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and the Rebound Effect

Workshop organized by: 

Welcome to the first of two workshops on:
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Lester Lave (1939-2011)

Copies of his resume, a set of “elevator speeches” from his 
friends and colleagues, and several other items are available 
at www.epp.cmu.edu.

Our dear friend and 
faculty colleague Lester 
Lave died last month.  

Lester joined the faculty 
of Carnegie Mellon in 
1963 where he spent his 
entire career



Who are the organizers of this workshop?
As I will explain in a few moments the effort began in the 
NSF-supported Center for Climate and Energy Decision 
Making (CEDM) anchored at Carnegie Mellon.

Map from Google 
Earth

Additional support for this effort comes from Ortwin Renn and 
colleagues at the University of Stuttgart, Hadi Dowlatabadi and 
colleagues at UBC, XUI Lan and colleagues at Tsinghua and 
the International Risk Governance Council. 

I am Executive Director of 
CEDM and co-PI along 
with Granger Morgan who 
is director.



Climate and Energy 
Decision Making (CEDM) center

CEDM goal is to create an interdisciplinary 
collaborative group that will assist private and 
public organizations to make climate and energy-
related decisions in ways that are: 
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• scientifically informed 

• cost-effective

• socially equitable

• behaviorally realistic
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The Center’s investigators
At Carnegie Mellon:

At VT Law: At Duke:

At Calgary:

At UBC:

At Wharton:At Geo. 
Mason:

At Penn St:

At WHOI:

At Oxford:

At RAND:

Plus 
several 
others..



All of us in CEDM care deeply about:

making serious progress in solving the climate 
change problem

educating a new generation of young 
investigators, policy analyst and problem 
solvers

developing, demonstrating and promulgating 
new methods for framing and addressing 
climate decision problems, especially those in 
technology and public policy, in which 
uncertainty is of central importance



Making serious progress in solving 
the climate change problems requires:

• Decision-making on greenhouse 
gas mitigation strategies (including 
improved efficiency as part of a 
portfolio of strategies)

• Adaptation strategies 
• Dealing with unexpectedly rapid or 

large changes/impacts 
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In the next few slides…
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I will say just a few words about work we have 
been doing on efficiency in terms of:

• Developing energy efficency supply 
curves

• Engineering-economic studies of solid 
state lighting

• Studies of public perceptions and 
preferences for efficient lighting

• Urban systems energy use
• Energy demand from EVs and PHEVs



Potential for energy efficiency in the U.S. 
residential sector

• What are the economic costs and 
GHG savings from investing in energy 
efficient appliances in the U.S. 
residential sector?

• What are the trade-offs between 
different indicators (electricity, CO2, 
primary energy, costs)?

• To answer these and other questions 
we have developed the Regional 
Residential Energy Efficiency Model

Conclusions: Reductions as large as 56% could be theoretically 
achieved (costing $20b annually; $1.7t upfront costs).  Under 
an optimistic scenario, 30% residential CO2 emissions could be 
saved cost-effectively, with a net annual benefit of $42b (but 
requiring total upfront capital of $0.5t). 

Inês Azevedo, Granger Morgan, Karen Palmer and Lester Lave: “Energy Efficiency in the 
U.S. Residential Sector”. Under review Energy Policy

Inês Azevedo and Costa Samaras: “Optimal versus Ongoing Allocation of Public Benefit 
Charges by U.S. Utilities” Working paper

Inês Azevedo: “Social cost-effectiveness of energy efficiency investments and electricity 
generation options”. Working paper 9



Previous work on solid-state lighting…

In our piece the the Proceedings of 
IEEE we stated that by 2015  the 
levelized annual costs of SSL would 
be lower than substitute technologies 
both in residential and commercial 
general lighting applications… 
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Consumer perceptions toward lighting attributes and preferences for 
energy-efficient lighting technologies? 
(Huimin Tan, Inês Azevedo, Wandi Bruine de Bruins and Lester Lave)

• We have designed and ran an experiment 
using CMU’s research truck, and setting up 
each of 6 the cubicles inside the truck with 
different lighting technologies/conditions

Results
1) We have found significant preference changes 

in two conditions.
2) Technical attributes do not explain 

preferences, but perceived technical attributes 
do. 

