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Mazurek [ref. Chapter 3:134] lists 31 public voluntary programs that were implemented during the 1990s in the US.

Chidiak, Martina and Matthieu Glachant, M. 2000. The French Country Study: Case Studies in the Sectors of Packaging Glass
and Aluminum. Voluntary Agreements—Implementation and Efficiency. www.akf.dk/VAIE

The Australian Greenhouse Challenge—Ilaunched in 1995-is a joint voluntary initiative between the national government and
industry to abate greenhouse gas emissions. Participating organizations sign agreements with the government that provide a
framework for undertaking and reporting on actions to abate emissions. More details can be found at: http://www.greenhouse.
gov.au/challenge/

UNEDP has a good description of negotiated agreements. [UNEP. 2000. Voluntary Initiatives: Current Status, Lessons Learnt and
Next Steps. |

The objectives of the Australian Packaging Covenant are: (i) to establish a framework based on the principle of shared
responsibility for the effective lifecycle management of packaging and paper products including their recovery and utilization;
(ii) establish a collaborative approach to ensure that the management of packaging and paper throughout its lifecycle and
the implementation of collection systems including curbside recycling schemes, produces real and sustainable environmental
benefits in a cost effective manner; and (iii) establish a forum for regular consultation and discussion of issues and problems
affecting the recovery, utilization and disposal of used packaging and paper, including costs. More information can be found at:
http://www.deh.gov.au/industry/waste/covenant/anzecc/

Gunningham and Sinclair [ref. Chapter 3:104] describe the Dutch environmental covenant system as an “unusual hybrid”
that defies formal classification. This is because the covenants address collective and sector-wide environmental issues and
are legally binding on individual enterprises through the permit system. This makes them intimately linked to mainstream
command and control. We deal with the Dutch covenant approach earlier in the chapter because it grows out of a National
Environmental Policy.

Environment Canada. 2001. Policy Framework for Environmental Performance Agreements. Ottawa. See also UNEP, 2000
[ref. Chapter 3:152].

See Gunningham and Sinclair [ref. Chapter 3:104]

Tsutsumi, Rie. 2002. Successful Application of Environmental Agreements in Local Communities: Perspectives from
Environment and Pollution Control Agreements in Japan. In Voluntary Environmental Agreements: Process, Practice, and
Future Use. Edited by Patrick ten Brink. Sheffield: Greenleaf Publishing.

See OECD 2003 [ref. Chapter 3:133]

See Hanks [ref. Chapter 3:106]

See Hanks [ref. Chapter 3:106]

These arguments are well put in Alberini and Segerson [ref. Chapter 3:138] and Gunningham and Sinclair [ref. Chapter
3:104].

See: (i) OECD 2003 [ref. Chapter 3:133]; (ii) Alberini and Segerson [ref. Chapter 3:138]; (iii) Nash [ref. Chapter 3:141];
(iv) Harrison, Kathryn. 2002. Challenges in Evaluating Voluntary Environmental Programs. In New Tools for Environmental
Protection: Education, Information, and Voluntary Measures. Committee on the Human Dimensions of Global Change. Edited
by Thomas Dietz and Paul Stern. Washington, D.C.: National Academy Press; and (v) Mazurek [ref. Chapter 3:134].

See Harrison [ref. Chapter 3:162]

The “few cases” quoted are the Dutch environmental covenants and the Japanese EPCAs. See 1999 and 2003 OECD reports
[ref. Chapter 3:133].

There is agreement on these points from (i) Gunningham and Sinclair [ref Chapter 3:104]; (ii) OECD 1999 [ref. Chapter
3:133]; (iii) OECD 2003 [ref. Chapter 3:133]; (iv) Hanks [ref. Chapter 3:106]; and (v) Alberini and Segerson [ref. Chapter
3:138]. Free-riding is a situation where firms do not choose to join a voluntary agreement but reap the benefits of a sectoral
agreement where active participants do improve their performance. Regulatory capture theorists suggest that there are intense
pressures for regulatory agencies to acquiesce in the negotiation of targets, the result being conditions that are unduly favorable
to industry and contrary to the public interest.

See OECD 1999 [ref. Chapter 3:133]

See National Research Council 2002 [ref. Chapter 1:23]

Krut, Riva, and Harris Gleckman, H. 1998. ISO 14001: A Missed Opportunity for Sustainable Global Industrial Development.
London: Earthscan Publications Ltd. This concept has been recognized by agencies such as the USEPA, which is soon to
begin a project with the Chinese Government (through SEPA) to promote voluntary environmental initiatives through trade
associations.

For an extensive investigation into whether developing countries set inefficient environmental standards to attract foreign
investment, see: (i) Neumayer, Eric. 2001. Greening Trade and Investment: Environmental Protection Without Protectionism.
London, UK: Earthscan Publications Ltd. and (ii) Jenkins, Rhys Owen, Jonathan Barton, Anthony Bartzokas, Jan Hesselberg,
and Hege Merete Knutsen. 2002. Environmental Regulation in the New Global Economy: The Impact on Industry and
Competitiveness. Cheltenham, UK: Edward Elgar.

See Hanks [ref. Chapter 3:106]

Davy, Aidan. 1997. Environmental Management Systems: ISO 14001 Issues for Developing Countries. In ISO 14001 and
Beyond: Environmental Management Systems for the Real World. Edited by Christopher Sheldon. Sheffield, UK: Greenleaf
Publishing. Davy points out that the numbers of developing country participants are not necessarily an accurate reflection of
actual influence. In his view, this is due to the origins of ISO 14001 being rooted in EMS developments in Western Europe, and
the poorer resourcing of developing country delegates.

Significant detail can be found at: http://www.is014000.com

UNDP. 1996. ISO 14000 Environmental Management Standard and Implications for Exporters to Developed Markets. New
York: UNDP Private Sector Development Program.

See Krut and Gleckman [ref. Chapter 3:168]

163

Asian

Environment Qutlook 2005

Asian Environment Outlook 2005



Chapter 4

175
176

177

178

179
180
181
182
183
184
185
186
187
188
189
190

191
192

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

210
211

212

213

164

Sullivan, Rory, and Hugh Wyndham. 2000. Effective Environmental Management: Principles and Case Studies. Sydney: Allen
and Unwin

Uzumeri, Mustafa. 1997. ISO 9000 and Other Metastandards: Principles for Management Practice? Academy of Management
Executive 11 (1): 21-36.

Krut and Gleckman [ref. Chapter 3:168] provide a detailed explanation of the differences between European Eco-Management
and Audit Scheme and ISO 14001. They state that: “In process and content, the differences between the two standards lie
precisely in the areas crucial to sustainable development: public access to information, legal environmental proceedings,
assurances of regulatory compliance, and environmental performance assurances and improvements.”

North American Commission for Environmental Cooperation. 2000. Improving Environmental Performance and Compliance:
10 Elements of Effective Environmental Management Systems. http://www.cec.org This Guidance Document concludes that
“an EMS that follows through on a commitment to continuous improvement allows the organization using it to achieve better
performance levels than those required by government regulation.”

