, with a large majority (80%) working
in energy.

2005 Global Venture Capital Investment in
Nanotechnologies by Sector

m Speciality Chemicals and
Advanced Materials

® Medical and Pharmaceutical

= Energy

H Consumer Electronics

H Tools

H Textiles

ITand Telecoms

Semiconductor Industries

Figure 17 Breakdown of 2005 venture capital investments by sector (Source: Cientifica)

! Scanning tunneling microscopy (STM) is a powerful technique for viewing surfaces at the atomic level.
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The Nanotechnology Market in 2007
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Figure 2 1 Breakdown of nanotechnology market in 2007 (Source: Cientifica)

Applications in the clean tech sector

Nanotechnology and clean water

Problems in the water industry

While over 70 per cent of the Earth’s surface is covered by water, most of it is unusable for
human consumption. According to the Government of Canada’s Environment Department,
freshwater lakes, rivers and underground aquifers represent only 2.5 per cent of the world’s
total freshwater supply. Unfortunately, in addition to being scarce, freshwater is also very unevenly
distributed. The United Nations has compared water consumption with its availability and has
predicted that by the middle of this century between 2 billion and 7 billion people will be faced with
water scarcity.

It gets worse: In the developing countries, 80 per cent of illnesses are water-
related. Due to the shortage of safe drinking water in much of the world, there are
3.3 million deaths every year from diarrheal diseases caused by E.coli, salmonella
and cholera bacterial infections, and from parasites and viral pathogens.

The promise of nanotechnologies

The use of nanotechnologies in four key water industry segments — monitoring, desalinization,
purification and wastewater treatment — could, in theory, play a large role in averting future
water shortages. But hoping that the 'magic' of nanotechnology will solve all water problems is naive -
the basic problems of accessibility to technologies, affordability, and fair distribution still need to be
solved.

It is important to note that many conventional technologies already exist that
effectively remove bacteria, viruses, coliforms, and other contaminants from
water; water desalination is a proven technology; and wastewater treatment
plants do exist. Some of these solutions are expensive; some are affordable and
can be produced locally.

© Mora Associates Ltd, 2008 3
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Saudi Arabia, for instance, produces 70 per cent of its drinking water from desalination plants (no
nanotechnology involved). However, one industrial-scale plant costs roughly one billion dollars and
one cubic meter of water costs a bit over $1 to produce.

As for water purification, a review of the literature suggests that
several technical challenges remain with regards to the cost and
effectiveness of removal of certain contaminants in a manner that
meets the needs of people in developing countries. That's where
nanotechnology comes in because it could increase the
effectiveness of existing water treatment solutions and, so claim

Availability

On the market since late 1990s,
currently in R&D and commercialisation
phase

Key players
KX Industries (US), Argonide
Nanomaterials (US)

the proponents, be made available at a much lower cost.

It is misleading, though, to suggest that nanotechnologies will magically change this picture
anytime soon. Almost all proponents of nanotechnology-based water treatment technologies claim
that nanotech will make it more affordable. That may be the case some time in the future. Firstly, most
nanotechnology-based applications are still in R&D stage. None of them has been scaled up to

industrial levels yet — a major prerequisite to bring prices down.

In conclusion, there are two points to make:

e Conventional technology and political will today could solve a lot, if not all, of the water

problems the world is facing. At considerable cost.
¢ Nanotechnologies could make

it easier to solve these problems

if the hurdle of

commercialization can be overcome; as long as nanotech-enabled products are more
expensive than conventional technologies, they cannot be competitive.

Fuel-borne catalysts

Fuel-borne catalysts work by helping diesel fuel burn more
efficiently in the engine, increasing fuel economy and reducing
particle emissions. Nanoparticles of materials such as cerium
oxide added to fuel have the effect of making the fuel burn more
evenly and longer. By using catalyst particles in the range of a few
nanometres the efficiency of the material is dramatically increased.

