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Programs that encouraged investments in residential energy efficiency had limited returns in several impact evaluations in real-
world settings. Relatively small impacts on energy savings coupled with low take-up meant that encouraging these investments

through information campaigns and subsidies was not a cost-effective strategy to reduce greenhouse gas emissions.
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Résumé

In 2018, global investments in energy efficiency totaled US$240 billion. Many policymakers promote energy efficiency as a top
strategy for reaching greenhouse gas emissions reduction targets to mitigate climate change.1 Energy-efficient technologies could
help households consume less energy and save money on their energy bills. In theory, over time, these savings could outweigh

the upfront costs of these technologies while also benefiting the environment.

Some common features of residential energy efficiency programs include home audits to identify inefficiencies, retrofits to
upgrade inefficient homes, and appliance replacement. To encourage take-up of these programs, policymakers and implementing
organizations often provide information on the benefits of energy-efficient technologies or offer discounts and subsidies for

purchasing new efficient appliances or retrofitting less energy-efficient homes.

A review of five randomized evaluations and three quasi-experimental evaluations of programs that encouraged investments in
residential energy efficiency in the US and Mexico found that few people took them up. Four evaluations that measured energy
savings found lower-than-expected returns in real-world settings. Relatively small impacts on energy savings coupled with low

take-up meant that these programs were not a cost-effective strategy to reduce greenhouse gas emissions.



Energy savings were smaller than expected in part because projections overestimated the program’s potential impact or because

people’s responses to the programs undermined reductions in energy use, or both.

Rather than prioritize the status quo strategies, policymakers interested in reducing greenhouse gas emissions should consider
policies and approaches that come closer to a direct incentive tied to carbon emissions. For example, subsidies for energy
efficiency could pay per unit of emissions avoided, rather than paying a flat rate for participation regardless of potential or

achieved impact, as many subsidy programs do.

Résultats

A number of residential energy efficiency programs have fallen short of predicted energy savings. Of the four studies that
measured impacts on energy use, one found no energy savings [1], and three others found that residential energy efficiency

programs achieved only a portion (ranging from 25 percent to 58 percent) of their projected impact [2], [3], [4]. The projections
of energy savings—which are based on engineering models—used some inaccurate assumptions, often overestimating how

much energy people were consuming at baseline or how many people would participate in the program.

For example, in Mexico, projections of savings from installing energy-efficient upgrades in new, affordable housing overestimated
how many homes would choose to have air conditioning (AC) [1]. Without AC, the upgrades had little potential to reduce energy
consumption because people cooled their homes by opening windows.

A program that subsidized home energy audits and energy efficiency investments in Wisconsin achieved only 58 percent of its
expected impact due to inaccurate projections of potential energy savings [4], . Another energy audit tool overestimated baseline
natural gas usage by more than 25 percent among Michigan households [2]. Consequently, the projections assumed households
were less efficient than they were in reality and therefore overestimated the returns to subsidized home improvements like

insulation and furnace replacement.

Many residential energy efficiency programs are voluntary, which means that the accuracy of projected energy savings also
depends on assumptions about how many people participate, their energy consumption, and what purchases they would have
made otherwise. Across five programs, take-up of new appliances and home audits ranged from 1-17 percent [2], [3], [4], [5],
[6].

In Mexico, projections of a national subsidized appliance replacement program assumed that households would trade in

appliances that were considerably older than the appliances actually traded in [3], . Under a subsidized appliance replacement
program in the United States, more than 70 percent of households that used rebates would have bought efficient appliances even
without the rebate [6]. Projections and eligibility criteria should consider whether programs would largely subsidize purchases

that consumers would have made even without the subsidy or rebate.

As a result of low take-up and limited impacts on energy use, residential energy efficiency programs were not cost-
effective strategies to reduce energy consumption or carbon dioxide emissions (CO2). From a policymaker's perspective,
one benchmark for interpreting the cost-effectiveness of climate change programs is the social cost of carbon (SCC), which values
the negative impact of carbon emissions on health and productivity in dollar terms. In 2017, the US government valued the SCC at
US$50 per metric ton.? Programs that achieve carbon reductions at a lower cost per ton than the SCC can be considered more

cost-effective, while programs with higher costs are considered less cost-effective.