Adapted from: Hortensius, Dick, and Mark Barthel. 1997. Beyond 14001: An Introduction to the ISO 14001 Series. In /SO
14001 and Beyond: Environmental Management Systems for the Real World. Edited by Christopher Sheldon. Sheffield, UK:
Greenleaf Publishing.

This critique has been most forcefully put by Krut and Gleckman [ref. Chapter 3:168].

Christmann, Petra, and Glen Taylor. 2001. Globalization and the Environment: Determinants of Firm Self-Regulation in China.
Journal of International Business Studies 32 (3): 439.

Potoski, Matthew, and Aseem Prakash. 2004. Regulatory Convergence in Nongovernmental Regimes? Cross-National Adoption
of ISO 14001 Certifications. Journal of Politics 66 (3): 885-905.

Montabon, Frank, Steve Melnyk, Robert Sroufe, and Roger Calantone. 2000. ISO 14001: Assessing Its Perceived Impact on
Corporate Performance. Journal of Supply Chain Management 36 (2): 4-16.

Annandale, David, Angus Morrison-Saunders, and George Bouma. 2004. The Impact of Voluntary Environmental Protection
Instruments on Company Environmental Performance. Business Strategy and the Environment 13: 1-12.

See Dasgupta et al [ref. Chapter 2:91]

See Annandale et al [ref. Chapter 4:184]

Heemskerk, Bert, Pasquale Pistoria, and Martin Sciicluna. 2002. Sustainable Development Reporting—Striking the Balance.
Geneva: WBCSD.

Ibid.

Korean Environment Institute. 2002. Air Pollution in the Megacities of Asia: Stage 1.

Good examples of the latter are provided in Jones, Kathryn and Tony Alabaster. 1999. Critical Analysis of Corporate
Environmental Reporting Scoring Systems. Journal of Environmental Assessment Policy and Management 1(1): 27-60.
European Environmental Benchmarking Network. 2000. Background, Fundazione Eni Enrico Mattei. http://www.eebn.org/
European Environment Agency. 2001. Environmental Benchmarking for Local Authorities: From Concept to Practice.
Copenhagen.

http://www.greenglobe21.com

http://www.usaid.gov/in/UsaidInIndia/Act

Luken, Ralph, and Rodney Stares. 2005. Small business responsibility in developing countries: A threat or an opportunity?
Business Strategy and the Environment 14: 38-53.

Lewis, Helen, and Marjolein Demmers. 1996. Life Cycle Assessment and Environmental Management. Australian Journal of
Environmental Management 3:110-123.

Evans, David, and Stuart Ross. 1998. The Role of Life Cycle Assessment in Australia. Australian Journal of Environmental
Management 5: 137-145.

Rebitzer, Gerald, Tomas Ekvall, R. Frischeknecht, David Hunkeler, Greg Norris, Tomas Rydberg, Wulf Peter Schmidt, Sangwon
Suh, B.P. Weidma, and David Pennington. 2004. Life Cycle Assessment Part 1: Framework, Goal and Scope Definition,
Inventory Analysis, and Applications. Environment International 30:701-720.

See Lewis and Demmers [ref. Chapter 4:196]

Society for Environmental Toxicology and Chemistry (SETAC). 1993. A Conceptual Framework for Life Cycle Impact
Assessment. Washington, DC: SETAC.

http://www.iso.org/iso/en/prods-services/otherpubs/iso14000/application.pdf

http://www.apme.org

http://www.aluminium.org

http://www.fefco.org

http://www.nidi.org

http://www.worldsteel.org/env_lca.php

See Rebitzer et. al. [ref. Chapter 4:198]

Pennington, David W., José Potting, Goran Finnveden, Erwin Lindeijer, Olivier Jolliet, Tomas Rydberg, and Gerald Rebitzer.
2004. Life Cycle Assessment Part 2: Current Impact Assessment Practice. Environment International 30: 721-739.

See: (i) Rebitzer et al [ref. Chapter 4:198]; (ii) Lewis and Demmers [ref. Chapter 4:196]; Evans and Ross [ref. Chapter
4:197]

See Rebitzer et al [ref. Chapter 4:198]

Hunkeler, David, Konrad Saur, Gerald Rebitzer, Matthias Finkbeiner, Wulf Peter Schmidt, and Allan Astrup Jensen. 2004. Life
Cycle Management Report of the SETAC Working Group on LCM. Pensacola, USA: SETAC.

One of the best examples of a simplified LCA process can be found in: Graedel, Thomas, Braden Allenby, and Paul Comrie.
1995. Matrix Approaches to Abridged Life Cycle Assessment. Environmental Science and Technology 29 (3): 134-139.

More information can be found on the website of the Japan Environmental Management Association for Industry (http://www.
jemai.or.jp/english/Ica/project.cfm).
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Zakaria, Zulina, Mohd Hassan, and Muhamad Awang. 1999. Current Status and Needs for Life Cycle Assessment Development
in Asian-Pacific Regions. International Journal of LCA 4 (4): 191-194.

Kakkar, Meenakshi, and S. Maudgal. Undated. Life Cycle Assessment — An Effective Tool for Cleaner Production in the Steel
Sector. www.aprcp.org/articles/papers/kakkar.htm.

http://www.howproductsimpact.net/box/home/content.htm

See Zakaria et al [ref. Chapter 4:214]

Sometimes shortened to “environmental accounting,” though because this could create confusion with environmental income
accounting to calculate “green gross domestic product” and other macroeconomic indicators of national environmental
performance, this report will use EMA throughout.

Yakhou, Mehenna, and Vernon Dorweiler. 2004. Environmental Accounting: An Essential Component of Business Strategy.
Business Strategy and the Environment 13:65-77.

http://www.emawebsite.org

http://www.un.org/esa/sustdev/sdissues/technology/estemal.htm

Mathews, M.R. 1997. Twenty-Five Years of Social and Environmental Accounting Research. Accounting, Auditing, and
Accountability Journal 10 (4) :481-531.

http://www.emawebsite.org

Internationale Weiterbildung und Entwicklung gGmbH. (undated). EMA-SEA : Environmental Management Accounting for
South-East Asia.

Burritt, Roger 2004. Environmental Management Accounting: Roadblocks on the Way to the Green and Pleasant Land. Business
Strategy and the Environment 13 :13-32.

http://www.un.org/esa/sustdev/sdissues/technology/estemal.htm

http://www.eman-ap.net

http://www.environmental-accounting.org
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DeSimone, Livio, and Frank Popoff. 2000. Eco-Efficiency: The Business Link to Sustainable Development. Geneva: WBCSD.
WBCSD case studies are available at http://www.wbcsd.org.

Verfaillie, Hendrik, and Robin Bidwell. 2000. Measuring Eco-Efficiency: A Guide to Reporting Company Performance. Geneva:
WBCSD.

http://www.recyclingtoday.com/news/news.asp?1D=6948

http://www.magiceyes.or.th/Engver/faq.html

Gupta, Sanjay. 2004. Rethinking Waste Management in India. http://www.toxicslink.org/art-view.php?id=9

Institute for Local Self-Reliance. 2000. Wasting and Recycling in Metropolitan Manila, Philippines. (http:/www.
greenpeacesoutheastasia.org). The Solid Waste Management Act 2000 mandates “zero waste management” as a national policy
and requires local government units to recycle 25% of waste collected.