Trials by UK based Oxonica have indicated improvements in fuel
efficiency of up to 10% and a reduction in soot” emissions of

Availability

Currently in use in Turkey and the
Philippines and awaiting approval by
the US Environmental Protection
Agency

Key players
Oxonica (UK), Innospec (US), Infineum
(UK), Rhodia (France)

around 15%, reducing both carbon input and output. In a diesel engine, combustion occurs when the
fuel injected into a cylinder is compressed. By spreading out the burn, the fuel-borne catalyst reduces
the force exerted at the start of the burn, when the piston is still pushing into the cylinder. Later in the
cycle, by decomposing under the heat and pressure of combustion, the cerium oxide particles release

some of their oxygen to feed the flame, combusting residual pockets of fuel. ™"

Superconductors

Capacitors use physical charge separation between two electrodes
to store charge. They store energy on the surfaces of metalized
plastic film or metal electrodes. Supercapacitors are electrical
storage devices that can store a much higher density of energy in
a short time based on increased surface area afforded by the use
of nanomaterials. The energy density of supercapacitors is 100
times higher than in normal capacitors and the power density is 10
times higher than in normal batteries allowing their use in portable
electronics, electric vehicles and for storing energy %enerated from
renewable sources such as wind and solar power. 3

Availability
In trials in mobile phones, hybrid
electric vehicles and power lines

Key players

Maxwell Technologies (US), ELIT Co
(Russia), NessCap (South Korea). Cap-
XX (Australia), American
Superconductors (US), 3M (US)

2 Soot, also called lampblack or carbon black, is a dark powdery deposit of unburned fuel residues
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Supercapacitors are also finding applications in a wide range of electronic and engineering
applications in which a large, rapid pulse of energy is required. Supercapacitors offer a lightweight,
low-cost source of energy to replace lead-acid or even lithium-ion batteries in a range of applications
from power tools and mobile electronics to hybrid electric and fuel-cell-powered vehicles. They can be
used in hybrid-electric and fuel-cell-powered vehicles that need such a surge of energy to start, which
cannot be provided by regular batteries. ['"]

Nano-enabled batteries

According to Ron Pernick and Clint Wilder, the authors of the book Availability

The Clean Tech Revolution, nano-enabled battery solutions could
dramatically change the way in which we produce and store
electricity. Powerful batteries could absorb days’ worth of energy
and act as grid energy storage. Such a technology would be a key

On the market since 2006, nano-
enabled batteries are increasingly being
used in power tools, aviation engine
start, hybrid buses and PHEV
conversions

enabler for wind and solar energy.

Key players

A123 Systems (US), NanoEner
Technologies (US), mPhase
Technologies (US), Altairnano (US),
Zpower (US), Nanoexa (US), 3M (US),
Toshiba (Japan)

Nanobatteries are batteries that are fabricated employing
technology at the nanoscale, a scale of minuscule particles that
measure less than 100 nanometers. In comparison, traditional Li-
lon technology uses active materials, such as cobalt-oxide, with

particles that range in size between 5 and 20 micrometers. It is
expected that nanotechnology will improve many of the failings of present battery technology, such as
re-charging time and battery “memory”.

The main advantages of nanobatteries are:

e More available power from a battery and less time required to recharge a battery. These
benefits are achieved by coating the surface of an electrode with nanoparticles. This increases
the surface area of the electrode, thereby allowing more current to flow between the electrode
and the chemicals inside the battery.

e Increased shelf life of a battery by using nanomaterials to separate liquids in the battery
from the solid electrodes when there is no draw on the battery. This separation prevents the
low level discharge that occurs in a conventional battery, which increases the shelf life of the
battery dramatically.

o Reduced danger of batteries catching fire by providing less flammable electrode material.

Several companies are researching and developing these technologies.
A123Systems is a developer of nano-enabled Li-lon batteries. Founded in 2001,
A123Systems’ proprietary nanoscale electrode technology is built on initial
developments from the Massachusetts Institute of Technology. ' In March of
2005, Toshiba announced that they had a new Li-lon battery with a nano-
structured lattice at the cathode and anode that allowed the battery to recharge a
surprising eighty times faster than previously. Prototype models were able to
charge to 80 percent capacity in one minute, and 100 percent recharged after 10
minutes. @

The global energy-storage device market, $48 billion in 2005, will grow 7% a year to $74 billion in
2010 according to Tokyo-based market research firm Global Information. '* At present, we are in an
early commercialisation phase and new nanobatteries are slowly replacing conventional Li-lon
batteries. BAE Systems announced in May 2007 that, starting in 2008, it will offer A123's Li-lon battery
technology as part of its HybriDrive Propulsion System used in hybrid buses. Black & Decker is
already using nano-enabled batteries in a line of DeWalt power tools.