Huimin Tan, Inês Azevedo, Wändi Bruine de Bruin, and Lester 
Lave.  Lighting perceptions and preferences for household energy-
efficient lighting technologies: understanding some of the barriers to 
adoption.CEDM  Working paper.

• We recruited 100 participants (34% 
women; mean age=33; 71% have received 
Bachelor’s degree and above)

• Evaluation occurs under 2 modes: Separate 
Evaluation (one light at a time) vs. Joint 
Evaluation (all lights turned on jointly) 

• Within-subject design: each evaluate all 6 
different lighting conditions
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Still on energy efficient lighting and decision 
making…

…. We studied the literature on high implicit discount 
rates and found serious gaps. We aim to suggest 
choice-models that are more appropriate to include 
energy models like NEMS:

From: http://eia.doe.gov/oiaf/servicerpt/eppats/energyfuture.html

…. As well as on the importance of providing 
information on the costs over the lifetime of the 
device.
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In order to shed some light into these issues, we are starting a study that 
uses discrete choice models to understand consumer choice…
(Jihoon Min, Inês Azevedo, Jeremy Michalek, Costa Samaras)



We have also been looking at the energy efficiency potential 
for U.S. metropolitan areas… 
(Michael Blackhurst, Scott Matthews, Chris Hendrickson, Inês Azevedo)

• Evaluating local factors that influence energy and 
GHG markets (e.g., climate, grid emissions, growth, 
pricing, etc.)

• Importance of uncertainty analysis when adopting 
efficiency goals at city-scale

• Evaluating trade-offs amongst efficiency program 
design constraints and objectives (budget, GHG 
reductions, economic savings)

• Integrating potential impacts from rebound effects 
into efficiency program design and decision-making
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Residential Direct Rebound Effects
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(Michael Blackhurst, , Inês Azevedo,Scott Matthews, Chris Hendrickson)
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Transportation
Because the generation of electricity is at present 
such a large source of CO2 emissions, we have 
spent quite a lot of time thinking about what future 
developments might lead to increased demand.  

Clearly, PHEVs and EVs, while 
they will reduce emissions from 
the transportation sector, will 
add to the electricity sector. To 
date our work suggests that 
even in W. PA, where much of 
our electricity comes from coal, 
the switch to short range 
PHEVs will result in a small 
decrease in CO2 given the 
present generation mix.

Figure from Costa Samaras



As we have gotten further 
into this work…
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…we have ve become more and more concerned about 
how much of the savings that we estimate through 
engineering-economic analysis will actually be realized.

Given the great importance that many policy 
makers are placing on efficiency, getting a 
clear answer if of great importance.

Figures from NRC and EPRI



Estimating the U.S. Economy-wide Rebound Effect
(Brinda Thomas, Inês Azevedo)

• Using CMU’s input-output life-cycle assessment model (www.eiolca.net)

• Indirect rebound due to the embodied energy of respending energy cost 
savings on other goods is larger than the direct rebound from respending 
in energy (ignoring price effects)
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There is an ongoing debate on whether much of the 
anticipated reductions may be illusionary - this because of 
either direct or indirect "rebound.”
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The literature is of very mixed quality, and recent work provides 
reviews, but there is still a lot of room for new empirical and modelling  
research… 
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Jevons, W. S., the Coal Question, 
1865

If we lavishly and boldly push forward in the creation 
and distribution of our riches, it is hard to over-estimate 
the pitch of beneficial influence to which we may attain 
in the present. But the maintenance of such a position is 
physically impossible. We have to make the momentous 
choice between brief greatness and longer continued 
mediocrity.”

