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crop mentality, 194-196, 197; soil
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162163, 192, 206, 215; synthetic
fertilizers, 190, 191, 197, 205; topsoil
lost, 192-193; topsoil replacement,
212; urban, 200; water pollution
by, 197; water use by, 191,193-194,
214-216, 217-219. See also eco-
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Australia, 42, 43, 49; water supply, 226,
228, 230, 232
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automobiles: accidents, 23, 43, (cost)
41, 57; Brazil, 295; commuting by,
41-42, 43—44; cost of, 24, (hidden)
161, 281, (social cost) 22-23, 41, 42,
46, 57; durability of, 19, 25; effect of,
in U.S., 22-23, 41; electrically pro-
pelled, 25, 32, 33; “hybrid-electric,”
see Hypercar; inefficiency/efficiency
of, 24, 2729, 38-39, 40, (light-
vehicle standards) 57; innovations
in design, 23, 24-27, (steel vs.
carbon-fiber) 29-32, 37-38; insur-
ance, 281; leased or rented, 27, 136;
organic waste as fuel for, 201-202;
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automobiles (continued)
ownership of, 40; parking, 41-42;
pollution by, 23, 159; rebate system,
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25; and resource productivity, 22,
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on, 42-43; ultralight, 29-32; wind-
shields for, 127-128
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Brazil, 181, 230, 268; Curitiba, 288-308;
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building design, 82-105; climate
control in, see climate control
(indoor); commercial buildings,
94-99; costs, 111, 114; flexibility, 98,
100, 182; green buildings, 86, 87-
106; office buildings, 89—-90; passive,
97-99,102-104; recycled buildings,
99-101, 104, 167; renovated build-
ings, 119-121; tenant choices, 92-93,
98; traditional, 90-92; wood-saving,
183-189

building-related illnesses, 88
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Bush, George, 280
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157, 159; corporate culture, 68-69;
disregard/misunderstanding of
energy efficiency, 266-268, 270272,
(informational failures) 275-276,
(organizational failures) 270-273,
(regulatory failures) 273-275; indi-
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revolution in resource productivity,
317-320, (cooperation with com-
petitors) 317, 318. See also industrial
metabolism; industrial process;
industrial revolution
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California: air-conditioning equip-
ment, 101-102, (Central Valley
temperature control) 108; bike
commuters, 44; clustering studies,
45; efficiency standards (appli-
ances), 105; electricity, (energy
savings) 269, 274, (sources) 247,
248; “parking cash-out” concept
law, 42; Plumbing Code, 227; prop-
erty values, 109; suburban sprawl,
46; Title 24 building code, 94; water
use, 215, 218, 219, 224-228 passim,
231, 232, 233, 279; Zero Emission
Vehicle requirement, 33
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Canada, 26, 44, 188, 217; agriculture,
200, 202; “ecological footprint”
concept, 51; insulation techniques,
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capital: flow of, 266, (misallocated)
268, 270; four types, 4; “income”
concept, 158; traditional definition,
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industrial, 5, 286, 287. See also
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carbon dioxide “sequestered,” 36

carbon dioxide emission, 4, 152,
204-205, 206; carbon trading, see
Kyoto Protocol (1997); energy
source and, 243; by industry, 52;
limits on, oil industry fight against,
318; from ocean, 237-238; opportu-
nities for cutting, 246-247, 248,
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from government policy) 257;
transportation sector and, 37, 40;
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29-32, 37-38; cost of, 30, 31-32, 38
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greenhouse gases
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See also pesticides
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climate change, 4, 23, 152; and agricul-
ture, 197-198, (soil and) 204-207;
avoidance of, 259; business attitude
toward, 157, 242; climatically
benign production of hydrogen,
36-37; debate over, 241-247, 257,
310; and fires, 149; Framework
Convention on, 322; global warm-
ing, 147-148, 160, 236-238, 316;
greenhouse gases causing, see
greenhouse gases; studies funded,
256; volatility of weather, 283. See
also Kyoto Protocol (1997)

climate control (indoor), 88; air-
conditioning need reduced, 95, 97~
99, 103, 108; cooling, 94, 135-136;
“displacement ventilation,” 98;
heating, 94, 97-99, 101-104 passim,
134-135; insulation, 102, 103, 104, 167,
182; service and flow system, 134-136
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269
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46-47; and crime, 84, 107; redesign
of, 46—47,106-110; village-style lay-
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trian space

commuting: bicycle, 43, 44; com-
munity vs., 45-47; commuting
allowance suggested, 41-42; costs,
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York, 295; entry fees, 43
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with, 317, 318; efficiency and, 63, 67;
in energy production or conserva-
tion, 26, 280; in free-market theory,