Company
A123Systems

Product and Technology Advantages

Lithium-ion battery with the cathode made from
nano-phosphate, literature is unclear as to

whether this is nanoparticles of phosphate on a
substrate or a nano-porous phosphate structure

Higher power, quicker recharge, less
combustible than standard lithium-ion
batteries

© Mora Associates Ltd, 2008 5
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Company Product and Technology

Advantages

Electrodes composed of nanoparticles on a
substrate for use in batteries

NanoEner Technologies

Faster charge and discharge rate
than conventional electrodes

Mphase Technologies
"nanograss" when the battery is not in use

Battery with chemicals isolated from electrode by

Very long shelf life

Lithium-ion battery with the anode composed of
lithium titanate spindel nanoparticles

Altaire Nanotechnologies

Higher power, quicker recharge, less
combustible than standard lithium-ion
batteries

silver cathode

Naoexa Lithium-ion battery using nanocomposite Higher power, less combustible than
electrodes using technology developed at standard lithium-ion batteries
Argonne National Laboratory

Zpower Silver-zinc battery using nanoparticles in the Higher power density, low

combustibility

Sources: A123Systems (www.al23systems.com), Zpower Battery (www.zpowerbattery.com),

www.understandingnano.com ™

Thin film solar cells

Current solar technologies are based on silicon and are produced
in a fashion similar to computer chips. As a result, they are
relatively expensive, which is why after 30 years of development
they are still a minor source of alternative energy when compared
to the global energy production mix. However, solar energy is one
of the fastest growing sectors in renewable energies, especially
when [1tgking into account the future contribution of thin-film solar
cells.

Availability
Onwards from 2009

Key players

Nanosolar (US), Konarka (US),
Heliovolt (US), Hydrogen Solar (UK),
Dyesol (Australia), Altairnano (US),
ECD Ovonics (US)

Organic thin film solar cells represent promising alternatives that use low-cost materials, mainly based
on nanoparticles and polymers. Cost rather than efficiency has been the greatest obstacle to the
widespread adoption of solar energy. In fact, the price of polycrystalline silicon has risen by 500%
since 2004. Organic thin film solar cells, on the other hand, are produced on a polymer substrate
which can be both cheaply produced and processed. ')

The use of a flexible substrate means that the cells can be produced via roll processing rather than an
ultra-high-vacuum semiconductor plant. Processing can take place on a continuous basis rather than
passing through a sequence of discrete steps. Efficiencies will be similar or greater than existing
technologies (some have predicted as high as 30%) and development has been spurred by the large
amount of funding going into both nanotechnologies and renewable energy. [

Superior insulation with Aerogel

Aerogel, often known as frozen smoke, is the lightest substance
that we can make — weighing just twice as much as air and
comprising a tangle of silica containing around 90-99.5 per cent of
air. In the manufacturing process, tiny pockets of between 5 to 150
nanometres across are formed, making the material a fantastic

Availability

On the market since 2003, aerogels are
finding applications in both architecture
and liquefied natural gas (LNG)
transportation due to their excellent
insulating properties and low weight.

insulator, two to eight times better than fibreglass or polymer

foams. ' Key players
Cabot Corp (US), Aspen Aerogels (US),

Kalwall (US), TAASI (US)

The fact that modern aerogels are transparent, lightweight, tough

and highly insulating makes them an attractive substitute for glass

in architectural applications such as skylights and roofing. Rather than trying to generate energy from
covering a roof with solar panels, it can be easier to let the sun shine in and then trap some of the
heat. Simultaneously the need for artificial lighting can be reduced. Nanogels can also be incorporated
into traditional glazing to further increase energy efficiency. The most practical application for aerogels
is insulation for liquefied natural gas (LNG), most of which is landlocked and requires a lot of cooling
and insulation to enable it to be liquefied and transported. Better insulation means less energy is