Xinhua. 2004. China Revises Law—Doesn’t Want to be “World’s Largest Dumping Ground.” 4 November.
http://www.wm.com/

At the time of writing, ferrous scrap was priced at about $100 per ton, while mixed waste paper was at about $90 per ton.
World Energy Council. 1995. Global Energy Perspectives to 2050 and Beyond. London.

Personal communication with Jurg Gerber of Alcan at AEO 2005 Workshop, October 2004.

See WBSCD case studies [ref. Chapter 5:230]

Quote from Christian Kornevall from ABB appearing in Walking the Talk, the Business Case for Sustainable Development.
http://www.greencouncil.org/web/green_label scheme.php

http://www.aela.org.au/homefront.htm

Law, Ir Nelson. 2003. Green Label: HK Green Label - A Product Certification Scheme Using Green Criteria. http://www.nlaw.
com.hk/articles_detail.asp?Article id=35

US Environmental Protection Agency. 1997. Japan s EcoMark. Washington, DC.
http://www.kela.or.kr/english/cover/cover.asp

http://www.enviro-choice.org.nz/

Qing, Xia and Yu Jie. 2003. China’s Environmental Labeling Program. Paper presented at the WTO symposium on Challenges
Ahead on the Road to Cancun. Geneva. 16-18, June.

UNEP. 2004. Regional Sustainable Consumption and Production Report: Asia and the Pacific. Paris, France.
http://www.greenmark.epa.gov.tw/english/index.asp

Bunyagidji, Chaiyod. 2004 Presentation on Green Procurement in Thailand: Challenges and Opportunities for Asian Productivity
Organization Workshop on Green Procurement. Kuala Lumpur, Malaysia. 3 September.
http://www.greencouncil.org/web/publications_articles.php?id=1&art_id=227

Sikod, Fondo. 1996. Certification Process in Sustainable Forest Management: Economic Concepts and Indicators. Paper
presented at the Conference on Economic, Social, and Political Issues in Certification of Forest Management, Malaysia, 12-16
May.

These include tenuous ecological and socioeconomic conditions, uncertain or disputed land tenure, social and political conflicts
concerning forest use, lack of financial and human resources, and institutional weaknesses.

New Scientist. 2003. Marine Stewardship Council Under Fire. 17, May, Vol 178, Issue 2395. http://www.eurocbc.org/ns_
voll78 iss2395 p3 plof3  17may2003pagel025.html

Marine Stewardship Council. 2004. Trustees’ Report and Accounts. London, UK.

WWEF. 2005. Fostering Payments for Environmental Services (PES) in the Danube Basin. Switzerland.

ECOTEC. 2002. Analysis of the EU Eco-industries, their Employment and Export Potential. UK: ECOTEC Research &
Consulting Limited.
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The main difference between the two lists is that minerals and chemicals for water/waste treatment are exclusive to the OECD
list, while the APEC list includes a relatively more extensive set of goods needed for environmental monitoring and assessment.
The OECD list also contains a large number of environmentally preferable products.

Environment Business International is a US-based private research and publishing firm focused on the environmental industry.
2003. Summary Report from Seminar on Trade Liberalization in Environmental Goods and Services. Organized by the Ministry
of Commerce and Industry, UNCTAD, and TERI. New Delhi, India, 16 May.

See ECOTEC [ref. Chapter 5:259]

Berg, David, and Grant Ferrier. 1998. The US Environmental Industry. Washington DC: US Department of Commerce — Office
of Technology Policy.

Bora, Bijit, and Robert Teh. 2004. Tariffs and Trade in Environmental Goods. WTO Workshop on Environmental Goods.
Geneva. 11 October 2004.

UNCTAD. 2003. Report of the Expert Meeting on Definitions and Dimensions of Environmental Goods and Services in Trade
and Development. TD/B/COM. 1/59. Geneva: UNCTAD.

Kim, Joy. 2004. UNU-IAS Working Paper No. 132 on Opportunities and Challenges in Liberalizing the Environmental Goods
and Services Market: The Case of Developing Countries in Asia.

These are the South-to-North Water Diversion Project, the Three Gorges Project, the comprehensive pollution control and
ecological rehabilitation project in the Three-Rivers and Three-Lakes regions, and the National Western Development Project.
U.S. Department of Commerce, International Trade Administration. 2005. Water Supply and Wastewater Treatment Market in
China. Washington, DC.

Mcllvaine Company. 2004. World Pump Market to Reach $31 Billion by 2007. February.

. 2004. Biotechnology and Municipal Wastewater Spending is Boosting Sales of Sedimentation and Centrifugation
Equipment. http://www.mcilvainecompany.com/ webtofc.html

. 2003. Market for Macrofiltration Equipment and Media to Reach $4 Billion in 2005. http://www.mcilvainecompany.
com/ webtofc.html

. 2003. Desalination Will Be the Growth Engine Leading to an 38 Billion Membrane System Market in 2007. http://www.
mcilvainecompany.com/ webtofc.html

MCOT News. 2004, December 4. Six Mekong Countries Co-operate on Alternative Energy. http://etna.mcot.net/query.
php?nid=33489

Clayton, Mark. 2004. New Greenhouse Gas Emissions from China, India, and the US Will Swamp Cuts from the Kyoto Treaty.
Christian Science Monitor. 23 December. (http://www.csmonitor.com/2004/1223/p01s04-sten.html) Clayton claims that these
three countries alone are planning to build 850 new coal-fired plants by 2012, which would emit five times as much carbon
dioxide into the atmosphere as the Kyoto Protocol aims to reduce.

Bogach, V. Susan, Enno Heijndermans, and Anil Cabraal. 2000. The Asia Alternative Energy Program. Background paper
prepared for the Energy Sector Strategy. Washington, DC: World Bank.

Mindbranch. 2004. Introduction to Renewable Bulk Power Systems: Technologies, Markets, Regulations, Legislation,
Incentives, Carbon Funds and Forecasts. http://www.mindbranch.com/products/R2-789.html

Ibid.

Ho, Abigail L. 2005, June 18. Energy Dept to Offer 18 Sites for Wind Power Development. http://money.inq7.net/breakingnews/
view_breakingnews.php?yyyy=2005&mon=06&dd=18&file=3

See Mindbranch [ref. Chapter 5:277]

Bhattacharya, S.C. 2002. Biomass Energy in Asia: A Review of Status, Technologies and Policies in Asia. Energy for Sustainable
Development VI (No. 3): 5-10.

Ibid.

Ibid.

http://www.mcilvainecompany.com/ sampleupdates/ScrubberAdsorberUpdateSample.htm

See Mindbranch [ref. Chapter 5:277]

Meier, Peter. 2003, 10 February. Economic Analysis of Solar Home Systems: A Case Study for the Philippines. Washington,
DC: World Bank.

