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In highway driving, efficiency falls because there is 
far more irrecoverable loss to air drag (which rises 
as v3) and less recoverable loss to braking. 

Aero Drag 
CnA = 0.76 rn2 

Rolling Drag 
rnM = 14.2 kgf 

Braking 
M = 1579 kg 
0% Recovered 

Aero Drag 
CnA = 0.17 m2 

Rolling Drag 
roM = 3.2 k 

Net Braking 
M = 536 kg 
70 % Recovered 

ET 8/94, TCM 2/95 





Whatever exists is possible: examples of fuel economy 

8 )  Street measurement updated 1.95; wind-bnnel is 0.19. b) M e r  remoGng excess resin estimated by builder at -30 
kg, but hcluding 230 kg of batteries in rmge-extender parallel design for 120-km combustion-free range (data up- 
dated 1.95). e) Ifall electricity were made onboard @ q = 0.30, the Swiss urbdi&way mix would be 2.83 UlUO 
km = 83 mpg. d) Calculated &om (6 kwh grid electricity -I- 1 1 gasoIhe)/l00 km far typical Swiss eityhi&way mix, 
using conventional 8.78 @osch) k lWl  delivered- (not pkm-)enerm equivalence, Measured pe~ommce:  hy- 
brid-mode 2.94 l/lW km @ EU 90 W; electric-mode 10 k W d 1 0 0  km urban, 7.44 h typical Swiss u r b d i & -  
way mix. e) Relatively heavy design with no body optimkation or mass decompoundhg; %-kg NiJbfH buEer. f) 
he1 were converted onboard to electricity @ q = 0.30. Mass = 670 kgbincl. l&kW engine - 230 kg batteries + 50 
kg buffer batteries + 16 kg generator/eontroller - 49 kg mass decompomding @ 30%. Pi%% C: ~wrk~wxislsdbc W f l 6  oABL 1 7.1t.94 









Designing an elegantly frugal car that performs 

Component-by-component 
Incremental changes to tradition 
Design from engine toward wheels, 
emphasizing driveline refinement 
Assume steel 
Accrete mass 
Largely ignore synergies 
Dis-integrate and specialize 
Huge design roup, relay race 
Institutionalized timidity 
Baroque complexity 
Comolex, therefore difficult 

Whole platform 
Zero-based, ground-up, clean-slate 
Design starts with occupants and road 
loads, emphasizing platform physics 
Assume advanced composites* 
Eliminate and decompound mass 
Design to capture synergies 
Re-integrate; master details holistically 
Small design group, team play 
Skunkworks-style boldness 
Radical simplicity * * 
Simple, therefore difficult 

*".**/A]dvanced composite material development is outside our core technology, so we do 
not have manpower or facilities assigned to that development area." 

-Senior official, major U.S. automaker, October 1994 
**"Everything should be made as simple as possible, but not simpler. " -Einstein 
PSaS c: i~f f fword>workVi(d~ doc W 6 0 A B L  J S I I  95 



The Hypercar Center 

Phone + I 970 + 927-3851, FAX 4- 927-4178 Arnory B. Lovins, Director of Research 
Internet "hypeicar@rnai.org"; routine publication orders "otders@mi.org" Rocky Mountain Institute 
http://solsuce.ciest~org/effidency/nni_,Homepage.hm/ 1 739 Snowmass Creek Road 
PictureTel ISDN videoconferencing available Snowmass CO 81654-9 199, USA 

Selected Publications 
KMTs latest hypercar (fomerly called supercar) publications include (please add 20% shipping in N. America): 

*"Reinventing the Wheels": January 1995 Atlantic Monthly feature nontechnically explaining the basic concepts 
and implications (IT94-29, 10 pp., $5)Ã‘recommende as the place for most readers to start 
*"Hypercars: Answers To Frequently Asked Questions," Jan 1995 (#T95-1,6 pp., $3), supplements #T94-29 
*"Hypercars and Today's Cars: An Illustrated Comparison," Feb. 1995 (#T95-6,2 pp., $1 SO) 
"The Hypercar Packet," T95-1& -6 plus energy diagram and several popular articles (#T95-16.16 pp., $5) 
"Hypercars: The Next Industrial Revolution": semitech. general storyboard, si units (#T95-19,20 pp., $10) 
"Policy Implications of Supercars": semitechnical August 1993 storyboard (#T93-21,8 pp., $4) 
"'Zero Emission' Vehicles Aren't": Letter in The Electricity Journal, June 1993 (#U93-17,2 pp., $1.50) 

c'Electrotechnologies": Followup to U9 3-1 7, Electricity Journal, January 1994 (W94-10, 1 p., $1 S O )  
"Advanced Ultralight Hybrids: Necessity and Practicality of a Leapfrog," technical graphics from address to 

