
Efficiency Paradox

Paradoxically, all the productivity-enhancing efficiency innovations of the past have resulted in more 
consumption, pollution, and waste in absolute terms than ever before.   

Today, a staggering one-half to three-quarters of the resources consumed annually 
by industrial economies are returned to the environment as waste within a year.1

Related to this massive increase in resource and waste throughput is the so-called “rebound” or 
“takeback” effect.  While efficiency gains are common sense measures, this has not stopped critical 
commentaries.  The prime criticism is that efficiency is not a panacea - a cure-all.  The argument has 
weak and strong versions.  

The weak version is more rhetorical than substantive, arguing that efficiency doesn’t solve the 
problem of adequate clean energy supply, let alone total reduction of CO2 emissions.  No efficiency 
expert has ever made such a moronic claim, and such critics are guilty of foisting a false dilemma 
fallacy into the debate.

The strong version of the argument goes by various other names, mainly the snap-back effect, the 
Jevons Paradox, or the Khazzoom–Brookes postulate.  The phenomenon is real, whereby a person 
who buys a more energy efficient product that costs less to use may end up increasing its usage, 
hence increasing energy consumption.  

More broadly, as individuals make microeconomic decisions to purchase energy efficient products, 
the cost of manufacturing goes down, resulting in macroeconomic expansion of the product as 
more people can afford to purchase the lower cost goods.  

This is seen in national statistics whereby the absolute amount of energy consumption rises as the 
economy grows bigger and bigger, even as the energy used per unit of economic growth steadily 
declines. 
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Again, the criticism seems to imply that efficiency is no panacea, and again, that is a straw man 
fallacy attacking something efficiency proponents have not claimed.  

The rebound effect also occur,s as when someone purchases a more efficient refrigerator, then 
also decides to get a larger model size, potentially canceling out the energy savings.  The same 
holds true for upsizing to efficient, but larger homes, bigger cars, larger television sets.  But this is 
not always the case.  

Take refrigerators as an example.  The share of US households with two or more refrigerators 
increased by 5.2% between 2001-05. 

However, during the same period the total electricity consumed by the fleet of growing 
refrigerators declined by 3.3%.  

On a per capita and per household basis the decrease was nearly 7% (see Table-1).   

Essentially the energy efficiency gains, which averaged 3.6% per year since 1990, were sufficient to 
reduce total electricity consumed by refrigerators in US households. 

The same trend is true for Canada, also 
where the total energy needed for 
household refrigerators declined by 42% 
since 1990.

Or take the case of building efficiency 
improvements, as shown in Exhibit 7. 

California, which is among the most energy 
efficient economies in the world, has 
pursued efficiency policies since 1974.  

They have achieved dramatic improvements 
in the average per capita electricity 
consumption for over three decades.  

In comparison if the rest of the U.S. had followed California’s efficiency leadership, they could have 
avoided constructing 160,000 MW of 
unnecessary fossil fuel power plants.

So, when efficiency critics argue its not a 
panacea, point out it’s a “meso-acea” (not a cure-
all, but half the cure) and never claimed to be a 
panacea.

Yet, the snapback effect remains one of the most 
persistent common criticisms of energy 
efficiency policies and programs, with critics 
arguing that efficiency proponents overstate 
energy savings by ignoring the direct rebound 
effect.2,3  

Some critics have gone so far as to suggest that 
improvements in energy efficiency could result in 
an increase, rather than a decrease, in energy use 

implied by the narrave sketched by the BTI, there is no way that the world can achieve the projected reducons in

GHG emissions from energy efficient approaches. In essence, the Rebound Effect has the power to derail climate policy

as a whole, simply by calling into queson energy efficiency.

Recognizing this seriousness, we began a detailed invesgaon of the economics and the science behind the Rebound

Effect. We examined the sources of energy Rebound resurgence, finding that the current polemic against energy

efficiency is largely fuelled by a study that is neither published nor peer-reviewed. We review the literature on energy

Rebound at household and producon-sector levels and idenfy weaknesses in both the source data and the

methodology employed by Rebound’s proponents. We not only disprove the claims of Reboundistas but through our

original stascal analysis we reaffirm that energy efficiency policies indeed reduce per capita energy use.

Resurgence of Rebound—Nostalgia for Mr. Jevons

The Rebound Effect has few proponents among economists and energy efficiency sciensts, but it resurfaces

periodically. In the past year, it has gained significant ground, scoring recognion in The New Yorker, The New York

Times, Conservaon Magazine, Nature and the blogosphere. First put forth by Brish economist William Jevons in

1865, the Rebound Effect proposes that energy efficiency is counterproducve, because energy conserved in one

sector is automacally put to use in another sector. Jevons’ theory was based on an energy economy that had only coal

as a source material and industrial producon was the main economic sector. But his argument has been repackaged

and repurposed to cover micro as well as macro level impacts. Now it has been extended to queson energy efficiency

(and carbon emissions reducon) efforts in general.

