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18. RMI estimated that during 1984-89, U.S. efficiency potential roughly doubled while its real cost fell

by threefold.

Since 1990, mass production (often in Asia), cheaper electronics, competition, and better technology,
according to James K. Rogers PE, cut the real cost of electronic T8 ballasts by >90% to 2003 (while lumens
per watt rose 30%), turned direct/indirect luminaires from a premium to the cheapest option, and cut the real
cost of industrial variable- speed drives by ~83-97% (some vendors of midsize motors now give them away).
Compact fluorescent lamps be- came 85-94% cheaper during 1983-2003; window air-conditioners got 69%
cheaper since 1993 while becoming 13% more efficient; and low-emissivity window coatings became ~84%
cheaper in just five years.

19. Integrative design produces these expanding (not diminishing) returns to efficiency investments:

A.B. Lovins, “Energy End-Use Efficiency,” 2005, www.rmi.org/images/PDFs/Energy/E95-
28_SuperEffBldgFrontier.pdf, further elucidated in the senior author’s five public lectures, “Advanced Energy
Efficiency,” delivered at Stanford’s School of Engineering in March 2007 and posted at www.rmi.org/stanford.
RMI’s recent redesigns of over $30 billion worth of industrial projects consistently found ~30-60% energy
savings on retrofit, typically paying back in 2-3

years, and ~40-90% savings in new projects, nearly always with lower capital cost.

20. For example, an RMI design for retrofitting a 200,000-ft2 curtainwall office building when it
needed reglazing anyhow could save three-fourths of its energy at slightly lower cost than the normal 20-
year renovation that saves nothing: A.B. Lovins, “The Super-Efficient Passive Building Frontier,” ASHRAE J.,
pp. 79-81, June 1995,
www.rmi.org/images/PDFs/Energy/E95-28_SuperEffBldgFrontier.pdf.

22. E.g., ~6-16% higher labor productivity in efficient buildings, higher throughput and quality in efficient
factories, better clinical outcomes in efficient hospitals, fresher food in efficient refrigerators, better visibility
with efficient lighting, etc. Just counting such side-benefits can, for example, double the efficiency gains in a
U.S. steel mill at the same cost.

23. INS5DRADHDIE. MBEDRAUNSEKD, fc&ZiE. NS TEMBREDOERVNWEY 25 —8DT
OYz¥ybhid,. REKTEBREDOEWN B, 7OV /&0, @Y XVMMEL, BERREIRILF—RIE. B
PEROZE Y XV ICHT 2Ny VERET S, Th5D 207 ORKIF. HE FITI/ X6 &0 Ty o - A7 -
YAV —) EHBOIROXET. T—FICEDEHAINTLWS, AB. Lovins, EK. Datta, T. Feiler, K.R. Rébago,
J.N.Swisher, A. Lehmann, & K. Wicker, Small Is Profitable: The Hidden Economic Benefits of Making Electrical
Re- sources the Right Size, 2002, Rocky Mountain Institute (Snowmass CO), www.smallisprofitable.org.

24. For windpower in the three power pools that span the central U.S. from Canada to Texas: J.
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Traube, L. Hansen, B. Palmintier, & J. Levine, “Spatial Interactions of Wind and Solar in the Next Generation
Utility,” Windpower 2008, 3 Jun 2008 (to be posted shortly at ert.rmi.org).

