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			Book Abstract

			MAIN IDEA

			Nanotechnology is the manipulation of matter at the atomic level to create better materials, devices and systems. Within the next few years and into the foreseeable future, nanotechnology will be introducing impressive new materials that will impact directly on a large number of industries – manufacturing, health care, energy, agriculture, communication, transportation and electronics. By 2010, the market for nanotechnology products and services will reach $1 trillion and will create 800,000 - 2 million new jobs.
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			In other words, the arrival and commercialization of nanotechnology products will impact every business and dramatically alter the general business climate. It is the next big thing which will hit the marketplace, and therefore, everyone needs to understand what nanotechnology is all about.

			“The impact of nanotechnology on the health, wealth and lives of people will be at least the equivalent of the combined influences of microelectronics, medical imaging, computer-aided engineering and man-made polymers in the twentieth century.”

			– Richard Smalley, winner of the 1996 Nobel Prize in Chemistry

			“Because of nanotechnology, we will see more change in our civilization in the next thirty years than we did during all of the twentieth century.”

			– Mike Rocco, senior adviser for nanotechnology at the National Science Foundation

			About the Author

			JACK ULDRICH is president of The NanoVeritas Group, a consulting firm specializing in nanotechnology business opportunities. He was previously deputy director of the Office of Strategic and Long Range Planning for the state of Minnesota and a policy analyst for the Department of Defense.

			DEB NEWBERRY is a business consultant and nuclear physicist. She has written a number of technical papers on nanotechnology. Ms. Newberry has also served in leadership positions with the Institute of Electrical and Electronics Engineers and the Aerospace Industries Association.

			Important Note About This Ebook

			This is a summary and not a critique or a review of the book. It does not offer judgment or opinion on the content of the book. This summary may not be organized chapter-wise but is an overview of the main ideas, viewpoints and arguments from the book as a whole. This means that the organization of this summary is not a representation of the book.

			Summary of The Next Big Thing
Is Really Small  (Jack Uldrich
and Deb Newberry)

			1. What is nanotechnology?

			A nanometer is one-billionth of a meter. At this level, it becomes possible to manipulate individual atoms and molecules to create materials and devices which have specified characteristics. The essence of nanotechnology is that new materials can be developed which will perform to exact specifications rather than being stuck with how naturally occurring materials perform.

			Nanotechnology is the art and science of learning how to manipulate and rearrange materials at the atomic or molecular level. The term “nano” means one-billionth of something, or 10-9. A nanometer is 1/75,000th the width of a human hair. A DNA molecule is about 2.5 nanometers wide. The width of the period at the end of this sentence is approx. one million nanometers.

			Nanotechnology is cross-disciplinary. It draws on aspects from chemistry, physics, engineering, biology, materials science and information sciences. Because of this, many scientists who have never worked with people outside their area of specialization are now collaborating with people from other fields. This is generating a tremendous cross-fertilization of ideas which has never occurred before, and it is leading to a merging of markets and products. Developments now being made in one field can have quite startling flow-on effects in another seemingly unrelated area. Nanotechnology is bringing about the convergence of a number of industries.

			All of this enthusiasm for the potential of nanotechnology may seem far-fetched to business people who are jaded by a constant stream of superlatives and breakthroughs, but nanotechnology is no pie-in-the-sky theory. Since the 1980s, the tools for seeing and manipulating matter at the atomic level have been evolving and improving. The scanning probe microscope (invented in 1981 by IBM) makes it possible for individual atoms and molecules to be moved and manipulated. Nuclear magnetic resonance spectrometers determine the 3-dimensional structure of molecules, and a machine called a “NanoManipulator” allows atoms and molecules to be moved. A process called physical vapor synthesis is available to produce mass quantities of unique nanomaterials which will have unique physical characteristics not found in any naturally occurring material. All of these technologies are now available and are known quantities.

			The potential benefits of nanotechnology are highly impressive:

			
					New building construction materials can be created that have the characteristics the customer wants rather than simply taking the materials nature has provided. This will have flow-on effects in the $460 billion global plastics industry, the $57 billion U.S. steel industry and the $27 billion glass industry.

