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B Commercial buildings: 18% of US energy consumption - %ERD ecoramizer = WERD gy +0.4708x %ERD, . +0.4286x %ERD,,, + Y. %ERD, x p;
. . j=others
Potential for energy savings %ERDencs = %ERD, ., +0.4708x %ERD,y1ozer +0.4185x %ERD,,, + > %ERD; x p;
B Debate around rebound effect > _ j<ofrers
.. . : %ERD.ay = %ERD,, +0.4185x %ERD, ., +0.4286x %ERD, e + O, NERD; % p;
Energy efficiency increases energy consumption? e
* Most studies do “engineering estimate” or assess The direct Upper bound: Lower bound: all
“technical potential” - Hard to tell the net energy savings estimate is a ignore other lighting energy use
after rebound effect combined effect Mtechnologies (21%) reduced

» Very rare empirical work using econometrics to evaluate )
the actual energy savings, net of all social factors Detailed Model Results
B Energy price elasticity estimates

* Rarein commercial sector Model number ! 2 s !
LHS=In ( electricity ion / area) No technology | EMCS Economi VAV system
f Normalized In (Electricity price) -0.8431 | % -0.6854 | *** -0.7232 | -0.9034 | ***
Research Questions _
price In (Natual gas price) -0.0301 -0.0405 0.0011 -0.0152
. . . Technology a A 05709 [ | -0.4343[ | -05552]*
O What is the net impact (net of rebound effect) of the adoption adoption o 04540 | o4ss0|= | oaser|*
of energy efficient technologies on electricity consumption? REI N oot o 000> T o ooz o
. . .. .. . Owner type owner occupies or not -0.0161 -0.0827 | ** -0.0312 -0.0322
EWhat are the price elasticities of electricity consumption of Number of floors 0.0000 “0.0001 0.0000 -0.0001
commercial buildings? Sizeof thebullding |, . (quare feet) AGME | | 6.80E-07 | | 5.53E-07 |+ | -6.77E-07 [+
! o7 o8 99 o
months in use past year 0.0469 0.0403 | *** 0.0234 | ** 0.0403 | ***
TeC h n I C al Ch al I en g eS Building usage hours in use per week 0.0054 | *** 0.0045 | *=* 0.0047 | ** 0.0046 | =
number of workers 0.0002 0.0002 | *** 0.0002 | *** 0.0002 | ***
Vacant -0.7732 | = 0.9317 [+ | 05062 [ | -0.8899 [***
ndogeneity among energy price . . office 0.2042 | * 0.0341 0.1644 0.0944
1 A ok .. .. .
E adopt|0n of energy efficient Laboratory 0.6189 05987 | 05558 | | 0.4827 | ™
technologies and electricity consumption Nonrefrigerated 07604 | | 07291 | | 0688 |t | 06925
1. Positive correlation between energy intensity/consumption Food sales 09049 |+ | 09603|+ [ 10299 [ | 10537 |
. .. . o _ Public order and safety | -0.2536[* -0.3237 [ * -0.2415 [ * -0.2892 [ *
and the adoption of energy efficient technologies (Andrews Principal building [ atient health care | 0.2884 | = 00714 02389|* | o407
and Krogmann, 2009 a) = Rebound effect really that strong? (e L6 WA 07180 " | 07229 " | 08922|"t| 07236
Shopping mall and | public assembly -0.1745 -0.3684 | ** -0.1017 -0.2412 | *
SAMPLE SELECTION BIAS i) Education -0.2507 | = -0.4764 | -0.2093 [ = -0.3800 | ***
: : . : Food servi 1.0680 | = 1.0882 | = 1.1796 | = 11281 |+
2. Average energy price is a function of energy consumption > npationt health care — —— — =
Deep literature in residential, very few in commercial Nursing 03961 [ | -04036|~ | -02830|* | -04433|
Lodging -0.6508 | = -0.5304 | ** | -0.4950 [+ | -0.5134 [
Retail other than mall 0.0827 0.0315 0.1394 0.1857
M () d el S Service -0.0893 -0.0438 00145 -0.046
Before 1920 -0.7907 | =+ -0.7030 | *** -0.4785 |+ | -0.6030 |+
i 1920 to 1945 -0.3915 | = -0.3592 | -0.2185 |+ | -0.2100 [
B Structural models I f(q.,,C;,U,)dg, : marginal electricity price \ T 'Z FoEs el Sl s T sl
_ ijtr > ijt : quantity of electricity consumption Building age (Base [o-o= o _0'2527 oy -0.2349 oy _0'1340 = -o.oaes
H H = : vector of the cost shifters for case: 2000-2004) = 2 = =
® Average price equation p; I electricity generation in region j 1970 to 1979 -0.0963 -0.0781 -0.0062 0.0048
i i Tij : aset of dummy variables 1980 to 1989 -0.0724 -0.0919 -0.0169 -0.0124
® Technology adoption equation (probit model) indicating where a building 1990 to 1999 00437 -0.0477 0.0153 -0.0180
. purchased the elec_trl_clty from " W GEmSEE The categories include:1) Brick, stone, or stucco; 2) Pre-cast concrete panels;3) Concrete
T =1 if Slj = E[Eij ‘Tl = 1] 4 r(Z|) = E[EIJ ‘Tl = O] <0 : the expected electricity expenditure material block or poured concrete; 4) Siding, shingles, tiles, or shakes; 5) Sheet metal panels;6)
! L. . : QUmmy of adoptlng an technqlqu Window or vision glass;7) Decorative or construction glass. None of these are significant.
® Electricity demand equation (reduced form) : index of energy efficiency policies oot construction | The categories include:1) Built-up; 2) Siate o tile shingles; 3) Wood shingles/shakes/other
= : a vector of building characteristics 0? (;olns TUetion 1 yo0d; 4) Asphalt/fiberglass/other shingles; 5) Metal surfacing; 6) Plastic/rubber/synthetic
In Qij =u+ ,8 In pij +y In ngpij ar 5X, ar T]Y] Tr HTI s gij +TiVij : avector of region characteristics material sheeting; 7) Concrete; 8) No one major type; 9) Other. None of these are
. . .pe Pij: natural gas price / Percentage of The categories include: 1) 10 percent or less; 2) 11 to 25 percent; 3) 26 to 50 percent; 4) 51 to
n Se|eCtI0n bIaS e MOdIerd Heckm an mOdel n A N e exterior glass 75 percent; 5)76 to 100 percent. None of these are significant.
E(nQ,)=E(InQ, ‘T. ~1)Pr(T; =1)+E(InQ, ‘T. =0)PrI(T, =0) verage price Constant -5.8825 [ = -41378] = | 43335 [ | -5.9332]
_ TWO Stag e |eaSt Number of observations 2815 2176 2481 2764
E(nQ,)= 1+ (- 1) + Bln B, +7Inngp, +5X, + 1Y, + (o, -0, ), Adj R-squared 05186 0.5142 0.5043 0.5213
1-a( c 2 X y U )g @ @ squares F-statistic 58.20 42.85 46.87 55.71
where —OWo +WiC HYL i YR Y, Y H Ui ) = & Note: *** p<0.01, * p<0.05, * p<0.1.
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Data Major Findings