© Mora Associates Ltd, 2008 6
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needed to keep the gas liquid, and better (and therefore thinner insulation) means less insulation and
more gas can be transported aboard ships. (]

Nanocomposite materials

Nanocomposite materials are polymers to which other materials such as nanoparticles or nanofibres
have been added in order to alter the properties of the bulk material. This is one of the oldest
applications of nanotechnology and has been used in the transportation sector since the 1990s in
order to replace steel with composites in an increasing number of components. "

The simplest way to reduce the emissions generated by a vehicle Availability

is to reduce its weight. Fuel consumption is directly related to the | cyrrently in use in Turkey and the
weight of a vehicle and replacing steel with lighter materials such | Pnilippines and awaiting approval by
as nanocomposites can generate huge fuel savings in everything | the US Environmental Protection
from automobiles to aircraft. Composites will comprise 100% of the | A9ncY

skin of the new Boeing 787 aircraft and 50% of all the materials in | ey players

the aircraft. Not only are these materials stronger, lighter and in | Boeing (US), Toyota (US), BASF
many cases cheaper than aluminium and steel, but can be | (German), General Motors (US)

assembled using fewer rivets, cutting production time by a factor of
up to four times. "

After ten years of R&D these companies can produce nanomaterials cheaply. An increasing number of
start-up companies try to find opportunities in niche markets. This means that concerns about
nanomaterials production bottlenecks are eased with an increasing number of suppliers and more
suppliers.

Nanoparticles

Many products are now embedded with silver nanoparticles. The reason for this is that silver, at a
nanoscale size, can have antimicrobial properties. Silver nanoparticles may come in handy wherever
you want t[c1)] kill germs — for instance, in applications as diverse as washing machines, chopsticks and
bed linen.

Nanotechnology can also be used in food production, most often as nanoparticles of silver in food-
preparation equipment. The food industry is also trying to restructure ingredients at the nanoscale so
as to include particles of trace metals in food supplements and to produce less-fattening foods.

Nanomedicine

Nanomedicine is the medical application of nanotechnology. The approaches to nanomedicine range
from the medical use of nanomaterials, to nano-electronic biosensors, and even possible future
applications of molecular nanotechnology. Current problems for nanomedicine involve understanding
the issues related to toxicity and environmental impact of nanoscale materials.

In April 2006, the scientific journal Nature Materials estimated that 130 nanotech-based drugs and
delivery systems were being developed worldwide. But this nanomedicine is beyond the scope of this
report.

Nanotubes and quantum wires [

Inside living cells, fluids flow rapidly through microscopic, nearly frictionless
protein channels. Until now, man-made nanoscale structures have not been
able to mimic the speeds of natural systems because the fluids flow slowly
along the walls. A team of engineers recently found that carbon nanotubes
only seven-billionths of a meter in diameter channel many fluids in a nearly
friction-free manner.

Figure 31 Water travels through carbon nanotubes at a rate 10,000 to 100,000 times faster than
models predict. (Source: University of Kentucky)

© Mora Associates Ltd, 2008 7
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The fabrication techniques for these nanotubes easily adapt to large-scale production. The technology
could one day be used to deliver drugs through the skin or in specialized chemical sensors.

It is possible to make quantum wires out of metallic carbon nanotubes, at least in limited quantities.
The advantages of making wires from carbon nanotubes include their high electrical conductivity, light
weight, small diameter and low chemical reactivity. The major drawback is cost.

In April 2005, NASA invested $11 million over four years with Rice University to develop quantum wire
with 10 times better conductivity than copper at one-sixth the weight. It would be made with carbon
nanotubes and would help reduce the weight of the next generation shuttle; but can also have wide
ranging applications.

Nanoglue "%

In May 2007 it was announced that researchers at Rensselaer
Polytechnic Institute in Troy, New York have developed a new
method to bond materials that don’t normally stick together. The
scientists’ adhesive, which is based on self-assembling
nanoscale chains, could impact everything from next-generation
computer chip manufacturing to energy production.

Less than a nanometre thick, the nanoglue is inexpensive to
make and can withstand temperatures far higher than what was
previously envisioned. In fact, the adhesive’s molecular bonds
strengthen when exposed to heat.