263, 264; green buildings and, 87,
89; and hydrogen vs. gasoline
prices, 36; against perfection, 133;
regulation of, 282; in resource pro-
ductivity, 15; between transporta-
tion systems, 41

computers, 34, 95; design by, 74-76;
industrial use of, 67-68, 98; infor-
mation superhighway, 44-45; and
nanotechnology, 73; recycled, 78;
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reduction) 257-258, 259, 279; auto-
mobile accidents, 41, 57; building
design, 111, 114; carbon fiber, 30,
31-32, 38; cost barrier, tunneling
through, 111-124; crime, 58; energy,
company disregard of, 278; fuel
cells, 34; gasoline prices, 36, 37, 40;
health care, 58, 301; hydrogen
prices, 36; Hypercar production,
25,30-32, 38; inefficiency, 13; of
losing natural capital, 59; oil prices,
26, 37, 57, 145, 146; pavement, 22;
road congestion, 57; social costs,
166, (automobile commuting) 22-
24, 41, 42, 46, 57, (unemployment),
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(IPPUC), 290, 292, 293, 300; social
programs, 292, 299, 300-306
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measures, 43, 44, 106, 247; taxes, 14,
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desertification, 149, 172, 205
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design: appliance, 104-106, 222-223;
building, see building design;
changes, 64-65, 72-73, 81, (new
mentality) 111-113, 118, 122-123;
community redesign, 4647,
106-110; computer-aided, 74-76;
ecological redesign, 10, 14-16;
whole-system, 113-124, 131, (social
form) 287-288

de Tocqueville, Alexis, 157

Detroit Motor Show (1998), 26

developing nations: accounting
methods, 156; agriculture, 209,
210-211; carbon savings, 251;
new power systems, 270; soil
degradation/water loss, 194; stan-
dard of living, 309-310; subsidies
paid by, 163; waste generated by, 53
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Diamond, Jared, 194

Dieldrin, 16. See also pesticides

diminishing returns, 114, 245
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Dow Chemical Company, 76, 79,137,
245; Dow Europe, 12,175
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“ecological rucksack,” 50
“ecological thinking,” 141

Ecology of Commerce, The, 133
economic system: “economic effi-

ciency,” 12-13, 262; economic funda-
mentalism, 261; “economic growth”
(building of prisons), 54, 55; eco-
nomic progress, 6, (limiting factors)
9,156-159; environment (natural
capital) valuation, 150, 154-156;
externalities in, 277-278; fallacy of
economic theory, 7; forecasting,
316-317; free-market, 254, 256, 310-
311, (theoretical model) 263-265;
GDP (gross domestic product), see
GDP; homebuilding as part of, 102;
income, concept and definition,
158; income decline, 56; income
inequities, 9, 19, 53; market barriers,
275, 276; market economics, 262;
market regulations, 282-283; Nepali,
173; poverty, 8, 53, 54, (and burden
of environmental degradation) 167;
return on investment (ROI), see
energy efficiency; service and flow,
10-11,16-19, 134-137; U.S., 41, 58,
59-61, 266, (“growth” of) 59-61,
(inefficiency of) 14-15, (unem-
ployment/employment) 53-54,
255-256, (waste ratio in) 14-15, 58,
266; volatility of, 142-143; wasting
resources and, 321; worldviews on
(Blues, Reds, Greens, Whites),
310-313. See also capital; capitalism;
costs; unemployment or under-
employment; waste

economies-of-scale thinking, 127
Economist, The, 97,161, 249, 310

ecosystems: agriculture and, 204; arti-

ficial (Biosphere 2), failure of, 5,
146-147, 153; business attitude
toward, 157, 159; damage to/loss of,
3, 4, 8-9, 19, 20, 151-156, 159-160;
design and, 112-113; freshwater and
marine, 4; “Greens” and, 311-312;
industrial, 16, 67-68; resource pro-
ductivity and, 18; scientific view,

153-154; soil, 150-151, (biological
farming and) 16; Type Three, 73;
value of services, 5,146-148,
154-156. See also environment

Ecotrust (Portland, OR), 320

efficiency: auto industry search for,
27-29, 38, (government and) 57,
(offset by more cars and driving)
40; of buildings, 82-105; and com-
petition, 63, 67; in converting raw
material to finished product, 75;
economic definition of, 12-13;
energy, see energy efficiency; engi-
neers’ definition of, 12, 13; Factor
efficiencies, 140-141, 180-181, (Four
and Ten) 11-12, 13, 22, 40, 246; of
green buildings, 87-90; Hypercar,
25, 28, 34; lean approach and,
129-130; in paper production (field,
conversion, end-use, functional),
179, 180-181; resource efficiency, 13,
109. See also inefficiency

efficiency revolution, 64

Ehrlich, Paul, 157

Einstein, Albert, 6, 272, 310

Eisenberg, Evan, 150, 193, 203

Eitel, Charlie, 133, 141

electricity: automobiles propelled by,
25, 32, 33; hydrogen produced by,
36-37; motors’ use of, 115, 246;
phosphorus-mining use of, 50;
production of, 244-245, (fuel cells)
25, 34, 248, (renewable sources) 97,
247-248; saving, (“Negawatts”)
279, (technologies for) 95, 106, 2505
tax on, 167. See also power plants