					The $18 billion cosmetics industry will be reshaped by the availability of longer-lasting lipsticks and mascaras with never-before-seen colors or even completely transparent materials that can be used in sun-screens and such like.

					Organic materials like glass can be combined with inorganic materials at the atomic level to produce items like large and inexpensive flat panel displays. At the same time, nanotechnology may lead to a hundredfold reduction in computer chip size which, in turn, could increase the power of computers by 10,000-fold. This will have huge implications for the $550 billion global electronics marketplace.

					If molecular level treatments for depression, obesity, Alzheimer’s and other diseases become available, the $1.7 trillion health-care industry will be turned on its head. And the impact will flow on to the $90 billion U.S. insurance industry as well if people live longer. Further, if medical researchers better learn how the human body acts, then remedies for osteoporosis and possibly even cancer or AIDS become feasible, impacting on the $180 billion pharmaceutical industry.

					Nanotechnology style manufacturing will use only the materials it requires, without the need for chemicals or solvents to synthesize materials. This will reduce pollution and the use of harmful chemicals. Nanotechnology based manufacturing will be the ultimate in “clean and green”.

					At a consumer level, it will become possible for customers to place orders for drinks made to their specific preferences rather than being limited to whatever the manufacturer can make and sell in large volume. This may be as simple as tailoring your cup of coffee to have more caffeine in the mornings and more flavor later in the day.

			

			In all, nanotechnology’s ability to create materials that don’t occur naturally in the physical environment promises to be revolutionary rather than evolutionary for commerce.

			“Nanotechnology has given us the tools to play with the ultimate toy box of nature - atoms and molecules. Everything is made from it. The possibilities to create new things appear limitless.”

			– Horst Stormer, Nobel laureate

			“Today’s science fiction is often tomorrow’s science fact.”

			– Stephen Hawking

			“While the science of nanotechnology cannot yet rearrange the carbon atoms in coal to make diamonds, it is advancing rapidly and will be inundating the business world during the next few years - and for the foreseeable future. You may be tempted to wait until the buzz dies down before deciding how to integrate, implement, or incorporate it into your business, but don’t make the mistake of thinking of nanotechnology as a futuristic, outlandish concept straight out of a Star Trek episode that you have years to prepare for. Even though it may sound far off at times, within the decade nanotech will have huge effects of many practical industries. And the reality is that it will probably be sooner than later.”

			– Jack Uldrich and Deb Newberry

			“Nanotechnology will require you to rethink radically what your core business is, who your competitors are, what skills your workforce will need, how you train your employees, and how to conduct long-term strategic planning and think about the future. This is not to say that nanotechnology is far-off, fuzzy, futuristic technology. It is not. It has already established a beachhead in the economy. The clothing industry is just now starting to feel the effects of nanotech. Eddie Bauer, for example, is currently using embedded nanoparticles to create stain-repellant khakis. This seemingly simple innovation will impact not only khaki-wearers, but dry cleaners, who will find their business declining; detergent makers, who will find less of their products moving off the shelves; and stain-removal makers, who will experience a sharp decrease in customers. This modest, fairly low-tech application of nanotechnology is just the small tip of a vast iceberg - an iceberg that threatens to sink even the ‘unsinkable’ companies.”

			– Jack Uldrich and Deb Newberry

			2. Why is it important to business?

			Due to the fact nanotechnology will make available startling new raw materials, it alters the technology fabric of business. It will change the very nature of the opportunities which are available to be commercially exploited. In short, nanotechnology will change what has become standard operating procedure for most if not all industries.

			To take full advantage of what nanotechnology has to offer, many businesses will need to develop stronger relationships with universities. That way, they can avoid missing the boat on any new materials which become available for commercialization and ensure their business does no head off in a wrong direction.

			More specifically, there are six major areas where nanotechnology will impact on businesses:

			
					Employee reward and incentive systemsAt present, most companies base their reward systems on the success of individual business units. The interdisciplinary nature of nanotechnology means these incentives do not reward new initiatives that cross many of the traditional boundaries. Further, it will probably take five- to ten-years before nanotechnology becomes better developed and understood. Reward systems which are innovation based will be needed during the development phase if skilled people are to be attracted and retained. Similarly, new rewards will be needed for those who:
	Explore new markets made possible by nanotechnology.

