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•• Meeting global energy needs with clean Meeting global energy needs with clean 
solutionssolutions

•• Providing abundant clean water to allProviding abundant clean water to all

•• Increasing the health and longevity of human Increasing the health and longevity of human 
lifelife

•• Maximizing the productivity of agricultureMaximizing the productivity of agriculture

•• Making information technology ubiquitousMaking information technology ubiquitous

•• Enabling development of outer spaceEnabling development of outer space
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•• Near term: 1 to 5 yearsNear term: 1 to 5 years

•• Relatively well understood: mostly improved Relatively well understood: mostly improved 
materialsmaterials

•• Can use standard industry info sourcesCan use standard industry info sources

•• Benefits and challenges are Benefits and challenges are relativelyrelatively modestmodest

•• NanoparticlesNanoparticles have new properties, need to be have new properties, need to be 
treated as new entities for regulation treated as new entities for regulation —— by by 
existing agenciesexisting agencies

•• Process just beginning, but starting          Process just beginning, but starting          
earlier than previous innovationsearlier than previous innovations
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•• MidMid--term: 5 to X yearsterm: 5 to X years

•• Sensors, actuators, active materials, DNA Sensors, actuators, active materials, DNA 
reader, targeted drug deliveryreader, targeted drug delivery

•• See Institute for Soldier Nanotechnologies to See Institute for Soldier Nanotechnologies to 
get ideas for what is coming in this timeframe get ideas for what is coming in this timeframe 
(not easy to find reliable info)(not easy to find reliable info)

•• Order of innovation arrival very hard to projectOrder of innovation arrival very hard to project

•• Important economic/strategic changes, but not Important economic/strategic changes, but not 
deeply revolutionarydeeply revolutionary
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•• Long term: X years+   Long term: X years+   

•• Easier to project than midEasier to project than mid--termterm

•• Molecular Molecular nanosystemsnanosystems, not just materials or , not just materials or 
single devicessingle devices

•• Desktop manufacturingDesktop manufacturing

•• ““Zero wasteZero waste”” manufacturingmanufacturing

•• Goal: complete control of structure of matter, Goal: complete control of structure of matter, 
to atomic precisionto atomic precision
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•• In rough order of arrival:   In rough order of arrival:   

•• Toxicity, Environmental/Health/SafetyToxicity, Environmental/Health/Safety

•• Privacy, SurveillancePrivacy, Surveillance

•• Military TerrorismMilitary Terrorism

•• Human Human ““enhancementenhancement””

•• Are there consequences for today from these Are there consequences for today from these 
last three anticipated issues?last three anticipated issues?
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•• Inexpensive, highly sensitive sensors coming Inexpensive, highly sensitive sensors coming 
soonsoon

•• Can already detect single moleculesCan already detect single molecules

•• Order of use probably: military, nonOrder of use probably: military, non--military military 
government, commercial, individualgovernment, commercial, individual
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•• Who can have these devices?Who can have these devices?

•• What can be sensed and recorded? Where?What can be sensed and recorded? Where?

•• Who owns the information?Who owns the information?

•• How long is it kept?How long is it kept?

•• How can it be used?  How can it be used?  

•• In court?  Job screening?  Insurance?In court?  Job screening?  Insurance?
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•• Food sensing: could be used to reject Food sensing: could be used to reject 
insurance applicants, determine ratesinsurance applicants, determine rates

•• Drug sensing: could be used in public places, Drug sensing: could be used in public places, 
workplaces, on all who enter.  Detection of workplaces, on all who enter.  Detection of 
known drugs could increase speed of known drugs could increase speed of ““drug drug 
racerace”” for new (less wellfor new (less well--understood) drugsunderstood) drugs

•• DNA sensing: info now regarded as private.  DNA sensing: info now regarded as private.  
Can this last when we leave it everywhere?Can this last when we leave it everywhere?
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•• Harshness, toughness of chemical weapons, Harshness, toughness of chemical weapons, 
combined with controllability, combined with controllability, targetabilitytargetability

•• Could be combined with DNA reading for Could be combined with DNA reading for 
personalized personalized targetabilitytargetability for assassination or for assassination or 
ethnicityethnicity--based targetingbased targeting

•• Nonproliferation immensely harder than for Nonproliferation immensely harder than for 
nuclear weapons.  Spacenuclear weapons.  Space--based observations based observations 
of little useof little use
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•• Extremely thorough inspectionsExtremely thorough inspections

•• Model offense and defense, build defense, Model offense and defense, build defense, 
inspect for offenseinspect for offense

•• Consequences for today: we can practice the Consequences for today: we can practice the 
above now for chemical and biological above now for chemical and biological 
weapons.  Need to get very good at thisweapons.  Need to get very good at this
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•• This is done today: Prozac, Ritalin (mental), This is done today: Prozac, Ritalin (mental), 
cosmetic surgery (physical)cosmetic surgery (physical)

•• Can expect extraordinary increases in these Can expect extraordinary increases in these 
abilities as longabilities as long--term nanotech is integrated term nanotech is integrated 
into medicine.  May be driven by military.into medicine.  May be driven by military.

•• Improved senses, new senses, improved Improved senses, new senses, improved 
memory and recording, strength, beauty, memory and recording, strength, beauty, 
delayed aging, control of emotions and delayed aging, control of emotions and 
personality, increased concentrationpersonality, increased concentration
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•• Consequences if legal: increased inequalityConsequences if legal: increased inequality

•• Consequences if illegal:Consequences if illegal:

•• Unlikely to be illegal everywhereUnlikely to be illegal everywhere

•• Individuals travel overseas for proceduresIndividuals travel overseas for procedures

•• Illegal enhancements: status?Illegal enhancements: status?

•• Affects could be worse than increased Affects could be worse than increased 
inequalityinequality
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•• Foresight Guidelines Version 4.0:               Self Foresight Guidelines Version 4.0:               Self 
Assessment Scorecards for Safer Assessment Scorecards for Safer 
Development of NanotechnologyDevelopment of Nanotechnology

•• Scorecards for nanotech professionals, Scorecards for nanotech professionals, 
industry, and government policyindustry, and government policy

•• Need to work on separate guidelines for Need to work on separate guidelines for 
preventing offensive military/terrorist usepreventing offensive military/terrorist use

•• Ongoing process: your comments greatly Ongoing process: your comments greatly 
encouragedencouraged

•• www.foresight.org/guidelineswww.foresight.org/guidelines
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If youIf you’’re trying re trying 
to look far to look far 
ahead, and ahead, and 
what you see what you see 
seems like seems like 
science fiction, science fiction, 
it might be it might be 
wrong. But if it wrong. But if it 
doesndoesn’’tt seem seem 
like science like science 
fiction, itfiction, it’’s s 
definitelydefinitely
wrong.wrong.
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•• 13th Foresight Conference on Nanotechnology 13th Foresight Conference on Nanotechnology 
in SF, Oct. 22in SF, Oct. 22--27:27:

•• Clean energyClean energy

•• Clean waterClean water

•• Reducing the environmental Reducing the environmental ““footprintfootprint”” of of 
agricultureagriculture

•• ““ZeroZero--wastewaste”” manufacturingmanufacturing

•• Environmental, Health & Safety issuesEnvironmental, Health & Safety issues

•• Public outreachPublic outreach