The glue material is already commercially available, but the research team’s method of treating the
glue to dramatically enhance its “stickiness” and heat resistance is completely new.

The risk in nanotechnology " ?"!

Betting on the science of small things
In the past few years the number of consumer products claiming to I

use nanotechnology has dramatically grown — to almost 600 by one Betting on the small 1]
count. Patents are rapidly being filed (see chart 1). For a product to Nanotechnclagy patents, United States, '000
count as nanotechnology, it is enough for some of the material to 2.0
have been tinkered with at a small scale. Often that can involve /
grinding down a substance into particles that may be only a few 18
nanometres big. / "
The trouble is that some — such as the particles from a diesel- / o5
engine exhaust — are known to cause serious health problems. /

Moreover, despite hundreds of years of experience in chemistry, it M L

is not easy to predict how a substance will behave when it is made 1:‘-"3?‘-?235:3“3”‘2“1203 uflforf;hfdfnm,

extremely small. That means you cannot be sure how it will affect
health.

Carbon nanotubes may be perfectly safe, but then again, they may have asbestos-like properties.
According to The Economist, nobody knows and even industry, regulators and governments know little
about the general safety of all manner of materials that are made into fantastically small sizes.

Lack of knowledge and inherent risks

This lack of knowledge is so great that research can paradoxically add to the problem. Vicki Colvin, a
professor of chemistry at Rice University in Texas and one of the world's leading experts in
nanotechnology-risk research, says: “If you fund five teams to understand nanotube toxicity, and they
get five different answers, your research investment hurts you, because it creates uncertainty. The bad
news is that we have way over five different opinions about carbon-nanotube toxicity right now.”

© Mora Associates Ltd, 2008 8
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The analysts at Lux Research reckon that the applications that are likely to cause most concern are
those intended to go into or onto the body: cosmetics, food additives, pharmaceutical-delivery
systems, novel therapeutics and textile coatings and

treatments. But Lux says there is also a lot of uncertainty over
what happens to these substances at the end of their lives.
Carbon nanotubes have been used for years in industry. But it
remains unknown, for instance, if they can enter groundwater Rest of world o
—5

4

Research splurge [ 2|

Government nanotechnology spending, $bn

when the products that contain them are dumped or broken up.

Businesses have good reason to make safe products. But the
temptation for a company, especially a small one, is to spend
its precious research budget on new products rather than basic
investigations into the safety of nanotechnology that would
benefit everyone, including its competitors. The risks may end
up being carried by insurers. However, Swiss Re, one of the
biggest reinsurance firms, reckons insurers are not yet fully 1997 98 99 200001 02 03 04 05 06

able to assess the risks. Saurce; Lux Research, “The Manotech Report, Sth edition”

End-of-life regulation?

Meanwhile, nanotechnology is becoming part of the global economy. It could help produce trillions of
dollars of products by 2014, ranging from face creams to computer chips and car panels, according to
Lux Research. The risks from these products will often be very low or non-existent. Yet what happens
to such products at the end of their life remains a question.

Scientists do not mean that nanoparticles are inherently unsafe, only that there is a yawning gap in
understanding their effects. Yet safety legislation cannot be expected to work until the products of the
technology are better understood. What does it mean to regulate nanotechnology materials when you
cannot even measure their release into the environment or agree on how to weigh a nanoparticle?

Clean air and water standards

Terry Davies, a fellow at Resources for the Future, an economics think-tank based in Washington, DC,
and a former assistant administrator for the Environmental Protection Agency (EPA), says that
American legislation, such as that for clean air and water, is based entirely on standards and the ability
to monitor them. “We don't have a clue what kind of standards there are for nanoparticles in air or
water”, he says.

