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Chapter 3. Raising Energy Efficiency

1. huernational Energy Agency (IEA), En-
gy Comervation m [EA Countries (Paris: Or-
gansation for Economic Co-operation and
Development (OECD). 1987), In this chapter
the term energy s meant to include only
commercial energy: tuclwood and sinular de-

veloping-country subsistence energy sup-
plies are not included.

2. National energy clficiency s measured
in energy consumption per dotlar of gross
national product, based on data in [EA, En-
ergy Conservation i 1EL Connines: cconomic
swvings  from cthicieney trom Arthur H.
Rosenteld. Director, Center tor Building Sai-
ence, Lawrence Berkelev Laboratory, “Fae
ergv-Efticient Bulddings: The Case tor R&D.
Testimony in Hearing on Conservation and
Renewables. Subcommittee on Energy Re-
search and Development. Commitiee on k-
crgy and Natural Resources. US. Senate,
March 26, 1987,

3. Energy Poliey Project of the Ford Foun-
dation. . Tome to Chaove: Dmevica’™s Energy Futiae
(Cambridge. Mass.: Ballinger. 1974 UNS.
Department of Energy (DOE). Energy [nlor-
mation Administration (E1A), Monthly Evergy
Revww. February 1987,

4. For a discussion ot various energy tore-
casts, see John H. Gibbons and William U,
Chandler. Energy: The Comservation Revalution
(New York: Plenum Press, 19811 on nuclear
power, see Christopher Flavin, Reasweving
Nuelear  Power: The Fallowt From  Cheruoind.
Worldwatch Paper 75 (Washington, D.C.:
Worldwatch Institute, March 1987,

5. IEA. Energy Comervation i TEA Countries,

6. Ed A. Hewett, Enerey. Economis, and Fore
eagn Poliex i the Soviet Umon (Washington.
D.C.: Brookings Institution, 19841,

7. Arthur H. Rosenfeld. “Conservaion
and Competitiveness,” Testinony in Hew-
ings on Economic Growth Opportaniies i
Energy Conservation Rescarch, ‘Task Foree
on Community and Natural Resources. Bud-
get Committee. U.S. House ol Representa-
uves, Washington. D.C.. Julv 15, 1987,

3. Eric Hirst et ab., Energy Efficiency i Buld-
mygy. Progres & Promuoe (Washinguon, D.C
American Counal tor an Energv-Eilicaoent
Economy, 1O86): aviavon industry status

trom Bocmg, [ne. Scade. Washe, private
Conunucatons, Sepiember 1987,

9. Arthur - H. Rosenteld  and  David
Hatemeister. “Encrgy-bthaent Buildings:
Davids vs. Golath,”™ Seentipe dmevican, torth-
commng: “EPA Milcage Test Resulis.” Wash-
sngton Post, September 210 1987,

10, Douglas Cogan and Susan Williams,
Generatting Enerey Aievnatices. TUST Ediion
iWashigton, D.C: Investor Responsibilits
Research Center, HOST).

11. Elhcienes data trom [EAD Evergy Con-

wrvethon e LEA Conntries,

12 Roger W, Sant e al. Coating Abun-
danee: Lmevieas Leant Cont Energy Strategy (New
York: MeGraw-Hill, 19840 Alan K. Meier et
al.. Saving Energy Through Greater Efficieney
tBerkelev: Universin ot Calitormia Press,
LOR 1: for current progress in U8, least-cost
planning, see Energy Conservauon Coali
uon. A Brighter Future: State Actions in
Least-Cost Energy Planning.” Washington,
D.C. December 1987,

13. Churchill quoted in K.E. Gouodpaster
and KM Savee. Ethus and the Problems of the
Twentv-Firt Century (Notre Dame, Ind.: Ui
versin ol Nowre Dame, 1970 [EA, Energy
Ceamvers atton o TE L Countries,

14. For mduswial market countnies, see
TEA. Energy Conservation e [E. Countries; for
Uhird World. see. {or example, Oscar Guz-
man et al.. Ennrgy Efpoeney and Conservation in
Meven (Boulder. Colo.: Westview  Press,
19%7): tor centrally planned economies, see
Willuun UL Chandler. The Changing Role of the
Market i Natwnal  Economies,  Worldwatch
Paper 72 (Washington. D.C.: Worldwatch In-
stitite. September 1986).