	Find new ways to increase current customer satisfaction.

	Establish new partnerships and teaming arrangements.

	Recognize a new customer or societal need.




					Talent recruitment and supportSince nanotechnology will blur so many of the traditional distinctions between disciplines, companies will need different types of employees. For example, a computer manufacturer may need to hire a biologist to help develop biological-related systems as opposed to silicon-based systems. It will be difficult for the existing managers of the business (who may have a strong background in a more traditional discipline) to see these new correlations and hire accordingly. Companies will also need to upgrade their internal training programs to equip their people to handle the new materials which become available.


					Assessment of corporate and competitor strengthsEven something as simple as assessing your competitor’s strengths will become more challenging in the nanotechnology era. Instead of simply assuming a competitor will continue down the same path as you, it will become necessary to try and determine what new technical directions they may be heading. Similarly, you will also be busy trying to determine how best to leverage your core strengths and competencies into the new markets which open up. That may involve:
	Bringing in outside experts and using their know-how.

	Looking outside your industry for new ideas.

	Noticing emerging consumer trends.

	Noting what your scientists and engineers are doing.

	Adding nanotechnology elements to your products.

	Analyzing what foreign competitors are doing.

	Tracking the technical papers detailing breakthroughs.




					Research and development investmentHistorically, most companies have spent the bulk of their budget on “development” and very little on “research”. That may need to change. Corporations will need to participate in the basic research in order to be able to shape what is being developed. Most practically, this will be achieved through various partnerships with local universities which have state-of-the-art nanotechnology labs. Beyond that level of participation, organizations will also have to allocate resources to staying abreast with what is happening in the nanotechnology world. New developments will be coming at a fast rate, and someone needs to take note of:
	The current maturity of the various nanotechnologies.

	The potential revenue impact of each technology.

	The level of investment your competitors make in each.




					Strategic planningUsually, companies try and invest in technologies or projects that will generate a return in the next two- to five-years. This won’t be feasible with nanotechnology, where companies will need to be more patient. Typically, it will be ten-years before nanotechnology based products are ready to generate sizable revenue streams. Not only will businesses have to lengthen their strategic planning focus, they will also need to develop new metrics of success. Nanotech products won’t be profitable in three-years like conventional products. One solution may be to spin-off the development projects into separate companies or start-ups. That way, the existing company can respond to Wall Street’s pressures while the new company accesses venture capital. Eventually, the new company can then take over the parent company once its revenues take off.


					Standard processes and methodologiesAs products incorporate more and more nanotechnology, modification will be needed to:
	Manufacturing processes.

	New or modified equipment will be needed which will enable the new materials to be handled appropriately.

	Staff training programs and documentation.

	Training programs that have been fine-tuned and optimized over many years of experience will no longer be relevant. New skills will need to be acquired, and specific new training programs prepared. In addition, new manuals and documentation will be required.

	Quality control.

	Since nanotechnology works with individual atoms and molecules, a much enhanced type of quality control process will be needed. Similarly, the cross-disciplinary nature of nanotechnology means new dimensions of quality control will need to be added. This will become very important when large-scale manufacturing commences.


“Certainly, non-nano companies will continue to flourish. However, few companies will be left totally untouched, and the effects are many. Corporations will become a melting pot not only of racial diversity but of technical diversity, bringing together all aspects of the sciences. Nanotechnology will radically change how you, the executive, plan and run your business. Because nanotechnology is still in its infancy, however, there aren’t any paradigms for how best to incorporate it into business. Many corporations are at a loss as to how to proceed.”
– Jack Uldrich and Deb Newberry


			

			3. Who’s currently investing in it?

			Every major government in the world and many large corporations are investing billions in nanotechnology. The U.S. Government alone has increased nanotechnology funding from $422 million in 2000 to $710 million in 2003. Major corporations are outspending the government by a ratio of 2-to-1. Venture capitalists are also increasing their investments rapidly.