Recent VC deals in nanotechnology

e HelioVolt, a producer of thin film solar products, announced in October 2007 that it closed $77
million in Series B financing. Paladin Capital Group and the Masdar Clean Tech Fund co-led
the round with support from returning investor New Enterprise Associates as well as Solucar
Energia, Morgan Stanley Principal Investments, Sunton United Energy and Yellowstone
Capital. The funds will be used to build HelioVolt's first factory and bring Copper Indium
Gallium Selenide (CIGS) thin film enabled solar products to market. e

Venture capitalists have poured more than $344 million into five CIGS® companies in the last
few years — Nanosolar, Miasole, Solopower, Solyndra, and Ascent Solar. !'®!

e NanoDynamics, developer of fuel cells, planned to use the money from its $100 million IPO to
launch production of water filters and fuel cells. But the company could not proceed due to the
stormy market conditions in 2007. The company has raised $15.3 million in private funding
from backers including the Convergent Private Equity Fund. g

3 Copper indium gallium selenide (CIGS) is a new semiconductor material comprising copper, indium, gallium,
and selenium.

© Mora Associates Ltd, 2008 9
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e American Aerogel, provider of carbon-based aerogel nanotechnology insulation solutions to
the bio-pharma market, raised $3.2 million in Series B fundin? in November 2007. Vimac
Ventures led the deal, and was joined by Mount Royal Ventures.

¢ Nanosolar, developer of thin film solar cells, announced in December 2007 that it started
production of its solar cells. The company has received financing from a number of technology
investors including Benchmark Capital, MDV, and Larry Page and Sergey Brin, the founders
of Google. Nanosolar received the largest amount in a round of VC technology funding with
$100 million of new funding secured in 2006-7. (7]

Bibliography

1. “The risk in nano-technology: a little riskdy business” published by The Economist on November
22™ 2007. Retrieved on November 23", 2007 from
http://www.economist.com/displaystory.cfm?story id=10171212

2. “Nanotech facts” published by National Nanotechnology Initiative (NNI). Retrieved on
November 23“’, 2007 from http://www.nano.gov/html/facts/home_facts.html

3. “FT.com/ Arts & weekend / Magazine - The Ten Things Everyone Should Know About
Science” by Financial Times published in November 23" 2007. Retrieved on December 5",
2007 from http://www.ft.com/cms/s/0/2299fd16-9701-11dc-b2da-
0000779fd2ac.htmi?nclick_check=1

4. “History of nanotechnology” published by Chris Phoenix, Director of Research, The Center for
Responsible Nanotechnology. Retrieved on December 7", 2007 from http://www.nanotech-
now.com/Press_Kit/nanotechnology-history.htm

5. “No-go for nano” published by Cleantech Network. Retrieved on December 7™, 2007 from
http://media.cleantech.com/1592/no-go-for-nano

6. “Nanodot: Nanotechnology News and Discussion & Blog Archive - Nanotech for clean water”
published by Nanodot. Retrieved on December 7th, 2007 from
http://www.foresight.org/nanodot/?p=2068

7. “NSF Current i December 2005” published by National Science Foundation. Retrieved on
December 7", 2007 from http://www.nsf.gov/news/newsletter/dec_05/index.jsp

8. “Forget the Gphone, here comes Gsolar” published by Cleantech Venture on November 20",
2007. Retrieved on December 7”’, 2007 from http://media.cleantech.com/2135/forget-the-
gphone-here-comes-gsolar

9. “VCs to Nanotech: Don't Call Us!” published by Cientifica in January 2006. Retrieved on
December19th, 2007 from http://www.cientifica.eu/files/Whitepapers/VC Dont Call Us.pdf

10.“Nanotechés I mpact on Ener gy &puldishédbywluxReseanchnt al Tec
on August 2007. Retrieved on December 19" 2007 from
http://www.luxresearchinc.com/press/RELEASE Nanotech impact on_cleantech.pdf

M.ANanotech and Cleantech: Reducing Carbon Emission
March 2007. Retrieved from
http://www.cientifica.eu/files/Whitepapers/NanotechCleantech0307.pdf

12. “Nanotechnology Today: Inexpensive 'nanoglue' can bond nearly anything together” published
by Nanotechnology Today. Retrieved on December 30", 2007 from
http://nanotechnologytoday.blogspot.com/2007/05/inexpensive-nanoglue-can-bond-
nearly.html