13, Howard 8. Geller, “End-Use Electrice
iy Consernvation: Opnons for Developing
Countes.” Energy Depariment Paper No.
320 Waorld Bank. Washington, D.C.. 1936:;

José Goldembery eval., Enevgy for Drvelopment

(Washington., D.C.: World Resources [nsu-
fuee. JO87)

16. [EA. Energy Comvervation in 1E 1 Coine

mies: Hivst et all, Progres & Promse.
[

17, Lee Schipper cval Conmng on prom the
Cold: Energy-Wae Housng in Sieeden (Washing-
ton, D.Co Seven Locks Press. TO83): on
United Ringdom, see *"The 36 Church Road
Svadrome: Nice but not Elhaent,” Energy

SRR A



Economnt (Financial Times Business Infor-
mation.  London),  August 19370 Charles
Goldman. “Measured Energy Savings from
Residential Retrofits: Updated Results trom
the BECA-B Projects.” in American Council
tor an Energy-Efficient Economy (ACEEE).
Proceedings of the 1984 JCEEE Summer Stuely on
Enerey Efficienss m Bldings, Vol. B (New and
Existing Single Family Residences) (Wash-
wgton. D.C: 1984,

IN. Hirst et al.. Progress & Promae: Deborah
Bleviss and Alisa Gravitz, Energy Comvervatum
and  Exnting Rental  Houwsng  (Washington.
D.C.: Energy Conservation Coaliton, 1984):
[ssue Brief: Alliance Eiforts to Improve Res-
idential Energy Audits.” Alliance o Save En-
ergy. Washingion. D.C.. Scptember 1987,

19. A degree-day is a measure of winter-
time severityv: indexing efliciencs o degree-
davs takes account ot different heaung re-
quirements.  These  homes  are ol
rraditionally heated, not emploving passive
solar techniques. José Goldemberg et al..
= An End-Use Oriented Global Energy Suat-
egv”in Annual Reviews, [nc.. bmual Review
of Enervgy, ol 10 1Palo Alto, Calit: 19850

20, Schipper et ab. Corng s prom the
Cold: William A, Shuechilf, “Supermsulated
Houses™ in Annual Reviews, [ne. dunnal Re-
view of Enengx. Dol 11 (Palo Alto. Calt:

1986).

21, Les Gapav. “Heat Cheap e Cold
Country.” Puble Power. Julv/August 1O86:
Liz Fox quoted in Perer Tonge. “Energy Ef-
ficieney vs. Frlls” Chontian Saeme Mondor,
September 18, 1987, On residential clli-
cieney in general, see ACEEE. Procevdings from
the ACEEE 1986 Summer Stuy on Enervgy Efh-

ceney n Buddings, Tol. 2 (Small Building
I'ecchnologies) (Washington., D.C 1986),

22, In these energy consumption higures.,
cledricay s expressed in energs condent ot
the tuel required in generation rather than
the energy content ot the electricity selt.
Roughly two thirds ot fosstl tuel encrgy is lost
o clectrnion generaton, Rosenteld  and
Hatemaster, “Davids vs. Goliath,” U780 sav-
ings potenual is a Worldwatch Insunue esa-
mate huased on ihd. and on DO ELA,
Muonthly Enerey Revreie, Mav 1987 On com-
mercial building cificieney o general. see
ACEEE. 1986 Summer Studds. Vol 5 (Large
Building Technologies).

23, Rosenleld and Hatemeister, “Davids
ve. Gohiath™: Kate Miller, Commercial Build-

ing Energy Conservaton Otlice. Bonneville
Power Admuoustration. Portdand. Orve.. pri-
vate communication, August 28, 1987,

24, Herb Brody., “Energv-Wise Build-
ings.”" fhgh Technology, February 1987; Ha-
shem Akbar etal, “Undoing Uncomfbortable
Summer Heat Islands Can Save Gigawates ot
Peak Power.” ACEEE 1986 Suwmmer Study, Vol.

. Arthur Ho Rosenleld  and  David
Halemeister, “Energy Conservationn Large
Bulddings.” in David Halemeister eval., eds..
Energy Soree: Comervation and - Renweiwables,
Conterence Proceedings No. 133 (New York:
Amertcan [nstcute of Physics, 1985).