Samath, Feizal. 2001, August 21. Sun Shines on Sri Lanka’s Solar Industry. Asia Times Online. http://www.atimes.com/ind-
pak/CH17Df02.html

Dr. Noda, Tetsuro. Director, Institute for Geo-Resources. 2002, December 24. Opening Announcement of Fifth Asian Geothermal
Symposium. Kuala Lumpur, Malaysia. http:/staft.aist.go.jp/hiro-muraoka/AsianSympoE.html

Refocus - The International Renewable Energy Magazine. 2001. The Ring of  Fire:
The Use of Geothermal Energy in Indonesia. Nov/Dec. http://balisos.com/Energy/ReFocus-Report-GeoThermal-Energy-
Indonesia.html

Global Energy Network Institute. Geothermal Potential of the Western Pacific Rim. San Diego, CA. http://www.geni.org/
globalenergy/library/energytrends/currentusage/renewable/geothermal/ asia/abstract.shtml

Kaosa-ard, Mingsarn S. and Benjavan Rekasem. 2000. The Growth and Sustainability of Agriculture in Asia. Hong Kong,
China: Asian Development Bank and Oxford University Press.

The average US farm uses 3 kcal of fossil energy in producing 1 kcal of food energy. In feedlot beef production this ratio is 35:1,
and this does not include transportation energy for the food produced. [Horrigan, Leo, Robert S. Lawrence, and Polly Walker.
2002. How Sustainable Agriculture can Address the Environmental and Human Harms of Industrial Agriculture. Environmental
Health Perspectives 110:445-56.]

Lowrance Richard, Paul F. Hendrix, and Eugene P. Odum. 1986. A Hierarchical Approach to Sustainable Agriculture. American
Journal of Alternative Agriculture Vol. 1, No. 4, pp. 169-173

Pretty, Jules. 2002. Agri-Culture: Reconnecting People, Land and Nature. London: Earthscan.

Pretty, Jules. 2003. Agri-Culture: Some Principles and Lessons for Sustainability. Cardiff Centre for Ethics, Law and Society.
http://www.ccels.cardiff.ac.uk/pubs/prettypaper.pdf

Reijntjes, Coen, Bertus Haverkort, and Ann Waters-Bayer. 1992. Farming for the Future: An Introduction to Low-External

Input and Sustainable Agriculture. London: Macmillan.

297 See Horrigan, et. al. [ref. Chapter 5:300]

298 Walz, Erica. 2004. Fourth National Organic Farmers’Survey: Sustaining Organic Farms in a Changing Marketplace. Organic
Farming Research Foundation, Santa Cruz, California.

299 Setboonsarng, Sununtar, and Jonathan Gilman. 1999. Alternative Agriculture in Thailand and Japan.

300 Bezdek, Roger, and Robert Wendling. 2005. Job Creation and Environmental Protection. Nature 434: page 678.

301 Mcllvaine Company. 2001. U.S. Industry Market Leadership in Asia’s Air Pollution Control Sector. Prepared for the US-Asia
Environmental Partnership. Washington, DC.

302 Ibid.

303 Ellyard, Peter. 1998. Creating and Preparing for the Jobs of the 21st Century. Paper presented to the conference: Working 2001,
WA Department of Training, Perth, Australia.

304 (i) Macdonald, Jacqueline A. 1997. Hard Times for Innovative Cleanup Technology. Environmental Science and Technology,
31 (12): 560A; (ii) O’Hara, Patrick, Daniel E. Kennedy, and David B. Frazier. 1997. Adapting to Hazardous Waste Markets.
Engineering News Record. October 20, 239 (16): E3.

305 http://www.wm.com/wm/about/Overview.asp

306 Renner, Michael. 1991. Jobs in a Sustainable Economy. Worldwatch Paper 104. Washington DC, Worldwatch Institute

307 International Energy Agency. 1991. Energy Conservation in International Energy Agency Countries. Paris. OECD
Publications.

Chapter 6

308 Halal, William E. 1998. The Infinite Resource: Creating & Leading the Knowledge Enterprise. San Francisco: Jossey-Bass.

309 Patent filing by Japan, the Republic of Korea, and PRC is growing at more than 15% per annum. http://www.wipo.int.

310 The TechCast Project is conducted by Prof. William E. Halal and his associates at George Washington University and George
Mason University. For information on the Project, see http://www.TechCast.org.

311 Kincaid, Lori, Gary Davis, and Jed Meline. 1996. Cleaner Technologies Substitutes Assessment: A Methodology and Resource
Guide. http://www.epa.gov/opptintr/dfe/pubs/tools/ctsa/index.htm

312 http://www.etsu.com/fantasie/public.html

313 Pine, Joseph, and Stan Davis. 1998. Change—Or Else. Inc. Magazine. 23 May.

314 Aviation Week & Space Technology. 2000. The Nanotech Revolution. 12 Jun.

315 Engineer. 2000. Ready for the Next Big Thing? 10 Mar.

316 Other products on the drawing boards include (i) single-walled carbon nanotube fibers; (ii) plastics with carbon nanotubes
to improve extrusion; (iii) photonic crystals for optical and quantum computing; (iv) DNA tags to prevent counterfeiting; (v)
infrared sensors for detecting fires; (vi) gallium nitride nanowires for miniature semiconductors; (vii) luminescent quantum dots
to pinpoint cancer cells; (viii) molecular materials to switch light with light for faster Internet connections; (ix) more powerful
chips; (x) medical treatments; and (xi) coated windows that change their shading or let light in and keep heat out.

317 K. Eric Drexler is founder and chairman emeritus of the Foresight Institute. He is an author and expert in the field of emerging
technologies.

318 New Scientist. 2003. Doubts About Nanotechnology. 14 Aug.

319 Yahoo News. 2003. Los Alamos Envisions Space Elevator. 27 Oct.

320 (i) BusinessWeek. 2003. Nanochips May Be Around the Corner. 27 Oct. (ii) EETimes. 2003. Nantero Reports 10 Gbit Nanotube
Array. 8 May.

321 BusinessWeek. 2002. Nanotechnology. 25 Mar.

322 United Nations Economic Commission for Europe. 2004. World Robotics 2004. Geneva.

323 As robots become smarter and behave more like humans, we will emotionally react to them as if they were thinking, animate
beings. Anyone who doubts this should watch children playing with the new canine robots or “virtual pet” key chains.
Recognizing this affinity, a toy company has started to manufacture robot babies that mimic the awkward stumbling steps and
babbling of real infants.

324 BusinessWeek. 2001. Planes that Know What to Bomb. 12 Nov.

325 Smith, Emily. 2004. Robotics: The Brave New World of Surgery. The Australian. 31 July.

326 Wilkinson, Stuart. 2000. “Gastrobots.” Benefits and Challenges of Microbial Fuel Cells in Food Powered Robot Applications.
Autonomous Robots 9: 99-111. Amsterdam: Kluwer Academic Publishers.