© Mora Associates Ltd, 2008 10


http://www.economist.com/displaystory.cfm?story_id=10171212
http://www.nano.gov/html/facts/home_facts.html
http://www.ft.com/cms/s/0/2299fd16-9701-11dc-b2da-0000779fd2ac.html?nclick_check=1
http://www.ft.com/cms/s/0/2299fd16-9701-11dc-b2da-0000779fd2ac.html?nclick_check=1
http://www.nanotech-now.com/Press_Kit/nanotechnology-history.htm
http://www.nanotech-now.com/Press_Kit/nanotechnology-history.htm
http://media.cleantech.com/1592/no-go-for-nano
http://www.foresight.org/nanodot/?p=2068
http://www.nsf.gov/news/newsletter/dec_05/index.jsp
http://media.cleantech.com/2135/forget-the-gphone-here-comes-gsolar
http://media.cleantech.com/2135/forget-the-gphone-here-comes-gsolar
http://www.cientifica.eu/files/Whitepapers/VC_Dont_Call_Us.pdf
http://www.luxresearchinc.com/press/RELEASE_Nanotech_impact_on_cleantech.pdf
http://www.cientifica.eu/files/Whitepapers/NanotechCleantech0307.pdf
http://nanotechnologytoday.blogspot.com/2007/05/inexpensive-nanoglue-can-bond-nearly.html
http://nanotechnologytoday.blogspot.com/2007/05/inexpensive-nanoglue-can-bond-nearly.html

13.

14.

15.

16.

17.

18.

19.

20.

21.

MORA

ASSOCIATES
CLEAN ENERGY | CLEAN TECHNOLOGY

“A123Systems - Wikipedia, the free encyclopaedia” by Wikipedia. Retrieved on January 3",
2008 from http://en.wikipedia.org/wiki/A123Systems

“Batteries - Nanotechnology” published by www.understandingnano.com. Retrieved on
January 3, 2008 from http://www.understandingnano.com/batteries.html

“The Clean Tech Revolution” published by HarperCollins. Ron Pernick and Clint Wilder (2007),
pp. 185, 193-4

“HelioVolt Completes $77 Million Series B Funding Round” published by HelioVolt. Retrieved
on January 3", 2008 from
http://www.heliovolt.net//index.php?option=com_content&task=view&id=118&Itemid=95

“Nanosolar - Wikipedia, the free encyclopaedia” by Wikipedia. Retrieved on January 3" 2008
from http://en.wikipedia.org/wiki/Nanosolar

“Copper indium gallium selenide 7 Wikipedia, the free encyclopaedia” by Wikipedia. Retrieved
on January 3™, 2008 from http://en.wikipedia.org/wiki/Copper_indium_gallium_selenide

“Erneuerbare Energien: Mit Energieeffizienz zur Energiewende” published by C.H. Beck
Wissen. Hennicke, Peter and Fischedick, Manfred (2007), pp. 31-38

fi Na n o b at Wikpediagtise free encyclopaedia” by Wikipedia. Retrieved on January 12"
2008 from http://en.wikipedia.org/wiki/Nanobatteries

fPriorities Needed for Nano-Risk Research and Development* published by Robert F. Service
in AAAS/Science magazine on October 6", 2006. Vol. 314, no. 5796, p. 45

© Mora Associates Ltd, 2008 11


http://en.wikipedia.org/wiki/A123Systems
http://www.understandingnano.com/
http://www.understandingnano.com/batteries.html
http://www.heliovolt.net/index.php?option=com_content&task=view&id=118&Itemid=95
http://en.wikipedia.org/wiki/Nanosolar
http://en.wikipedia.org/wiki/Copper_indium_gallium_selenide
http://en.wikipedia.org/wiki/Nanobatteries

	Introduction to the science of small things
	What is nanotechnology?
	History of nanotechnology
	Impact of nanotechnologies in clean tech sector

	Applications in the clean tech sector
	Nanotechnology and clean water
	Problems in the water industry
	The promise of nanotechnologies

	Fuel-borne catalysts
	Superconductors
	Nano-enabled batteries
	Thin film solar cells
	Superior insulation with Aerogel
	Nanocomposite materials
	Nanoparticles
	Nanomedicine
	Nanotubes and quantum wires [7]
	Nanoglue [12]


	The risk in nanotechnology [1] [21]
	Betting on the science of small things
	Lack of knowledge and inherent risks
	End-of-life regulation?
	Clean air and water standards

	Recent VC deals in nanotechnology
	Bibliography