26. Rocky Mountain Institute, " Advanced
Electriciv-Saving - Technologies and  the
South Texas Project,” Old Snowmass, Colo.,
LORG. These esumates have undergone scru-
tiny and been corroborated by a review per-
tormed tor a Massachusetts utilitv: see Bos-
ton Edison Review Panel  (William  Ho-
wan. chawy, Final Report. Vol 2. Appendix 6
(Boston. Mass.: Boston Edison Companty.
1987).

27, Brody. “Energv-Wise Buildings™: Ste-
phen Sclkowitz, “Window Performance and
Bulding Energy Use: Some Techical Op-
tuons for Increasing Energy Ethicienes.”

Halemesster eval., I‘Jm'vg\ Nowerees: Conervation
and Renewabie,

28,0 All the models discussed  here are
comparably sized. 16 10 IX cubic teet, except
tor the Damsh-built model. which is 20 cubic
teet. forgen Norgaard. Technical University
ot Denmark. Lyngby, Deamark, private come
munications, October 28=29, 1987 Howard
S. Geller, “Energy-Elficient Residental Ap-
phances: Performance Issues and Policy Op-
uons.” {EEE Technology and Sucwety Magazine,
March 1986: David B. Goldstein and Peter
Miller, “Developing Cost Curves tor Con-
served Energy in New  Redrigerators and
Freezers.” ACEEE. 1956 Swmmer Study. 1ol |
tAppliances and Equipment).

20. Geller. “Energv-Ethaent Residenual
Appliances.”

30. Cost-ol-saved-energy figures are cal-
culated by dividing the annualized cost (an
ellictent model’s extra purchase prices by the
annual energy savings: see Meier et al., Sa-
iy Enevgy Through Greater Efficieney.

31, Hirst et al., Progress & Promse.

32, The erm large power plant is meant
wimply a 1000 megawatt plant: Geller, “kEne
crgy-Ellicient Residental Applianees.”

-\EYo



33. Rosenteld and Hafemecister. “Davids

vi. Goliath,™
34. Ibid.: Geller,
dential Appliances.”

“Energy-Efficient Resi-

35. William R. Alling. Electronic Ballast
Technology, Inc.. Testimony in Hearings on
Economic Growth Opportunities in Encrgs
Conservaton Research, Task Force on Gome
munity and Natural Resources, Budget Come
mittee. US. House of Representatives, Juls
13, 1987 Arthur Rosenteld,  Lawrenee
Berkeley Laborators, Berkeles, Calit.. prisaie
commumecation. October 23, JOX7.

36. New England Energy Polics Council,
“Power to Spare: A Plan for Increasing New
England’s Competitiveness ‘Through Encray
Etlicieney.” Boston. Mass.. 1987 Boston Edi-
son Review Panel. Final Report; Samuel Ber-
man. “Energy and Lighung ™ in Halemeister
et ab. Enevgy Sowrces: Comersation und Rewvie-
ables; Calitorma Energy Commission cited in
Rocky Mounain Insutute. “South  Pexas
Project.”

37, IEA. Energy Comercation i 1E1 Coun-
mes: DOE, Internatinnal Energy Aunual 1984
tWashington, D.C.: 1985): DOE. Aunual £n-
gy Revirwe 1985 (Washington, D.C.: {986):
Othee ot Conservation, “FY 1988 Encrgy
Conservation Multi-Year Plan,” DOE. Wash-
ngton. D.C..1986: estimate ot worldwide
carbon emissions trom transportation based

A0 fossil fuel carbon emissions model o

Ralph Rouy, University of New Orleans (fos-
merly of Institue tor Energy Analvsis. Quk
Ridge Associated Universities. Quk Ridge,
Fenno. private communication, June 16,
YORT: carbon enussions tor Amenican car
based on Jim MacKenzie, “Relative Releases
ot Carbon Dioxide from Ssynthetic Fuels,”
World Resources  [nstitute, Washington,
D.C.. unpublished memorandum. June 10,
1987,