In its 21st century incarnaon, the Rebound Effect looks a bit different than it did in 19th century England,

encompassing the increasingly diversified energy environment. As the New Yorker presents it, the incenves for

conservaon – oen cost-savings – cancel themselves out by pung money in people’s pockets that they will

inevitably spend on some other energy-intensive purchase.

But the New Yorker’s accounng is off. The reporter refers to a friend’s newly remodeled kitchen with enormous

side-by-side refrigerators as an example of Rebound, suggesng that this is representave of the greater public. It is

unlikely that this friend can afford double Sub Zero’s because he scrimped for many years prior on a super-efficient

refrigerator and light bulbs. That wealthier people may refrigerate more food is interesng, but there is no evidence

that it correlates to efficient technologies and conservaon strategies.

We wondered about the energy consumed by

America’s ballooning refrigeraon demands and

researched using data from the US Energy Informaon

Agency (EIA). The share of US households with two or

more refrigerators increased by 5.2% between

2001-05. However, during the same period the total

electricity feeding the growing refrigerator use

declined by 3.3%, and on per capita and per

household basis the decrease was nearly 7% (Table-1).

In effect energy efficiency gains, which averaged 3.6%

per year since 1990, was sufficient to cut total

electricity consumed by refrigerators in US

households. The same trend is true for Canada also

where the total energy needed for household

refrigerators declined by 42% since 1990. Unfortunately, the New Yorker chose to cite populist style anecdote on

refrigerators rather than digging into hard data.

Refrigeraon removed from the equaon, we wondered whether households in general might increase energy
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me.

These new findings verify what the US Energy Informaon Administraon has been pung forth for over a decade:

energy efficiency policies are central to cung emissions. Just last year the EIA published esmates on building

efficiency improvements using best available technologies, but the agency noted that even with the best technology,

policies would sll need to be in place to promote efficiency. Data further confirm these findings—as shown in the

Exhibit-7, California, which is among the most energy efficient states and has pursued efficiency policies since 1974,

was able to put a lid on the average per capita electricity consumpon for over three decades—in comparison

electricity use per capita increased at an annual rate of 1.4% for the rest of the US. If Rebound effects were as rampant

as claimed by the Breakthrough Instute, we would not find a robust relaonship between energy efficiency policies

and lower electricity use per capita trend.

None of this is to say that Rebound is not happening; given that energy use is so pervasive in our economy both energy

Rebound and energy conservaon occur simultaneously and constantly. But, as our data analysis indicates, on net the

policies that encourage energy efficiency create incenves for energy conservaon that ulmately outweigh the effect

of energy Rebound, leading to comparavely lower  energy use per capita. Total energy use may sll increase due to

populaon growth and economic expansion, but without energy efficiency these increases will be much larger.

Journalists and researchers—a note of cauon!

For journalists, the Rebound Effect is a trap—it is a man-bites-dog story that never happened. Counter-current climate

change reporng is encing but requires careful analysis. The journalists caught up in the allure of Rebound made two

key mistakes—first they used anecdotes to anchor their core message, and second they ignored the voices of leading

energy efficiency experts. One man’s refrigerator is not another man’s climate crisis, but it does create a narrave that

leaves readers, the energy consumers, wondering about the usefulness of energy efficiency. Reporters should heed

experts who are widely recognized for their understanding of energy efficiency, like Dr. Amory Lovins of the Rocky

Mountain Instute and Mr. Skip Laitner of the American Council for an Energy-Efficient Economy. Unfortunately Dr. Lee

Schipper of Stanford passed away in August 2011, a leading energy efficiency expert whose insights were ignored by a

spate of reporters.

Parcularly for energy efficiency, journalists have a special responsibility. New emerging research by Harvard and

MIT/NYU economists confirm that non-price approaches like informaon provision and social norms can successfully

influence consumer choices towards a more energy efficient lifestyle (Allco and Mullainathan 2010 and Dietz 2010).

Empirical analysis built on this thesis confirmed that informaonal awareness cut residenal electricity use by as much

as 2%, an impact that is equivalent to increasing the price of electricity by 11-20% (Allco 2011). Such results

underscore the importance of disseminang reliable and accurate informaon on energy efficiency, and journalists are
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due to the rebound effect.4

The key issue is the magnitude of the rebound effect. Does empirical evidence suggest it is large or 
small?  
This question has been addressed in in-depth literature reviews.5,6

After examining econometric studies and direct measurements of the rebound effect for different 
sectors and major end-uses in the United States, research findings indicate the effect is very small.  