			The Government

			The major governments which are currently investing in nanotechnology are:

			
					$710 million (in 2003 alone) - The United States of America

					$465 million/year - Japan

					$200 million/year - South Korea

					$200 million/year (estimated) - China

					$120 million/year - Canada

					$110 million/year - Taiwan

					$100 million/year - Israel

					$50 million/year - Australia

			

			As for many new technologies, much of this expenditure is on military applications at first - materials for uniforms that will monitor health and detoxify chemical agents and so forth. A number of state governments are also investing in nanotechnology to create future economic development opportunities.

			The U.S. federal government designated six centers of excellence in nanotechnology in 2001, each of which received $12 million in funding:

			
					Columbia University

					Cornell University

					Harvard University

					Northwestern University

					Rensselaer Polytechnic Institute

					Rice University

			

			In addition, the government is acting as the sole purchaser for many nanotechnology derived materials for use in NASA and other applications. By seeding the market in this way, prices will be reduced making the materials more accessible for everyone.

			“It is widely recognized throughout the research community, both in academia and industry, that the

			
			
			
			Big Business

			
			
			
			
					Nanophase Corporation.

					Altair Nanotechnologies

					Veeco Instruments

			

			Venture Capital

			
			
			
			
			
					Arryx - developing a new technology which manipulates thousands of tiny objects with lasers.

					Carbon Nanotechnologies - producing carbon nanotubes.

					Molecular Imprints - super high resolution lithography tools.

					Nanomuscle - nanotechnology-enabled shape memory alloys which change shape under different conditions.

					Nanosphere - a clinical diagnostic system and a nanoparticle array probe.

					Nanosys - manufacturing technologies for nanowires, nanosensors and hybrid plastic solar cells.

					Nantero - building a high-density nonvolatile random access memory which is faster than existing technology.

					Quantum Dot Corporation - nanocrystals which will provide pharmaceutical researchers the ability to test drugs better.

					Zyvex Corporation - developers of nanoscale equipment needed for future nanotech research.

					ZettaCore - developing ultradense low-power molecular memory chips for the microelectronics industry.

					Ntera - manufacturing “paper-quality” displays.

			

			
			
			
			
					IBM is scheduled to announce its Millipede technology in late-2003. This is a new data storage device for computers which uses nanotechnology to increase the storage capacity of computer memory forty-fold over comparable devices available in early-2002. This will make it feasible for knowledge-based workers (like doctors or lawyers) to access huge libraries of information on their laptop computers or personal digital assistants. (Since 1988, the price of storing information will have fallen from $11.54 per megabyte to less than 1-cent per gigabyte).

					In 2002, Applied Nanotech showed a fourteen-inch TV made from carbon nanotubes. The implication is that soon, just a few dollars of carbon nanotubes will be able to replace cathode-ray TVs. The new TVs will be brighter, thinner, lighter and use less energy and will be sold for a fraction of the price of conventional TVs.

					Nanophase Technologies Corporation has introduced a vinyl flooring coated with nanoparticles that has a lifetime guarantee against rips and scratches. It also has a high gloss finish resembling marble. (And this same technology can be applied to roofing shingles, tabletop counters and a host of other products).

					Cerax Nanowax is manufacturing a nano-particle coating for skis and snowboards which is water-repellant while at the same time increasing speed and control. This will be very useful in the Olympics, NASCAR, the Tourde France and the America’s Cup as well.

					Nanogate, a German company, uses nanoparticles in sinks and toilets to make them scratch-resistant and stain-proof.

					SuNyx, Pilkington and PPG Industries have developed a material which coats windows and which will not let dirt or water adhere to them. They will market this as a self-cleaning window.

					The U.S. Air Force is developing nanolubricants which can operate at substantially higher temperatures than conventional lubricants. The U.S. Navy is developing nanoparticle coatings which resist rust and reduce drag, thereby reducing fuel and maintenance requirements. If successful, it is projected the coating will increase fuel efficiency by 10-percent. The Navy currently spends $75,000 a day to power a conventional aircraft carrier, so the potential savings could be significant. In addition, around 98-percent of world trade (4.5 billion metric tons a year) is carried by sea. The flow-on effects of a 10-percent reduction in shipping costs would be impressive and far reaching. Corrosion is estimated to cost U.S. businesses $100 billion annually.

					DuPont used a new nanoparticle as a catalyst in one of its refining processes and saved $26 million in 2001 alone.