327 Christian Science Monitor. 2004. Robot Forecasts. 5 Feb.

328 BusinessWeek. 2003. Adaptive Aircraft: No Flight of Fancy? 7 Jan.

329 Gillett Stephen L. 2002. Nanotechnology: Clean Energy and Resources for the Future (white paper for Foresight Institute).
http://www.foresight.org/impact/GillettWhitePaper.txt

330 Professional Safety. 1998. Computers Advance Highway Safety. Dec.

331 Mechanical Engineering. 1998. Smart Cars and Automated Highways. May.

332 BusinessWeek. 2003. Japan: A Tiny Leap Forward. 6 Oct; Technology Review. 2004. Hybrid’s Rising Sun. Apr.

333 Lovins, Amory. 1999. A Road Map for Natural Capitalism. Harvard Business Review. May—Jun.

334 Toyota and Honda rolled out the first fuel cell autos in 2002 costing $1 million each. They expect costs of $100,000 by 2010.

Japan is planning to have 50,000 fuel cell cars by 2010 and 5 million by 2020. Germany leads the world and has produced
hydrogen using electrolysis of water.(Futurist. 2002. A Hydrogen Future. Jan-Feb.) Daimler-Chrysler will introduce a fuel cell
car soon and estimates costs will match conventional cars by 2010. (Business Week. 2001. Hybrids Are Headed for Main Street.
11 Jun.) GM has designed a new platform for fuel cell autos and is developing 3 cars to be introduced by 2010. GM has also
invested heavily in suppliers that produce fuel cells, hydrogen storage tanks, and reformers that convert gas into hydrogen. (US4
Today. 2001. GM Buys Stake in Hydrogen. 13 Jun.) The Company increased investment in hydrogen research from $1 million
to $1 billion a year. They hope to become the first automaker to sell 1 million fuel cell cars. (Wired. 2003. Fuel Cell Cars Trump
Hybrids. 6 Aug.) A GM official said “Fuel cells are the first technology in 100 years with the potential for competing with the
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internal combustion engine.” Exxon Mobil is developing auto fuel cells, Shell and BP have formed hydrogen divisions, and
Texaco is working on storage. (Futurist. 2002. A Hybrid Future. Jan-Feb.) Ballard, the world’s leading maker of fuel cells is
planning to reduce costs from $2000/kw to $50/kw by mass producing 300,000 fuel cells in 2005. (BusinessWeek. 2000. How
Hybrids Work. 8 May.) The US has committed $1.7 billion to support hydrogen research, the EU is investing $2 billion, and
Japan $2 billion. Iceland is building the world’s first hydrogen economy. PRC is hungry for energy, and many think it will take
the lead by committing to fuel cell development. (Zoronto Star. 2004. 20 Sep.) The California Fuel Cell Partnership, which
includes major carmakers and energy firms, plans to place 300 fuel cell cars into demonstration tests and to build fueling stations
every 20 miles on major highways. (Fleet Owner. 2004. Come to the Fair. May.) Pacific Northwest National Laboratory is
developing an under-the-hood reformer that produces hydrogen from gas on demand. Further, the process produces twice the
energy output than the original gas. (BusinessWeek. 2004. Vapor and Steam Beat Gasoline. 17 May.)

Issues in Science & Technology. 2002. Updating Automotive Research. Spring.

In 2003, the PRC launched the world’s only commercial maglev running between downtown Shanghai and the city’s airport that
is expected to carry 20 million by 2010. (Design Engineering. 2003. Transrapid International Introduces Magnetic Levitation
Train in Shanghai. 4 Feb.) Another $15 billion project is being planned to connect Shanghai and Beijing reducing travel time
from 17 hours to 4 hours. (Financial Times. 2000. China to Get Maglev Train. 9 Feb.)

The Engineer. 2004. Maglev Trains: Pulling Power. 23 Jan.

Japan Times. 2002. Maglev Gives Quick Thrill. 18 Jun.

Russia is building a flying lab designed to test hydrogen and hydrocarbon ramjet engines flying at Mach 8.5. (BBC. 2003.
Russia To Test Hypersonic Plane. 26 Aug.) Aerospatiale Matra is developing a new supersonic transport that could be flying
by 2015, followed by a 1,000-seat flying wing in 2020. (Futurific. 2000. Flying Supersonic. August.) NASA is testing an
upgraded X-43A scramjet aircraft capable of Mach 7 to 10 at 95,000 feet for possible use as passenger aircraft or advanced space
missions. (Knight-Ridder Tribune Business News. 2004. Aerospace Firm Back on Track with Experimental Flight. March.) TC
Corp. and Purdue University have formed an alliance to develop propulsion systems for Mach 7 flight. The Australians won
an international competition to test fly the world’s first rocket powered by a scramjet. (New York Times. 2002. The Scramjet.
Dec.)

Sao Paulo, Brazil, is home to more than 500 private helicopters used to commute executives to work in 15 minutes. (Forbes
2002. Copter Crazy. 13 May.) The Robinson R22 is the world’s most popular helicopter, selling at $150,000 and carrying 2
passengers. More than 3,000 were sold as of 2001. Honda is developing a small cost-efficient air taxi designed to ferry 4-5
people between airports, and GE is building the jet engine. (BusinessWeek. 2004. Gotta Fly to the Office. 13 Sep.) Eclipse
Aviation has 2,100 orders for its two-engine, five-passenger jet selling for $1 million, one-fourth the cost of a corporate jet.
Cessna and Adam Aircraft are building similar “personal jets,” due out in 2007. (Newsweek. 2003. A Taxicab at 30,000 Feet.
6 Oct.) Moller International is building a “Skycar” that travels at 350 mph and gets 15 mpg fuel efficiency. Global positioning
systems and automatic pilot provide hands-free computer controlled travel. (Herman Group. 2001. Fly Your Car. 3 Jan.)
Mitsui OSK Lines Highlights for 2004. www.MOL.co.jp

Computerworld. 2003. Customs Will Fine Shippers. 23 Jan.

New Scientist. 2001. Rising Tide of Micro-Plastics. 20 Jan.

http://www.planktos.com

Other telematic technologies considered were combined on-board emissions and engine management; multimodal traveler
information/trip planning; dynamic route planning; in-vehicle traffic information; electronic tolling; navigation; traffic control;
parking management; automated driverless transport; anticollision systems; smart card; drive-by-wire; vision enhancement;
autonomous intelligent cruise control; fleet management; integration of information technologies; rail traffic management for
long-distance passenger and freight; lane keeping; and driver monitoring.

http://www.iea.org

Deffeyes, Kenneth. 2001. Hubberts Peak: The Impending World Oil Shortage. New Jersey: Princeton University Press.
England is building 18 offshore wind farms housing 6,000 turbines and Denmark expects to derive half of its energy from
wind. European wind power overall grew from 500 megawatts in 1990 to 23,000 in 2002, a 50-fold increase. (Fortune. 2003.
A Mighty Wind. 22 Dec.) The US is investing $3 billion in wind power because North Dakota, Kansas, Texas, and other states
alone could provide all of America’s energy needs. Experts estimate that wind power could supply 12% of the world’s energy
needs by 2020.