Jevons (1865): Technological 
progress leads to an increase in 
efficiency on how resources are 
used, this in turn leads to 
accelerated growth and increase 
in consumption of resources
“The alternatives before us are simple. 
Our empire and race already comprise 
one-fifth of the world's population; and by 
our plantation of new states, by our 
guardianship of the seas, by our 
penetrating commerce, by the example of 
our just laws and firm constitution, and 
above all by the dissemination of our new 
arts, we stimulate the progress of 
mankind in a degree not to be measured. 

Khazzoom (1980): Rebound 
impacts should be considered 
when designing energy 
efficiency standards…

Brookes (1980): “energy efficiency 
improvements that, on the broadest 
considerations, are economically justified 
at the microlevel lead to higher levels of 
energy consumption at the macrolevel 
than in the absence of such 
improvements (Herring,1998)”



Definitions

Direct rebound effect: If consumers adopt energy efficient 
technologies that are saving them money, they might use that 
good/service more often. For example, one might substitute 
incandescent bulbs with CFLs but then leave them on all night.

Substitution effect: Part of the economic savings described in 1) 
could be used to increase consumption of other goods/services, and 
erode some of the energy or GHG savings. For example, one could use 
the savings from energy efficiency investments to do more travel.

Economy wide effect: "a fall in the real price of energy services may 
reduce the price of intermediate and final goods throughout the 
economy, leading to a series of price and quantity adjustments, with 
energy-intensive goods and sectors likely to gain at the expense of less 
energy-intensive ones" (Sorrell, 2008).
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It is unclear whether these effects are large or 
marginal…

Some argue that rebound is an un-important issue.

Others arguing that energy and carbon dioxide 
savings will be eroded and in some cases that 
policy will even "back-fire," leading to an increase 
in energy consumption and emissions as opposed 
to a decrease.

Results in the literature are all over the map
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Example: residential heating
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From other sectors:

Fi
gu

re
 c

om
pi

le
d 

by
 B

rin
da

 T
ho

m
as

23



Fi
gu

re
 c

om
pi

le
d 

by
 B

rin
da

 T
ho

m
as

And internationally:
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Scope of Analysis 

…Direct …Indirect …Economy-wide 

Short-term vs long term; region

… Retrospective Analysis 
•econometrics 
•quase-experimental 
approach (measuring 
before and after EE)

Methods

… Prospective analysis
•Expert elicitation?
•Survey (stated 
presferences)?  

Scope

… By end use

… By sector

… By end use

… By sector

…Final consumers

…Productive sectors



…Direct …Indirect

Short-term vs long term; region

… Retrospective 
Analysis 
•Econometrics 
(elasticity of 
substitution)

Methods

… Prospective 
analysis
•Expert elicitation  
•Consumer survey

Scope
… By end use

… By sector

… By end use

… By sector

…Final consumers

…Productive sectors

Direct + 
Substitution

Scope of Analysis 



…Economy-wide 

…IO models

Methods

…CGE

…Couple CES with 
IO/CGE

…Couple CES with 
EIO-LCA

Scope of Analysis 

…Models of economic 
growth…



Goal

• Assess the state of understanding.

• Lay out a research agenda on the the key aspects 
associated with the dynamics of consumption and 
energy efficiency that can inform the needs of those 
developing energy policy.

• Publish the conclusions as an IRGC report and in the 
refereed literature.
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This is a packed schedule…
• We ask you to keep your presentations under 10 

minutes (we will be cutting you at 10 minutes).

• Use the 5 minutes of question for issues directly 
related to the speakers presentation and think-piece: 
we will use the group discussion at the end of each 
session to expand on these issues.

• We will be using Chatham House Rules i.e., no 
attribution outside of the workshop of any statement 
by any participant 

• In our summary we will give you an opportunity to be 
cited for specific ideas if you so choose. We will 
attached revised attributed versions of all the think-
pieces. 

32



Inês Lima Azevedo, PhD

Assistant Research Professor
Engineering and Public Policy Department
Carnegie Mellon University

Executive Director
Climate and Energy Decision Making
www.cedm.epp.cmu.edu

email: iazevedo@cmu.edu

webpage: http://www.epp.cmu.edu/people/bios/azevedo.html
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