38. A public car talso called a ey s
a private vehicle like a wxi that runs on well-
traveled routes. transporting several passen-
gers atonce. The ethcienes of mass ransid is
primarily determimed by how tully it is used.
Empty buses and trains are no more ctficient
than autos. For comparisons of different
mades. see William U, Chandler, Energy Pro-
ductecis: Kev o Enzironmental Protection and Ec-
annme Progress, Worldwatch Paper 63 (Wash-
ington. D.C.: Worldwatch Institute. January
1983y, \\huh shows cilicieney of European
tansit modes. where buses and trains tend 1o
be well used. But compare Mary C. Holcomb
ctal. Tramportanon Energy Data Book, Edition

9 1Oak Ridge, Tenn.: OQak Ridge National
Laboratory, 1987), which shows the relativ ely
minor differences among modes in the
United States. where mass transit is un-
derunlized.

39, TEA. Energy Comervation {E.l Coun-
i Fuel economy ratings are composite
tigures. caleubited as a woighted average of

53 percent urban (lrumg and 43 percent
highway driving. All Ilqurm are cither trom
U.S. Environmental  Prowection Agency
(EPA) or are normalized 10 EPA's wan-
dard test (except in Fable 3-3. which is nor-
malized 10 the European urban test). Al
though EPA ratings were once consistentls
above actual road  performance, adjust-
ments of their techniques now improve their
aceuracy. To convert from MPCG o liters
per 100 kilometers, divide 235 by the
MPG hgure.

0. Deborah Bleviss, The New Ol Crivis and
Fuel Econnmy Trchnologes: Preparmg the Light
Tramportation Industry for the 1990 (New
York: Quorwn Press. in press).

41, Ibhid.
12, Ibid.
43, Ihd.
+4. Ihid.

43. Ihid.: Juck Paskind. California Air Re-
source Board. Sacramento, Calif.. private
communication, August 27. {987; Jell Alson.
Assistand to the Director. Emissions Control
Technology  Division, EPA. Ann  Arbor,
Mich.. private communication. September
29, 1987,

46. Bleviss, The New Od Crises: US. Con-
gress, Office of Technology  Assessiment
(OTA)Y., Ineveased Ltomobile Fuel Efficteney and
Syuthetic Fuels: Mirrnatives for Redusing Ol Im-
ports (Washington. D.C.: US. Government
Printing Olftice. 1982).

47. [EA. Energy Comervation m 1E.1 Conn-
tres: DOE. EIA. Monthly Energy Revine, April
1987 DOE. “Energy Conservation Indica-
tors 1984 Annual Report.”  Washungton.
D.C.. 1983: Lee Baade., EIA. DOE, Washing-
ton. D.C.. private communication. October

1987,

48, Mare Ross. “Current Major Issues in
Industrial Encrgy Use.” prepared for Office
of Policy Integration. DOE. October 24,
19386,

1. Id.: Adam Kahane and Rav Squatiert,
“Rlecinan Use o Manufacturing.” i Ane

-\éY.



nual Reviews, Inc. dnnnal Reviewe of Enerey,
Ual. 12 (Palo Alto. Calil: in pressy.

30, IEA. Enerey Comervation i E.1 Coun-
piev: Guzman et al., Evergy Efhowney and Con-

wivahon tm Meswo,

31, Mare Ross. “Industrial Energy Con-
wervation.” Natwral Resowrens Jonal, August
1084,

32, Kahane and Squitieri. “Electricitn Use
i Manutactaring s Electric Power Research
nsutte. CElectrotechnology  Reterence
Guide.” Palo Alta. Calit.. Apnil 1986,

33, Ross, “Major Issues in Indusuial En-
ergy " Chandler, Energy Productizny.

34. Ross. “Industrial Energy Conserva-
tion’ Marc Ross. “Industrial Energy Con-
<ervation and the Steel Indusers.”™ Energy, The
Diternational Octobher/November

1ORT.

Jowrnal.

35, OTA. Indusinal Energy U (Washing-
ton. D.C.: U.S. Government Printing Othee.
1983); Edison Electric Institute, 1985 Ca-
pacity & Generation, Non-Utilits Sources of
ENergs.”  Washington,  D.C. 1987
Norgaard. prvite communications.