Photovoltaic cells (PVC) presently cost $4/watt, compared with $.40/watt for oil and gas. But costs are expected to reach $1/
watt by 2007, and companies like Nanosys are using nanotech to build plastic PVCs costing $0.20/watt that are 70% efficient
compared with the present 20%. (The Economist. 2002. The End of the Oil Age. 20 Jun.) Japan has 80,000 homes with solar
panels, and 10% of new homes have solar panels. German solar power has grown 300% in 2 years, with 120,000 homes having
solar panels. British Petroleum is building a $100-million solar plant. The solar energy reaching Earth is 10,000 times our global
energy consumption. It is thought that a patch of thermal solar plants in the Sahara 500 kilometers across could meet the world’s
entire energy needs. (New Scientist. 2004. Power of the Midday Sun. 10 May.)

About 70% of Americans now favor nuclear energy. Nuclear produces no pollution, has a sound safety record, and costs 1.9
cents/kwh compared with 3.4 cents for oil and gas. An International Atomic Energy Agency study found that oil pollutants kill
32 times as many people as nuclear. New designs like the “pebble bed” reactor are immune to meltdowns and storing waste in
glass (vitrification) can be safe for 200,000 years. The head of the US Nuclear Regulatory Commission was surprised to note
interest in building new plants: “The possibility was unthinkable a year ago.” The PRC alone is planning to build 30 nuclear
reactors.

New Scientist. 2003. The Clean Green Energy Dream. 16 Aug.

Analysts expect distributed power to produce 20% of all electric energy by 2010. John Benner, National Renewable Energy Lab,
thinks local power sources will supply 25% of new capacity by 2020. 2000. Purdue Extrapolations. Winter.

Technology Review. 2004. Biotech Crops About to Bloom. 16 Jul.

Sydney Morning Herald. 2004. City with a Future. 15 May.

New Scientist. 2004. Smog-Busting Paint. Feb 4.

United Nations Association of Greater Boston. 2003. Water Scarcity: Averting a Global Crisis. Conference on Public Private
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Sector Collaboration in Addressing the UN Millennium Water and Sanitation Goals, Massachusetts, 22 May.

Fortune. 2000. Water, Water Everywhere. 15 May.

Ovation Products, for instance, claims it can distill water contaminated with anything into pure drinking water for about 1 cent/
gallon. (Technology Review. 2003. Would You Drink Purified Sewage? 22 Dec.)

For instance, the French firms, Vivendi and Suez, are the largest water treatment companies in the world and growing rapidly. In
1999, Suez had annual sales of $32 billion. (Fortune. 2000, Water, Water Everywhere.15 May.) California is building 13 plants
that could supply 10-20% of the State’s water. Florida is building a $110-million plant, the largest in the Western hemisphere,
and Texas is planning 9 plants. Israel has 5 large projects. CDT Systems has developed a “capacitative deionization” technique
that produces clean water at half the cost of the conventional reverse osmosis technique. (Technology Review. 2003. Hold the
Salt. 24 Dec.)

Christian Science Monitor. 2003. How to Feed the World. 20 Feb.

Los Angeles Times. 2002. Organic Farms Viable Despite Lower Yields. 21 May.

Croplife. 2002. Digitize It. Dec.

One study found a yield monitor useful only when combined with global positioning systems. Another found variable rate
fertilizers to be unprofitable on wheat and barley, sometimes profitable on corn, and profitable on sugar beets. (Journal of the
ASFMRA. 2002.)

Croplife. 2001. Seed Money. Dec.

Apply. 2004. From the Top. 1 Feb.

Mining data is from the Industrial Technologies Program website, http://www.oit.doe.gov. Information on the PRC is from:
Kurtenbach, Elaine. 2004. China Paying Price for Industrial Boom. Associated Press Online. 1 Jan.

Kawatra, S Komar, and K A Natarajan. 2001. Mineral Biotechnology. Society for Mining, Mettalurgy, and Exploration. Mining
Industry Roadmap for Crosscutting Technologies. http://www.oit.doe.gov

Ibid.

Mellon, Margaret, and Jane Rissler. 2003. Environmental Effects of Genetically Modified Food Crops. Union of Concerned
Scientists. Paper presented by Margaret Mellon at a conference, Genetically Modified Foods—the American Experience,
sponsored by the Royal Veterinary and Agricultural University, Copenhagen, Denmark, June 12—13, 2003.

New Scientist. 2002. 20-year Study Backs Organic Farming. 30 May.

NASA has set up an Office of Exploration Systems to develop technologies for the proposed moon mission. By 2008, the crew
exploration vehicle (CEV), which ferries astronauts to and from the moon, will be tested for a manned mission in 2014. The
European Union has its own plan, Aurora, to construct a permanent moon base from which to launch Mars missions. They
envisage collaborating with the US New rocket motors, hybrid fuels, and myriad technologies can be used to create even
more powerful rockets. TransHab, a multi-storey inflatable habitat, can provide semi-permanent accommodation for up to six
astronauts. (New Scientist. 2004, 31 Jan. Ibid)

MicroScope. 2004. Biometrics: Next Killer App. 24 May.

Technology Review. 2003. Boosting Biometrics. Jun

The UK is setting up a National Identity Register based on biometrics for its 600 million citizens. The Enhanced Border
Security Act will upgrade all US passports and visas to biometrics at a cost of $3.2 billion over three years. The Department
of Defense worldwide information infrastructure based on biometrics will be in place by 2010. The European Union will start
issuing biometric passports in 2005 and uses fingerprints to identify people at borders. Suruga Bank launched Japan’s first
biometric deposit account in July 2004. Japan’s NTT DoCoMo launched the world’s first biometric-enabled phone in July 2003.
(Wireless Week. 2004. Eyeing Biometrics 15 Jan.) Forty-two airports are using electronic fingerprint-scanning technology, often
in combination with RFID tags. New York’s John F. Kennedy Airport is implementing a $1.2 million iris recognition project.
(dirport Security Report. 2004. Airports to Deploy Biometrics. 19 May.)

Lehman Brothers thinks the market for biometrics will grow 30-35% annually, and another study estimates growth at 37%.
(Security Systems News. 2004. IBG Report Predicts Double Digit Growth for Biometrics. Feb.) Sales of biometrics were $600
million in 2002, $1 billion in 2004, and are expected to exceed $4 billion by 2007. It is thought that fingerprints will replace
credit cards by 2007. (Wireless Week. 2004. Eyeing Biometrics.15 Jan.)

IDC expects Internet traffic to double annually the next 5 years due to broadband. IDC. 2003, 27 Feb. Broadband Will Drive
Internet Growth. www.IDC.com.

Verizon and Bell South are investing $20 billion in fiber optic cables running at 30 Mbps to 36 million homes, a 20-fold increase
in speed. NTT, Fujitsu, and the Japanese government are planning to install cables operating at 10 Gbps by 2010, 100 times
faster than their current 100 Mbps connections and a 10,000 times faster than in the US. (TechCrazy. 2004. Internet Will Hit 10
Gbit by 2010. 29 Aug.) New versions of WiFi operate at 70 Mbps, an order of magnitude faster than today’s broadband, and
Internet II runs at 7 Gbps, a thousand times faster. (New York Times. 2003. Schools Keep Vigil for Internet. 14 Aug.)

At the end of 2003, Jupiter says 33% of US households used broadband, while a PEW study put it at 31%. By 2005, Yankee
expects use to reach 40%, and Jupiter says 38%. Forrester Research expects 38% of households to use broadband in 2005, 47%
in 2006, 55% in 2007, and 62% in 2008.