Vice President's PNGV symposium on structural materials, 22 February 1995, si units (#T95-18,10 pp., $4) 
Front matter of Hypercars- Materials and Policy Implications, 3 1 Jan 1995 (#T95-17, 15 no; $8) 
Hypercars: Materials and Policy Implications, proprietary technical analysis, August 1995, -300 pp, $10,000. to 
the industry (discounts available to qualifying nonprofit organizations); includes #195-27, -34, -35 
'Vehicle Design Strategies to Meet and Exceed PNGV Goals,'* technical parametric design analysis, SAE 
951906, June 1995 (#T95-27,43 pp., $10) 
"Address to 1993 Asilomar Cod. on Strategies for Sustainable Transportation" (#T95-30, 11 pp , $6) 
"Hypercar: A Threat to the Oil Industry?," Oil & Gas J reprint w/background, August 1995 (#T95-32,6 pp., $3) 
"Amory Lovins: Moving Toward a New System." semitechnical interview from Scott Croak's Society of 
Automotive Engineers (SAE) hookBuilding the E-motive Industry (#T95-33,7 p., $4) 
"Supercars: Advanced Ultralight Hybrid Vehicles," Wiley Encyclopedia of Energy Technology and the 
Environment reprint, basic annotated semitechnical primer, si units, January/June 1995 (#T95-34,32 pp., $12) 
"Costing the Ultralite in Volume Production: Are Composite Bodies-in-White Affordable?," SAE technical paper 
in press, August 1995 (#T95-35, 14 pp., $10) 

In addition, during 1995: 

* The Hypercar Center will ish a semitechnical introduction to hypercar safety, 
0 The Washington Post Magazine is expected to print an article on reducing travel demand (#T95-7, -3 pp., 42 ) ;  
* substantial broadcasting and other publications will continue, and a popular book is under consideration. 

All new publications are announced in KMTs free Newsletter, and many are* or will soon be posted to the Institute's 
Internet homepages (above) If you are also interested in how RMI's work on hypercars evolved, you may want to read: 

0 "Advanced Light-Vehicle Concepts": M ' s  first effort to assemble the general concept, as lecture notes for a 
National Academy of Sciences hearing-ideas mostly there but not yet 'fally synthesized (#T91-20, 15 pp., $7) 
"Supercars: The Coming Light-Vehicle Revolution": the first thorough technical synthesisis of the hypercar 
concept, from the June 1993 ECEEE symposium in RungstedgSrd, Denmark (#T93-10,34 pp., $8) 

Rocky Mountain Institute, founded in 1982, is an indtpaldent, nonprofit, nonpartisan resource policy colter. Its -40 staff foster the efficient and 
sustainable use of resources as a path to global security RMI has earned a reputation for finding new solutions to old problems, or, better still, avoiding 
them altogether The Institute works mainly on energy, water and agriculture, and transportation efficiency "green" real-estate 
economic development, #dial security, and their intercom!ections RMI is best known fix having laid most of the conceptual and tedmical foundations of 
the SS-billion-a-year "negawatt" (saved-eleciridty) industry and invented end-useleast-cost resource analysis. 

Amory B Lovins, 47, cofouttded and directs researdi at RMI and at its Hypercar Goiter. A consultant 1 physicist educated at Harvard and Ox- 
ford, he has received an Oxford MA (by virtue of being a don), six honorary doctorates, a MacArtfaur Fellowship, and the N i i  MitAelI, "Altenmtive 
N<Ael," and Onassis Prizes. He has hdd a variety of visiting academic &airs, briefed nine heads of state, published 22 books and several hundred papers; 
iettured and broadcast extensively; saved on the Department of Energy's senior advisoty board; and con&llteed for scores of utilities, industries, and 
governments worldwide, mainly on advanced electric efficiency and more recently on new automotive concepts. The Wall Street Joui'nal's Centennial 
Issue named him among 28 people in the world most likely to change the course of business in the 1990s 
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