36. Edison Elecaric, 71985 Capaciy &
Generation™; Federal Energy  Regulatory
Comuission {FERC). "The Qualifving Facihi-
tes Report,” Washington, D.C.. January L.
[

37. FERC, “Qualifving Facilities Report™
“Cogeneration.” Pueer. June 1987: “GE
Plavs the Cogeneration Card,” Energy Daily.
August 6. 1983: Donald Marier and Larry
Stowaken. “Financing @ Mawuring Industry.”
Altevuatice Sources of Energy. Mav/june 1URT:
Mucller Associates, Ine.. “Cogeneration’s
Retal  Displacement Market,”  Hiernative
S of Energv. June/ZJuly 1986: Donald
Marier and Larry Stomken, “Surviving the
Coming  [ndustn Shakeout.”™  liernatice
Sonrer of Energy, Mav/June 1987,

58. Roger Nuill. Applicd Energy Scrvices.
Arlington, V.. “Cogeneration aund Small
Power Production.” presentation ro Fucrgs
Policy Forum. Airlie. Vi, June 16, 1987

39. Breakdown ol cogencraton  from
FERC. “Qualitving Facilities Report™s O TA,
Industrial Enevgy Uwe.

50, Robert Williams et al.. ~Matenals,
Attluence. and Energy Use.” in Annual Re-
views. Annuad Reviee of Energy, 1ol 12

61, Geller, “Options  tor  Developing
Countries™:; Lee Schipper and Stephen Mev-
ers. "Energy Conservation in Kenva's Mod-
ern Sector: Progress Potential and Prob-
fems.” Energy Poliry. Scptember 19830 G.
Anandalingam, “"The Economics ot Indus-
trial Energy Conservation in the Developing
Countries.” in R.K. Pachauri. ed.. Global En-
erey Intevactions (Riverdale. Md.: The River-
dale Co.. Inc.. 1987).

62, Based on [EA. Energy Conservation in
1E.1 Countries.

63. Donella H. Meadows et al.. The Lin-
iy 1o Growth (New York: Universe Books.
1972).

64. Worldwatch  Insutwte  caleulations
based on data trom [EA, international Road
Federation. and Rotts, private communica-
tion.

63. British Petroleum Compans. 8P Statis-
neal’ Reviwe of World Energy (London: 1987);
DOE. EIA. Monthix Energy Reviewe, Mas LYNT:
Christopher Flavin et al.. “"The Oil Roller-
coaster.”  Fund tor Renewable  Energy
and the Emironment, Washington, D.C..
L1987,

66. Flavin et al.. "The Oil Rollercoaster.”

67. DOE, EIA. Monwthly Enerey Revwewe
April 1987 U.S. ail savings, Worldwatch [n-
stitute estpnate based on ibid.

6a. Flavin et al.. " The Od Rollercoaster™
Bleviss, The New Ol Cro.

69. ACEEE. Jdcd Rawn and Electinty Conver-
vaton (Washington, D.C.o 1O87).

T Worldwatch Institute esumate hased
on data trom [EA and Rows, private commu-
Heation.

71 Worldwatch Insomite esonnate based
on Rosenteld. “Consenvation and Compen-
teness.”

72, Current global expenditures on cth-
aeney amprovements is Worldwach Insinie
estimate. based on Rosenteld, “Conservatuon
and Competitneness™ s R&D budgets Trom
[EA. Energy Poltcies and Progranames of 1EA
Comntnies, 1986 Reviee (Panis; OECD. 19875,

73, Carbon data trom Rottv, private come
munication,

74, Demus Miller, Energy Engmecring
Board. Natonal Academy of Sciences. Wash-
ington, DG private communication. No-
vember 6. 1987 Amorny Lovins, Rocks Moun-
i Institute, Old Snowimass, Colo., private
communicaton, November 4, 1987,

-\¢¢-



75. International  Institute  [or  Applied
Svstems Anahsis, Energy moa Finste Wonld:
Paths 1o a Swstwnable Future  (Cambridge.
Mass.: Ballinger Publishing Co.. 1O81).

76. José Goldemberg et al., Energy Jor a
Sustamnable Waorld (Washinglon, D.C.: World
Resources [nstituee, 1987).

77. Directorate-General tor Energyv. En-
vrgy e Ewsope: Energy Policies and Trends m the
Enropean Conmunity (Luxembourg: Commis-
sion ol the European Communities, 1987).

-\¢o.