IBM and Microsoft have speech recognition program that are expected to reduce the error rate from 95% to 99% by 2010,
thereby matching humans. An IBM scientist said “We have made very good progress ... and crossed the threshold where users
will accept it.” (News Com. 2003. Talking Computers Nearing Reality. 9 Jul.) Speech recognition call centers are replacing
the maddening touch-tone call centers. Amtrak’s “Julie” provides strain schedules, makes reservations, and accepts payment;
customer satisfaction is up and Amtrak recovered its investment in one year. AT&T Labs is developing a voice controlled
“Intelligent Secretary” to handle calls, organize files, transmit documents, and schedule meetings. Nokia, Sony, and other
companies are creating intelligent agents operating on 3G mobile phones that make purchases, among other tasks. (New
Scientist. 2003. Smart Cellphones Would Spend Your Money. 15 Jun.) The National Science Foundation has sponsored research
to move speech recognition from software onto chip designs, making it 1,000 times more effective. www.Kurzweilai.net

A wide variety of Al is being used now by the military and for risk management, financial analysis, process and quality control,
biometrics, spot shifts in credit card usage patterns, biometrics, interpret facial expressions, filter spam, manage PCs, create
video games, diagnose medical problems, trade securities, etc. The entrance to Cambridge University has replaced its attendant
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with a robotic head that gives visitors information. DARPA is developing a hyper-smart computer that can maintain itself,
make adaptive changes, and respond to different situations. It has also invested millions in Carnegie Mellon’s “Perceptive
Assistant that Learns” (PAL) and SRI’s “Cognitive Agent that Leans and Observes” (CALO). (Post-Gazette. 2003. CMU Team
to Develop Software “Secretary.” 17 Jul.) The US Department of Energy is developing systems that infer intent, remember
experiences, and make decisions. The scientist in charge thinks “cognitive systems will be embedded in most computers within
10 years.” IBM’s “autonomic computing” allows computer systems to solve problems and reconfigure themselves to reach a
goal, just as organisms use an autonomic nervous system to regulate heartbeat and body temperature. Wired. 2003. Machine
Thinks, Therefore I Am. 27 Aug.

The old 32-bit chips made today’s graphical user interface possible (windows), and the 64-bit chips are designed for speech
recognition, video, and other advanced capabilities.

Roughly half of US firms were installing voice recognition call systems in 2004, and all are expected to do so in 1-2 years, with
a potential market of $3.5 billion by 2007. The market for speech recognition should reach $5 billion by 2008. (New Scientist.
2003. No One Understands Me As Well As My PC. 1 Nov.) One expert thinks the market will reach $20 billion by 2013. Total
Al sales is expected to grow from $1 billion in 1993, to $12 billion in 2002, to $21 billion in 2007. A futurist thinks AT will
allow voice commands to be used for 3D Internet, television, mobile phones, medical care, and other services by 2010-2020.
Scientists generally estimate that computer power will match the human brain by 2020. (Kurzweil, Ray. 2002. The Age of
Spiritual Machines. New York: Viking.) The CEO of Native Minds, a virtual robot maker, thinks “The Internet will be filled
with robots by 2010.”

Boston Globe. 2002. MIT Researchers Working to Make Computers Intuitive. 12 Aug.

Fifty nations joined together to create the Global Earth Observation System of Systems that will continually monitor land, sea,
and air around the world. The network integrates 10,000 weather stations, 1,000 buoys, 100,000 daily observations by 7,000
ships and 3,000 aircraft, and 50 weather satellites. (Washington Post. 2004. Nations Collaborate to Take Planet’s “Pulse.”
26 Jul.) Radio Frequency ID tags (RFID) are being used to identify and track everything from groceries to people. Wal-
Mart now requires suppliers to attach RFID tags to their products. AeroAstro Corporation produces “nanosatellites”—small
communication satellites designed to monitor the movement of cargo, the location and health of people, maintenance status of
machinery, and almost any other activity. “Smart dust”—sensors the size of rice seeds—are being dispersed through the winds
to monitor traffic, weather, the environment, and military intelligence. A computer scientist is developing tiny “motes” that
only use power when relaying data to each other so they can be powered by small batteries. Technology Review. 2003. Wireless
Sensor Networks. Feb. Many firms are working together to develop a common standard for communications among home
appliances via the Internet. The 3G mobile phone system is being converted into a “machine-to-machine” (M2M) system that
connects cars, security systems, and other devices into an intelligent network. Analysts expect 26-100 million micro-devices of
this type to be in use by 2006. Wireless home networks are introducing a “digital home” in which electronic components can
be connected together easily. GE, Whirlpool, and Sunbeam are introducing Internet-equipped appliances. (BusinessWeek. 2003.
Digital Homes. 21 Jul.)

Technology Review. 2003. Quantum Cryptography. Feb.

Electronic Engineering Times. 2002. Error May Stall Quantum Computing. 9 Dec.

InfoWorld. 2003. Japan Reports Quantum Computing Breakthrough. 29 Oct.

New Scientist. 2004. First Quantum Cryptography Network Unveiled. 16 Jun.

NEC Corp. succeeded in controlling superposition and entangled two solid-state qubits, demonstrating two keys to quantum
computing. The US NIST transmitted a single photon as the key to an encrypted message at 100 times the previously recorded
speed. IBM and Stanford University are pioneering the new field of “spintronics,” which manipulates the spin of electrons to
store information. Researchers have successfully entangled 5 photons. (TRNMag.com. 2004. Five Photons Linked. 30 Aug.)
Ibid.

SimDesk provides cheap access to basic programs (word processing, e-mail, etc.), processing power, and storage for a few
dollars per person per year. The service is used by 200,000 people in Houston, 400,000 students in Chicago, 6 million people in
Indiana, and the firm is working with 31 other states plus some nations. (BusinessWeek. 2004. A Sweet Deal in Suite Software.
5 Jul.) IBM is investing $10 billion to make utility computing the heart of its corporate strategy, “E-Business on Demand.”
It is also introducing “Workplace” as a server-based alternative to Microsoft Office. “This is exactly what customers want,”
said the CEO, Samuel Palmisano. “It’s going to drive phenomenal productivity.” Hewlett-Packard and Sun are developing an
“intraorganizational” approach. HP’s “Utility Data Center” and Sun’s “N1” system both provide more effective computing
networks to serve units within a corporation. (BusinessWeek. 2003. Utility Computing. 25 Aug.)

For instance, H-P, GM, and the DoD use VR systems to let design teams walk through autos, ships, and aircraft before building
prototypes, saving millions of dollars in design work and time. (The Futurist. 2002. Virtual Reality is Getting Real. May-
Jun.)

Broadband, wireless, speech recognition, Al, and more powerful computers should improve VR considerably (see Intelligent
Interface). Japanese researchers have developed hologram projectors on a circuit board to be used for 3D TV, movies, and
video. Commercial products are expected in 3—5 years. Digital Research Labs has created 3D movies that surround the viewer.
(New York Times. 2004. For the Viewer, No Escape Hatch in a Digital 3-D Film. 6 May. Olympus and Sony have introduced
comfortable goggles that project vivid video and sound, enabling full body interaction with a virtual environment without the
hassle of bulky, dizzying 3D glasses.