It is less than 10% for residential 
appliances, residential lighting and 
commercial lighting, and less than 
20% for industrial process uses.  

For residential space heating, 
water heating and automotive 
transport, the rebound effect is 
small to moderate (from less than 
10% to 40%).  And for residential 
space cooling, the rebound effect 
is in the range of 0-50% (see Table 
above).

Other assessments looked in more detail at studies of the rebound effect associated with vehicle 
efficiency improvements in the United States, i.e. the change in vehicle use as the fuel cost per mile 
declines. 

The findings showed the overall experience with fuel price and fuel economy changes over 25 
years lead to a short run rebound effect on the order of 10% and a long run effect of about 20%.  
The author notes, “the implication is that 80-90% of the maximum potential reduction in fuel 
consumption and greenhouse gas emissions due to a technical change in vehicle efficiency will be 
realized, even after the increase in vehicle miles due to lower per mile costs has had its full effect.”7

In essence, the rebound effect is a dynamic phenomenon. It tends to decline over time as the 
saturation and quality of energy services increase.

In a 2005 review for the International Energy Agency,  leading efficiency expert Howard Geller and 
co-author Sophie Attali emphasized, 

“It is important to note that the direct rebound effect, to the extent that it occurs, is not 
evidence that energy efficiency is a failure. It simply means that some consumers choose to 
respond to reduced energy costs in part by increasing their level of energy service, for 
example by increasing their level of space heating or cooling, rather than minimizing energy 
consumption and energy costs. Energy efficiency improvements still contribute to an 
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Table 1. Summary of Empirical Evidence of the Rebound Effect in the United States 
 

Sector End Use Size of 
rebound effect

Residential Space heating 10-30% 
Residential Space cooling 0-50% 
Residential Water heating <10-40% 
Residential Lighting 5-12% 
Residential Appliances 0% 
Residential Automobiles 10-30% 
Business Lighting 0-2% 
Business Process uses 0-20% 

Sources: IEA 1998; Greening, Greene and Difiglio 2000.  
 

Greene (1998) looks in more detail at studies of the rebound effect associated with vehicle efficiency 
improvements in the United States, i.e. the change in vehicle use as the fuel cost per mile declines. He 
finds that the overall experience with fuel price and fuel economy changes over 25 years suggests a 
short run rebound effect on the order of 10% and a long run effect of about 20%. He notes, “the 
implication is that 80-90% of the maximum potential reduction in fuel consumption and greenhouse 
gas emissions due to a technical change in vehicle efficiency will be realised, even after the increase in 
vehicle miles due to lower per mile costs has had its full effect” (Greene 1998). Also, Greene found 
that the sensitivity of travel demand to fuel cost per mile has fallen over time as fuel cost as a fraction 
of the total cost of owning and operating a vehicle has declined and as incomes have risen (Greene 
1992).   
 
There have also been some empirical studies of the rebound effect in Europe. An analysis of 
residential building retrofits in Austria found a space heating rebound effect of 20-30% (Haas and 
Biermayr 2000). In the United Kingdom, Milne and Boardman (2000) found that about 30% of the 
potential energy savings from retrofit measures was taken as increased comfort in low-income 
households as of the late 1990s. But the magnitude of this rebound effect is declining over time due to 
the increasing penetration of central heating and increasing average indoor temperature.2 In essence, 
the rebound effect is a dynamic phenomenon. It tends to decline over time as the saturation and quality 
of energy services increase.      
 
It is important to note that the direct rebound effect, to the extent that it occurs, is not evidence that 
energy efficiency is a failure. It simply means that some consumers choose to respond to reduced 
energy costs in part by increasing their level of energy service, for example by increasing their level of 
space heating or cooling, rather than minimising energy consumption and energy costs. Energy 
efficiency improvements still contribute to an improvement in “general welfare” whether by enabling 
a higher level of comfort, increased activity, or lower energy cost, or some combination of these 
responses.      

 

                                                 
2 The level of indoor heating and comfort was particularly poor in low-income households in the United 
Kingdom prior to retrofit efforts. 
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improvement in ‘general welfare’ whether by enabling a higher level of comfort, increased 
activity, or lower energy cost, or some combination of these responses.”8

Efficiency backbone of economic growth

There is another dimension to the rebound issue, however, that seems totally lost on efficiency 
critics.  

