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Introduction

Data Contd.

 Commercial buildings: 18% of US energy consumption Æ
Potential for energy savings
 Debate around rebound effect Æ
Energy efficiency increases energy consumption?
• Most studies do “engineering estimate” or assess
“technical potential” Æ Hard to tell the net energy savings
after rebound effect
• Very rare empirical work using econometrics to evaluate
the actual energy savings, net of all social factors
 Energy price elasticity estimates
• Rare in commercial sector

Research Questions
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What are the price elasticities of electricity consumption of
commercial buildings?

Technical Challenges
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pij : marginal electricity price
qij : quantity of electricity consumption
Cj: vector of the cost shifters for
electricity generation in region j
Ui: a set of dummy variables
indicating where a building
purchased the electricity from
Eij: the expected electricity expenditure
Ti: dummy of adopting an technology
Zj: index of energy efficiency policies
Xi: a vector of building characteristics
Yj: a vector of region characteristics
ngpij: natural gas price

, C j , U i )dqijt
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z Electricity demand equation (reduced form)
ln Qij = μ + β ln pij + γ ln ngpij + δ X i + ηYj + θ Ti + ε ij + Tiν ij

 Selection bias Å Modified Heckman model

 Average price Å
Two stage least
squares

E(ln Qij ) = E(ln Qij Ti = 1)Pr(Ti = 1) + E(ln Qij Ti = 0)Pr(Ti = 0)
E (ln Qij ) = μ + (μ − μ )ai + β ln pij + γ ln ngpij + δ X i + ηYi + (σ ε 0ω − σ ε 1ω )ci
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1 − Φ (ψ 0 + ψ 1C j + ψ 2 Z i + ψ 3 X i + ψ 4Y j + ψ 5U i ) = ai
where
Φ(ψ 0 +ψ 1C j +ψ 2 Zi +ψ 3 X i +ψ 4Yj +ψ 5Ui ) = bi , φ (ψ 0 +ψ 1C j +ψ 2 Zi +ψ 3 X i +ψ 4Yj +ψ 5Ui ) = ci
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Wall construction
material

The categories include:1) Brick, stone, or stucco; 2) Pre-cast concrete panels;3) Concrete
block or poured concrete; 4) Siding, shingles, tiles, or shakes; 5) Sheet metal panels;6)
Window or vision glass;7) Decorative or construction glass. None of these are significant.

Roof construction
material

The categories include:1) Built-up; 2) Slate or tile shingles; 3) Wood shingles/shakes/other
wood; 4) Asphalt/fiberglass/other shingles; 5) Metal surfacing; 6) Plastic/rubber/synthetic
sheeting; 7) Concrete; 8) No one major type; 9) Other. None of these are significant.

Percentage of
exterior glass

The categories include: 1) 10 percent or less; 2) 11 to 25 percent; 3) 26 to 50 percent; 4) 51 to
75 percent; 5)76 to 100 percent. None of these are significant.
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Models
 Structural models

% ERD j × ρ ji

Lower bound: all
lighting energy use
(21%) reduced

Model number

Building usage

Endogeneity among energy price, adoption of energy efficient
technologies and electricity consumption
1. Positive correlation between energy intensity/consumption
and the adoption of energy efficient technologies (Andrews
and Krogmann, 2009 a) Æ Rebound effect really that strong?
SAMPLE SELECTION BIAS
2. Average energy price is a function of energy consumption Æ
Deep literature in residential, very few in commercial

∑

j = others

% ERD j × ρ ji

Detailed Model Results
Normalized
average energy
price

 What is the net impact (net of rebound effect) of the adoption
of energy efficient technologies on electricity consumption?

Upper bound:
ignore other
technologies

% ERD j × ρ ji

j = others
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The direct
estimate is a
combined effect

∑
∑

j = others

0.2651

0.2346

Specular reflectors

0.2361

0.261

0.257

Electronic ballasts

0.2172

0.2333

0.2111

Auto controls on lighting

0.1583

0.1697

0.1853

Skylights for lighting

0.183

0.2021

0.1724

Tinted window glass

0.1751

0.2221

0.1801

Reflective window glass

0.1417

0.146

0.1753

External overhangs

-0.0296

-0.0152

0.0222

Percent daylight

-0.0574

-0.043

0.0037

Without correcting the bias, misleading conclusion that
rebound effect leads to negative energy saving!

Conclusions
After rebound effect, there are still net energy savings
of adopting energy efficient technologies for commercial
buildings Æ Promote energy efficiency
Commercial buildings are price sensitive in terms of
their electricity consumption Æ Pricing or tax policies
will be effective