E.g., an integrated retrofit of efficiency, demand response, and 1.18 MW of PVs at the Santa
Rita Jail in Alameda County CA easily met a 10%/y IRR hurdle rate—the $9-million project achieved a
present-valued 25-year benefit of $15 million and hence would have made money even without its $4-million
state subsidies—because on the hot af- ternoons when the PVs produced the most power, the efficient jail
used little, leaving a bigger surplus to resell to the grid at the best price. Or my own household can run on
~120 average W (a tenth the U.S. norm), obtainable from 3 m2 of PVs—a system cheaper than connecting
to wires 30 m away. If built today, my household would need only
~40 average W, from 1T m2 of PVs—a system cheaper than connecting to wires already on the side of the
house. Both these comparisons assume free electricity; their point is that superefficient end-use can make
the breakeven distance to the grid, beyond which it’s cheaper to go solar than to connect, drop to about zero.
febldccTld, EABRBEEZERIIDICHDELRIVEDORERULANILOIRILF—FEEICAN TV,
. XEEOERIIEBYREYER. ERUOERNSOT IV OHE. RIEZOITHOBEOERS AN TV
W, K. Sovacool, En. Pol. 36:2490-2953 (Aug 2008) W SDOFBEEHEL TWB, Fik. BRFADIXI/ILF— -
A7y b EBBENRFREICEL TRITSNTWS 103 ORFRERE Uic, 10 EUER>TWEHD, RETHRWD
D, BETHEWEDERWER. DD 19 (&, gCO2e/busbar kWh {EAY 14~18 T, L 66 IZofco I
BEYAUI - AADRKRBEDOHK 7 20 1 £H KEEHRD 2 5. ZU T REOELRAAND 7 FTHS, LML,
OB, HBWE. A-B-OEVYXE J- 754N 1977 EICFHBALE. 6> EXRFILREDT—4 (Non-Nuclear
Futures, Ballinger, Cambridge MA, Part ll) &, ZZTIRIFEAEBRIBVEE>TWVWWESE S, BEKRS, TODET
RUEBEDLELS DBWRENERIANDANT > CEZTHELN S TH D,

Since its recovered heat displaces boiler fuel, cogeneration displaces more carbon emissions per kilowatt-
hour than a large gas-fired power plant does.

LHLZZTRES N L DEVWRIINRAA X MH@iE (100 5 BTU Hfcb 2007 Fi9F{RIL - AR K 7.72)
ROSHOEWREFAIRARNEZFES & BEY A VIILESBRIE. RILELDICLT. BFAHALDEZLLDORREZHRTES
MELNEL, hiE. CTTRESNTWBMARTEERZ2NH LGN, Thid. &Y 1 7L EBFMOAREREE
nEE ) [BORAREKR] ZEVICERULICIBEETHSD, CORAIKED. BETVILEBIF. BADOLS%E, £hU
Y=Y TCRWEESRBEEIRILT—REHTEL. ZOFBAEIREICT 3,

RFHEZERF. BROBFRBIEBICEREDOSHZ2ENELEETZINS, 1 H24KH - B7 HEGS KT 10RE
Ty MREOREMEZEHIFLBRTNIERSBVWEE SN, COEREENTTVWS, EABREBNERES 100%DOEEMEE
TRV, FAREDEREILE. TOREI-ZY AIIREHBHDTHIHE. EDDIFBERIREV, H5. BEHR
#HiE. FRHREROELELLH > THEEEOHZENRIEZRIET 2/HIC. REMZDE, BEGEERNZES,
R UCEIEH DM, ZEERINFREICTFATEZIBLAOBEAREIRILT—RELZHE> TWBHEICH, AKOC
ENBEAZIND, LML, Zhid. 3B BTHS, 200 ULDOEBEHHARKRY 11 OREDHEN N zEFISN %< 8F
SMcLTWS (ref.l (pp22-27) BRB) « RAY, ARA Y, FYN—IDEDEZWHIFIZ., T TICIhZEIFRALT
W2, FEOBARELED 20—39% (Z L THRICIFHIROFED 100%UE) 2. BEABEIRILF—RT. ALE
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New Energy Finance found only a 4% drop in 3Q08 renewables financing, and recent datal.2

suggest a robust, even growing, solar sector despite grave financial distress and accelerating decline in the
central-station business.

A thorough database of industry and official data sources is posted and updated at
www.rmi.org/sitepages/pid256.php#E05-04. Similar renewable energy data are at www.ren21.net.

A policy agenda for removing many of these obstacles is in the last section of Small Is Profitable

(ref. 31).

Data for decentralized gas turbines and diesel generators exclude generators of less than 1 megawatt
capacity.

O. Bailey and E. Worrell, “Clean Energy Technologies: A Preliminary Inventory of the Potential for Electricity
Generation,” LBNL-57451, Apr 2005, http://repositories.cdlib.org/lbonl/LBNL-57451/.

All documented in ref. 1.

A.B. and L.H. Lovins and L. Ross, “Nuclear power and nuclear bombs,” Foreign Affairs