Electrolux (Sweden), 138

electrolysis, 33

electronic communication, 174-176.
See also computers

El-Gasseir, Mohamed, 280-281

Eliot, T. S., 47

El Niflo, 237. See also climate change
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employment, 10; service paradigm, 18.
See also unemployment or under-
employment



energy: competition in producing
and saving, 26; crisis, 145, 146; and
“feebates,” 93-94, 274; food sector
use of, 192; Hypercar use of, 25, 28,
34; pricing of, 278; renewable,
247-248, 252; reused vs. primary
materials and, 18, 78 (see also re-
cycling); saving, at low cost, 118-
119, 176, 244-247; “soft energy path”
(U.S.), 251-252; and standard of
living, 251; waste of, 42, 57, 58, 160.
See also electricity; energy-
efficiency; power plants

Energy Department, U.S., 268

energy efficiency, 57, 58, 62-64, 81,
244-245; appliances and office
equipment, 104-106, 277, (labeling)
275-276; buildings, 89, 94, 98-99,
102; business disregard /misunder-
standing of, 266-268, 270-272;
congressional disregard of, 272;
economic value of, 256-257, 265,
268-270, (return on investment
[ROI]), 245-246, 276; manufactur-
ing, 62-64, (“golden carrot” pro-
grams) 276, 277, (risk-taking)
276-277; potential, 107, (unmet) 81;
stagnation of, 253-254; Swedish
and Indian analyses of, 250251

Energy Service Company (ESCO)
concept, 269

Energy Star standards, 104, 276

“engineered” wood. See wood

engineering: education, 111-113;
financial education, 267; genetic,
of forests, 186-187; “value,” 120;
whole-system, 113-124

Enron Company, 247

“Environ” biocomposite, 80

environment: economic value, 154;
future of, 316-317; global security
linked with, 20; human destruction
of, 148-149, (protests against) 319;
human-made, variability in, 88;
natural capitalist view of, 9-10;
organizations concerned with, 314-
315; present capitalist concern for,
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6; pollution of, 315; as source of
quality, 148-150. See also ecosystems

environmental feedback, 49

EPA (Environmental Protection
Agency), 88,101, 104, 231, 257,
275-276, 277; suit against, 197

“ephemeralization,” 77

EpiCenter research facility (Bozeman,
MT), 99

Ernst & Young Center for Business
Innovation, 139

Eugster, C. H., 71

Europe: agriculture and climate, 160,
207, 238; central-city density, 46;
containers redesigned, 76; “green”
roof concept, 108; “individual mass
transit,” 43-44; insurance industry,
283; service and flow heating,
134-135; subsidies, 13-14; tax
reforms, 14, 168; “traffic-calming,”
43; unemployment, 14, 53

European Commission, 168

European Union, and Factor Four,
12

Expo 2000 (Hannover, Germany), 103

extinction, of fish, 149

Exxon Valdez oil spill, 70-71

Factor efficiencies. See efficiency

Factor Ten Club, 11

Fannie Mae (Federal National
Mortgage Association), 46

Federal Aviation Administration
(FAA), 69, 264, 282,

Federal Trade Commission, 282

“feebates,” 3, 93-94, 274

feedback: environmental, 49; indus-
trial, 66, 67, 164-165; informative,
283-284

Feist, Wolfgang, 103

fertilizer. See agriculture

fibers and fiber products, 171-174,
189; “fiber farms,” 186; nonwood,
187-188; wood, 178-179, 181, 186.
See also carbon fiber

financial innovations, 100, 284,
319-320. See also economic system
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Financial Times, 133

Fischer, Hanns, 71

fish, 149, 151

food: contaminated fish, 151; depen-
dent on energy, 192; overfishing
and, 149. See also agriculture

Food and Drug Administration, 282

Ford, Henry, 27, 29, 80,184

Fordham University “index of social
health,” 53

Ford Motor Company, 26, 36, 39, 80,
256

forestry subsidized, 58

forests: dying, 160; genetically engi-
neered, 186-187; harvesting, 172, 173,
(productivity loss) 194, (saving in)
177-184, 186, 189. See also wood