“There” is a multimedia website featuring 3D computer-generated environments populated with avatars that interact with users
and other avatars. The UCLA Virtual Reality Lab recreates ancient Rome with 3D images of temples and monuments that
users can walk around in. Planetariums have begun providing people the experience the sensations of flying through space. VR
tools are being used to create 3D x-rays to help surgeons plan procedures or assist in surgery miles away. Media companies
are introducing “virtualized reality” that should soon allow the viewer to ride a football from the quarterback to the receiver.
Hidden relationships in complex data sets can be grasped quickly. For instance, VR enables more accurate decisions in financial
markets. The Waldorf Astoria Hotel in New York City has been using a 4X7 foot video conferencing system for years, and is
so convenient that it is always booked. Virtual “walk-through displays” are being used in museums. Internet 2 offers “tele-
immersion,” which allows people to walk around a virtual object and to hold virtual meetings with 3-dimensional images.
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http://www.kurzweil.ai. 2003. Kurzweil Teleports in 3-D to World Economic Forum. 24 Sep.

Washington Post. 2002. Wireless Computing. 23 May.

The name commonly given to the IEEE 802.16 standard.

A third-generation standard offering broadband mobile data with a peak rate of 2.4 Mbps.

EvDO technology may surpass WiFi because it can operate at comparable speeds over existing cell networks to provide seamless
coverage. Motorola Labs has operated multiplexing wireless technologies at 300 Mbps, speeds, which were previously thought
unattainable.

Forrester Research. http://www.forrester.com.

Fortune. 2002. Death to Bureaucrats. 26 Jun.

DM News. 2003. Virtual Shopping Habits. 27 Aug.

BusinessWeek. 2003. E-Shoppers Are Now E-Spenders. 8 Dec.

New York Times. 2000. Where Video Will Come From. 13 Aug.

BusinessWeek. 2002. The Battle of Online Content Models. 13 May.

On the Horizon. 2003. The Online Education Market: Much Is at Stake for Institutions of Higher Education 11 (3).

New York Times. 2003. Professor View with Web for Class’s Attention. 2 Jan.

Chronicle of Higher Education. 2003. Survey Finds College Administrators Optimistic About the Future of Online Education.
4 Sep.

http://www.ban.org

New Scientist. 2004. We Can Rebuild Them. 28 Feb; Washington Post. 2004. Firm Strives to Give Amputees Natural Gait. 12
Apr; http://www.News.Scottsman.com.

http://www.longbets.com

By sending brain signals through the array, Warwick was able to control a wheelchair and an intelligent artificial hand. His
signals were also sent to a less complicated chip implanted in his wife’s arm. Warwick believes that “the step to Cyborgs—
part human part computer—offers humans a natural, technological upgrade” with extraordinary capabilities. www.rdg.ac.uk/
KevinWarwick.

Newsweek. 2001. Full Stem Ahead. 12 Feb.

New Scientist. 2001. Stem Cell 2001 “Immortality” Gene Found. 5 Mar.

Hall, Stephen. 2003. Merchants of Immortality: Chasing the Dream of Human Life Extension. New York: Houghton-Mifflin
For instance, Dr. James Vaupel, Director of the Lab on Longevity at the Max Planck Institute, finds that life spans will increase
2 to 3 years per decade, and he forecasts life spans approaching 130 years by 2050. Prof. Aubrey de Grey at University of
Cambridge claims average life spans will reach 130 years by 2030. The Center for Strategic and International Studies thinks a
female born today will have a 40% chance of living to 150 years.

Washington Post. 2000. The Promise of Precision Prescriptions. 24 Jun.

Perlegen Sciences is developing more convenient tests based on identifying the differences in genetic makeup between people
who are prone to certain illnesses, rather than analyzing the entire genome. (Technology Review. 2004. Personal Genomics.
Feb.) Dr. Craig Venter, the scientist who almost single-handedly deciphered the human genome, has launched the world’s largest
genome sequencing center to make genetic tests commonly available. “Our goal is to do a whole genome analysis in minutes
or hours,” he said. Research is identifying which patients will respond to different cancer drugs. A scientist called it “The
most striking advance in decades.” (BusinessWeek. 2004. Taking Better Aim at Cancer. 10 May.) Some experts think it will be
common for patients to be genetically tested before treatment at about 2010. (Washington Post. 2000. The Promise of Precision
Prescriptions. 24 Jun.)

Fortune 2003. IT Takes on the ER. 24 Nov.

“Electronic intensive care units” used to monitor patients can reduce mortality by half. (Washington Post. 2002. Intensive Care
from a Distance. 2 Jun), MRI and robotic devices allow remote diagnosis without exploratory surgery. Colonoscopy is being
replaced by CT scanners. Scientific advances should soon diagnose disease at the molecular level. (AdvaMed. 2001. Advances in
Diagnostic Imaging. 10 Apr.) Kaiser Permanente is completing a $2-billion project to move 9 million patients at 362 hospitals
served by 10,000 medical staff to web systems. The Detroit Medical Center gives 6,000 clinicians online access to patient
records, medical databases, and ordering drugs and tests. Brigham & Women’s Hospital uses 30,000 workstations to integrate
all health care for 700,000 outpatients. As of 2000, 30% of physicians used handheld PDAs to access medical data. Forty million
Americans used the Internet to find health data. And 32 states have systems to provide online consultations. Physician training
is now IT-intensive, including the use of PDAs, CD-ROM, patient simulators. “The computer is the physician’s black bag of the
future,” said the dean of a medical school.

North, Douglass. 1990. Institutions, Institutional Change, and Economic Performance. Cambridge: Cambridge U. Press.

For further information, see: Halal, William. 1998. The New Management: A Guide to the Parallel Transformations in
Technology, Business, and Leadership. San Francisco: Berrett-Koehler.

For more on this topic, see Institutional Change, a special issue of On the Horizon in 2004.

Halal, William E. 2004. The Intelligent Internet. Futurist. Mar—Apr.

For instance, see Halal, William, Ali Geranmayeh, and John Pourdenah. 1993. Internal Markets: Bringing the Power of Free
Enterprise Inside Your Organization. New York: John Wiley

www.un.org/esa/sustdev/partnerships/partnerships.htm

See Halal, 2001 [ref. Chapter 1:16]

World Scientists’ Warning to Humanity 1992. www.ucusa.org

Wilson, Edward O. 1989. In Search of Nature. Washington D.C.: Island Press. (Includes the essay “Is Humanity Suicidal?”)
Ibid.

Joy, Bill. 2000. Why the Future Doesn’t Need Us. Wired Magazine. April. http://www.wired.com/wired/archive/8.04/joy.html
www.Kurzweilai.com

Gelbspan, Ross. 1997. The Heat Is On: The High Stakes Battle over the Earth’s Threatened Climate. Reading, Mass.:
AddisonWesley.

Lehman, Scott, and Lloyd Keigwin. 1992. Sudden Changes in North Atlantic Circulation During the Last Deglaciation. Nature
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