					Toto Ltd. (of Japan) is marketing titanium dioxide coated building tiles which will never require annual washing or repainting. Another Japanese company Nippon is coating mirrors on high-end automobiles with the same material making them antifogging. Researchers in Hong Kong are embedding titanium oxide in concrete as a way to fight air pollution by removing all the nitrous oxide which hangs around in major cities.

					L’Oreal and Lancome are using nanoparticles in skin creams and hair conditioners which control how deeply the creams penetrate to remove dirt and oil, moisturizing skin or hair to precise specifications.

					Technanogy is producing a nano-aluminum particle which, when used as a fuel additive for the space shuttle, generates a thirty-fold increase in the combustion rate. This will help lower the cost of launching material into space.

					Nano-Tex LLC (a unit of Burlington Industries) is supplying Lee Jeans and Eddie Bauer with clothing materials that resist stains. This same material might also be used for carpets, furniture and window coverings.

					Nanomuscle is collaborating with Hasbro to introduce a new toy which uses millions of “nanomuscles” to create motion when applied with an electrical current. The nanomuscles are micron-sized devices which incorporate a crystal that can change shape, replacing small motors. The significance of this technology extends well beyond the toy market because the average home already has about fifty small motors powering everything from refrigerators to home computers. The average car has more than one hundred small motors designed into it. Nanomuscles can potentially replace all these motors.

					Nancor (a subsidiary of Amcol) is now selling a nanomaterial which can be used as a packaging that is resistant to moisture, chemical vapors, gases and solvents. This material can also be molded into car parts, casings, tools and toys with impressive benefits. And, importantly, the raw material can be used by existing manufacturing equipment.

					InMat LLC is producing a nanocomposite which allows tennis balls to keep their proper bounce for twice as long.

					Nanodyne produces superstrong drill bits manufactured from nanostructured tungsten carbide. These drill bits are twice as hard as other drill bits and therefore last much longer.

					Nanopowder, an Israeli company, is selling NASA a nanoscale powder which, when embedded in a polymer composite gives plastics material (which is lighter) the same radiation-shielding properties of much heavier metals. Initially, this will make the space shuttle lighter, reducing launch costs. Later, Boeing and Airbus will use this same material to make next generation planes which are more fuel efficient. This will then filter down to high-end automobiles like Jaguar or Lexus, and ultimately into other cars at all price points. The market for nanomaterials alone is projected to reach $340 billion by 2011.

			

			
			
			
			
			
			
			
			
			
			
			2004 and 2005

			
			
					A large number of new drugs will come to the market which take advantage of a better understanding of how a variety of diseases work.

					Our ability to detect diseases early will be enhanced, meaning better treatments will become available, thereby raising the health levels of the general population.

					Nanosensors will be employed widely to detect the presence of toxins wherever people assemble in large groups, or at water reservoirs and such like.

					Nanodevices which can deliver nanodrugs will have a great impact on the treatment of diabetes, osteoporosis, AIDS, asthma and hopefully cancer. Patients will start taking worthwhile preventative measures rather than waiting for these health problems to emerge fully developed.

					Fuel cells will reach such a level of development (through the use of nanomaterial membranes) that they will start superseding the internal combustion engine for transportation. Fuel cells which can generate the electricity needs for houses and commercial buildings will also become widely available. Fuel cell technology will also provide more powerful batteries for mobile electronic devices.

					Next-generation nanofilters which clean up air pollution will become available.

					Nano-sized lenses and filters will become integrated into fiber optic cables greatly enhancing their efficiency, making large scale high bandwidth communications available worldwide.

			

			2006 - 2008

			
			
					Super chips will become available which are many times more powerful than silicon-based computer processors. These will be used in more powerful cell phones, enhanced memory storage devices and high-efficiency optical communication networks. It will become economically feasible to add wireless communication devices to any device or appliance allowing each to become smarter.

					Plastic semiconductors will come to the market. These will make possible electronic paper (which can be updated wirelessly to replace the daily newspaper or magazines), electronic billboards (which can be changed instantly), smart appliances (which can order refills as required) and more.