Forest Service, U.S., 164

Forgotten Pollinators (Nabhan and
Buchmann), 151

Forrester, Jay, 144

Fortune 100 companies, 266

Fortune 500 companies, 55

Four Times Square (New York), 97

Foy, Douglas, 281

Framework Convention on Climate
Change, 322

France, nuclear power in, 249

Franklin, Carol, 233

Freddie Mac (Federal Home Loan
Mortgage Corporation), 46

free market. See economic system

Freeport-McMoRan gold mine
(Indonesia), 52

Fresh Kills (Staten Island, New York),
51

Freudenberg-NOK General Partner-
ship, 132

friction in pumping system, 115-118

fuel cells, 26, 32-36, 66; cost, 34; orga-
nization start-up process, 35-36;
producing electricity, 25, 34,
248

Fuji cameras, 78

Fukuoka, Masanobu, 210

Fuller, Buckminster, 77

future, forecasting of, 316-317, 322

garbage. See waste

gasoline: cut in consumption, 45;
prices, 36, 37, 40; tax, 167. See also oil

GDP (gross domestic product), 6,
149, 160, 161; Curitiba, Brazil, 298,
307; Sweden, 250; Thailand, street
congestion and, 43; U.S., 59-61,
(farmers represented in) 191,
(social cost of driving) 41, (waste)
58, 266, (water-use efficiency)
216-217. See also economic system

Generally Accepted Accounting
Practice, 9

General Motors (GM), 26, 27, 39, 264

Georgia Power Company, 66

Georgia Tech, 66

Germany: businesses eliminate free
parking, 42; conservation practices,
44,79, 80,178,184, 225, 318; “ecolog-
ical rucksack,” 50; environmental
protests, 319; “green” roof concept,
108; subsidizes coal regions, 160;
tax reforms, 14, 164, 168

gigantism, cult of, 130-131

Gillette Company, 225
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glass windshields, 127-128

Global Climate Coalition, 242

globalization, effect of, 19

global warming. See climate change

Glulam beams, 183
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Goteborg Energi (Sweden), 135

government subsidies. See subsidies

Gram (Danish firm), 106

“granny” flats, 107

Great Lakes region, fish from, 151

Great Plains, 192, 211

Green Bay (Wisconsin) Packaging
Company, 185

green buildings, 86, 87-110; climate
variability in, 88; “green” roofs, 108;
homes, 101-106; and productivity,
88-90; recycled, 99-101

“Green Exchange” project (Curitiba,
Brazil), 301-302



greenhouse gases, 14, 23, 235-241, 255,
283; CFCs, 16, 240, 244, 258; methane,
204, 206-207, 211, 243; nitrous oxide,
204, 211, 235, 243; sulfur dioxide,
235, (reduction costs) 257-258,

259, 279; tax on, 167, 242, 318,
(excluded) 257. See also carbon
dioxide emission

green investment, 284

Green Lights, 276

Greenpeace International, 65, 283, 317

“Green Revolution,” 191

“Greens,” worldview of, 311-312, 313

green taxes (Holland), 167

Gridcore construction firm, 183

gridlock. See road congestion

gross domestic product. See GDP

gross world product, 154

Guam, winds in, 152

Gulf Stream, 238

Haiti, ecological destruction in, 20

Hall, Mrs. Rozella, 226

“halophytes,” 219. See also agriculture

Hannover Principles, 322

Hardin, Garrett, 285

Hargreaves, James, 170

Hart, Stuart, 317

Hartzfeld, Jim, 141

health care costs, 58; Curitiba, Brazil,
301

heating. See climate control (indoor)

Heinlein, Robert, 263

hemp, nonpsychoactive, 188

Hicks, J. R., 158

High Plains, 215, 216

High Plains Underground Water
Conservation District (Lubbock,
TX), 217

highways. See road construction;
transportation sector

Hindenburg disaster, 35

Hire Quality (job placement service),
174

Holland. See Netherlands

homebuilding, revolution in, 101-104,
108-109
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Honda, hybrid car of, 27

“hoop houses,” 202

hotels, 84-85, 97

housing developments, 83-84,
108-109; village-style layouts, 107

How Buildings Learn (Brand), 100

Hubble Space Telescope, 69

Hungary, hemp fiber produced in, 188

Hunt Brothers, 264
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ecosystems

natural capitalism: broad appeal of,
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assumptions, 9-11; goal of, 261;
Hypercars as embodiment of, 27;
innovations resulting from, 20;
and interdependence between
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reforms, 14, 159, 164-168, (suggested
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ment, 9, 14, 53754, 5657, 263, 264;
vs. job creation (U.S.), 255-256;
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reform, 168; thermal inefficiency
of houses, 119; unemployment or
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