Energy Managf::ﬂégé%ﬁsiz (EMCS) and Economizer anaNEzlizngilcty Consumption Commercial Tec h no | 0 g y EM CS EC onom | zer VAV
- . — 5 Enray % electricity 16.22~27.22 0.26~11.03  14.69~26.47
s e i3 Y el consumption reduction
g5 E Survey (2003); i ; . ) )
gL i Technologies Elrlc? . Own price -0.8431 0.6854 0.7232
2 Mean=2.10 < Mean=2.31
0 analyzed-> asticties T
o e T s e T T | AvAC s of Natural gas Not significant
In (KWhisq ) In (KWhisq energy use
Variable Air Volume (VAV) System and Correlation coefficient EMCS Economizer | VAV system C | .
Electricity Consumption EMCS 1 0.4708 0.4185
N=2764 04708 1 04286 O n C U S I O n S
1 — VAV system 0.4185 0.4286 1 - -
3 — T HlAfter rebound effect, there are still net energy savings
i EE T 02172 o 2255 B0 2111 of adopting energy efficient technologies for commercial
S l““, Auto controls on lighting 0.1583 0.1697 0.1853 . . R
g Mean-2.21 Skylighs or lighting o183|  ozoa| oarm buildings > Promote energy efficiency
o s 4 A o ) A R Tinted window glass 0.1751 0.2221 0.1801
i emsaty Dremigetas | o] s awes B Commercial buildings are price sensitive in terms of
peent ceylight 0057l 003|000 their electricity consumption = Pricing or tax policies

will be effective
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