It has been the ongoing efficiency revolution that has enabled manufacturing and vast expansion of 
lower cost goods and services, making them accessible to an increasing fraction of humanity; goods 
that were previously limited to kings and queens and 
the wealthiest individuals.   

Efficiency gains are instrumental in lifting all of humanity 
out of grinding poverty.  

This is a critically important function of efficiency, above 
and beyond, but also integral to, the myriad of 
sustainability challenges efficiency also addresses.

Myriad barriers thwarting efficiency gains

Efficiency gains are universally accepted in spirit and 
rhetoric, but far less so in actual practice.  

The traditional economist’s view is that the market will 
provide the correct level of efficiency, and the only 
thing of concern is to get the prices right.   

However, the empirical evidence is emphatically clear 
on this point: market prices, alone, are not adequate.  

This is evident in utility districts with electricity prices 
ten times higher than another utility district. 

For example, high-electricity cost Chicago is achieving 
many-fold less efficiency improvements than low-
electricity-cost Seattle.  

And high-cost Singapore has achieved much less 
efficiency than San Francisco with half the cost levels.  

There is also the egregious situation where poor households and cash-strapped businesses, 
particularly throughout the developing world, or during economic downturns, are simply unable to 
respond to high cost energy.  

They are forced to go without, or accelerate damage to the environment (deforesting surrounding 
areas while scavenging for fuelwood), or simply steal from the power system.

The reality is, there is a thicket of market barriers thwarting most of these savings.  

This is not surprising, given several centuries of public policies promoting supply expansion via 
R&D, standards and codes, financing, educating skilled professionals, subsidies, etc., while ignoring 
the customer-side  opportunities at the end-use. 
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It is clear from the accumulated experience and evidence from the leading cities, states and nations 
vigorously pursuing efficiency, that with equivalent commitment of time and resources end-use 
efficiency emerges as a robust competitor to any supply option. 

The economic benefits are obvious, detailed in scores of economic-engineering assessments over 
the past four decades. 

The 2007 assessment by the McKinsey Global Institute (chart on right) concluded that energy 
efficiency improvements worldwide through 2030 could provide an estimated 75% of projected 
new energy service demand with a 10% or better return on investment.9

Technology can deliver, but the financial wherewithal is absolutely essential to take advantage.  

Efficiency improvements, like solar and wind power, require more upfront capital, unlike coal and 
natural gas power plants, where fuel costs constitute a significant percentage of lifecycle costs.

Efficiency improvements constitute the largest pool of potential lost opportunities in the energy 
sector, given that a significant percentage of efficiency gains take place at the manufacturing and 
construction phases.  Far fewer efficiency savings are available after these phases, and at much 
higher cost.  

One immense source 
of  finance capital 
resides in the utilities 
throughout the world.  

Tens of trillions of 
dollars will be invested 
in the coming decades, 
virtually all for supply 
expansion.  

Most of the funds will 
go to expanding fossil 
fuel power plants, 
typically at a regulated 
rate of earnings of 
about 10 to 12 percent.  

Utilities (electric, 
natural gas, water, 
sewage) are long 
overdue for a makeover, transitioning them from antiquated regulatory practices designed for last 
century’s industrial smokestack era to state-of-play methodologies designed for 21st century 
technology and delivered service opportunities.   

Without significant changes in utility regulatory planning and incentive rate methodologies, as well 
as government policies spurring stronger efficiency performance standards and codes for buildings, 
vehicles, appliances, motors, lights and other energy and water consuming devices, it is highly 
unlikely that more than 10 to 20 percent of the efficiency gains will be achieved.  

For three decades pioneering states like California have been incentivizing utilities with innovative 
regulatory procedures that encourage them to invest their long-term, relatively lower-interest 
capital in the large pool of customer-site LCR efficiency improvements.  

Zero net cost counting efficiency savings. Not counting the efficiency savings the 
incremental cost of achieving a 450 ppm path is €55-80 billion per year between 2010–2020 for 
developing countries and €40–50 billion for developed countries, or less than 1 % of global GDP, or 
about half the €215 billion per year currently spent subsidizing fossil fuels.

CO2 Abatement potential & cost for 2020

Breakdown by abatement type
• 9 Gt terrestrial carbon (forestry/agriculture)
• 6 Gt energy efficiency
• 4 Gt low-carbon energy supply
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It is proving beyond a shadow of a doubt to be a win-win-win outcome for ratepayers, 
shareholders, and taxpayers. (See chapters on social/public capital assets, pp. XX, and the chapter 
on financial capital assets, pp. XX, for more thorough discussions).
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