					Carbon nanotubes and nanowires will start to be used in the construction of computers greatly increasing processing power. This will allow applications which are currently beyond the ability of computers - long-range weather forecasting, ecosystem modeling, searching of large databases, voice recognition - to be undertaken. This will remove many inefficiencies which currently exist. For example, farmers will defer their irrigation programs if they know definitively rain is imminent.

					Entirely new “boutique” materials will be brought to market. For example, specialist clothing material can be developed which is lightweight yet impenetrable for those working in high-risk situations or even executives who fear terrorist attack. Or new blimps may be developed from these materials which will be able to move cargo from one location to another far more efficiently than is possible at present. As it becomes easier to launch a lighter vehicle into space, the cost of satellites will fall, increasing their use to transmit data. These nanomaterials will also be used in construction to build bridges that can withstand earthquakes and high winds or houses that change color to reflect heat in the summer and retain heat in the winter.

					Nanoparticles may be used to clean up the environment and reduce toxins in water supplies and elsewhere. They may even be able to be used to coat radioactive waste materials eliminating their environmental impact.

					Nano-sized drug dispensers could be able to be implanted into the elderly or the sick, dispensing the right dosage of drugs at the optimum times, thereby enhancing the healing process. Similar devices may deliver vitamins and other diet supplements, increasing the body’s preventative health capacities or offsetting dietary restrictions.

			

			2009 - 2013

			
			
			
			
			
			
			
			
			2013 and beyond

			
			
			
			
					New materials will be developed which uses nanosensors and energy sources to become self-repairing. As well as being used in exotic applications like a spacecraft, those materials could also be used for cars, bridges, buildings, windows and clothing with far reaching implications.

					It will likely become entirely feasible to embed nanosized solar cells into paint. Buildings will then be able to draw all the energy they need from the sun’s radiation. Miniaturization will also make it feasible for fault-tolerant computers to replace human input in the piloting of airplanes, the driving of cars or the operation of a deep space exploration craft.

					Most people ultimately die from some type of organ failure. Nanotechnology makes it entirely feasible for human body parts to regrow themselves. This will have a profound impact on the average life expectancy, with a rapid increase in the number of people who live to 100 years and beyond. Nanomedicine may also make it possible for the aging process to be suspended and even reversed. Other likely medical advances will include enhanced chromosome-replacement therapies, neuron encapsulation for Alzheimer’s patients or spinal cord injuries and artificial red blood cells.

					It is likely that between 2015 and 2020, the power of nanoelectronics based computers will approach the capacity of the human brain. That will make possible sophisticated virtual learning, enhanced product demonstration capacities at the point-of-sale or over the Internet and much more. Activities that are currently knowledge based (like analyzing and selecting stocks, for example) will move to machines. In fact, knowledge workers in general will need to change how they add value for their clients.

					It is likely that the vast portions of the world’s population currently living in third world conditions will have adequate access to all the energy, education and health care they require within the next 15- to 20-years. How that will transform the politics of the world remains to be seen, but there will unquestionably be a narrowing of the gap between the haves and the have-nots.

					The “holy grail” of nanotechnology is to build a self-assembler - a device which takes raw atomic matter and makes it into anything you desire like a Ferrari or a filet mignon. While there is some serious science behind this ideal (see www.foresight.org for more information), there are also some technical challenges which makes such a device unlikely. For example, a great deal of energy is needed to put together or break apart atoms. These and other problems make the likelihood of a working self-assembler unlikely, but some organizations are currently investing large amounts of money in developing a self-assembler.

			

			
			
			
			
			
			
			
					The focus of the health-care and pharmaceutical industries will change from disease treatment to disease prevention.

					Energy suppliers will look to businesses and households not as potential customers but as potential competitors.

					Manufacturers will shift from attempting to provide a broad range of products to finding out what the customer’s precise needs are and then building products to those exact specifications.

					The electronics industry will move away from multi-billion-dollar chip-fabrication plants to places where they can “grow” the circuits of tomorrow.

					Academic disciplines will blur. It will no longer be worthwhile studying biology, physics, chemistry or computational science in isolation. The education industry will struggle to adapt.

					Almost every industry imaginable will be profoundly changed by the availability of cheap, powerful computers, cheap and ubiquitous sensors and the ability to communicate rapidly and cheaply.
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