Weatherizing homes in Michigan averted CO2 emissions at a cost of US$200 per ton [2], . Subsidizing appliance replacements in

Mexico cost US$547 per averted ton of CO2 [3], . Installing energy efficiency measures in new homes in Mexico added roughly
US$400-500 to construction costs, with no impact on energy use [1]. Subsidizing audits for homes in Wisconsin generated higher

costs to society than benefits, as calculated by the researchers. It is important to note that energy efficiency programs are often



motivated by multiple policy goals, such as job creation or economic stimulus. The cost-effectiveness of CO2 abatement may be

just one of a number of criteria policymakers use in their decisions to invest in programs like these.

One challenge for improving cost-effectiveness is that most programs recruit broad groups to participate, regardless of potential
emission reductions. Both the underlying fuel and how efficiently the grid distributes energy influence the carbon impact of
reducing energy use. For example, programs may have a bigger impact if primarily targeted to households that get power from
coal power plants, which produce relatively more carbon. Policymakers should pursue targeted recruitment strategies to amplify

the impact of energy efficiency programs.

Engineering models that do not account for human preferences and behaviors are prone to overestimate potential
energy savings. In Mexico, installing energy-efficient measures (such as insulation) in new homes did not decrease energy
consumption because households often kept their windows open, nullifying the potential impact of insulation [1], . In both
Mexico and the US, projections for subsidized appliance replacement programs did not realistically account for consumer

purchase decisions. Consumers bought higher-quality appliance models with greater capacity and more features than their

previous units, which--even though they were more efficient--increased energy consumption relative to projections [3], [6].

Energy efficiency programs that make it cheaper for people to consume energy may lead people to consume more energy, rather
than less. For example, in Mexico, households that used a subsidy to replace their old ACs ran their units more intensively,
leading to a 3.4 percent increase in energy consumption during summer months [3], . This is an extreme example of a rebound
effect. In most cases, rebound effects of energy-efficient technologies are unlikely to fully offset potential energy savings.3
Combining engineering estimates with insights on human behavior from impact evaluations could help policymakers better

predict how effective and cost-effective these programs can be.

There is little evidence that a lack of information on energy efficiency decreases take-up. Across three randomized
evaluations in retail settings in the US, learning about the costs and potential benefits of energy-efficient technologies did not
change consumers’ purchasing decisions for water heaters, lightbulbs, or vehicles [5], [7], [8], . This may reflect that consumers
are already aware of the costs and benefits of energy-efficient technologies or they ignored the information, even if adopting
energy-efficient measures would have benefited them. In two studies, researchers tested providing information alongside

rebates. Coupling these strategies did not increase take-up more than rebates alone [5], [7].

Four studies found that offering customers discounts for energy-efficient lightbulbs and appliances in retail settings, and through

national subsidy programs, increased purchases of these technologies [3], [5], [6], [7]. While discounts or rebates increase take-
up of energy-efficient technologies, it is unclear that untargeted subsidies for residential energy efficiency is a good use of scarce
public resources allocated to climate change given their limited impacts on energy consumption. Subsidies could be improved by

tying the subsidy amount to the emissions reductions achieved.

More research is needed on the impacts of energy efficiency investments in commercial settings. Industrial and
commercial entities account for more than half of the world's total energy consumption.4 However, in theory, there may be less
excess energy use in commercial entities relative to households if firms are concerned with keeping their energy costs low to

maximize profits.

Whether firms have already sought out the high return investments in energy efficiency is an open question. To date, only one
randomized evaluation, in India, examined how to encourage firms to adopt energy efficiency measures. It found that firms that
completed energy audits did not use less energy two years later—they used more [9], . Relatedly, there is little evidence to date
on energy efficiency in institutional settings. One nonexperimental study found that energy efficiency upgrades in California
schools reduced energy consumption, achieving 70 percent of predicted savings [10]. More rigorous research in these settings is

encouraged.



Given the limited returns coupled with low take-up, information campaigns and subsidies for participation in energy efficiency

programs are not cost-effective strategies to reduce greenhouse gas emissions. Some people will still invest in energy efficiency
without any outside encouragement. Improving the accuracy of projected savings could help both consumers and policymakers
make better-informed investments in energy efficiency. Policymakers aiming tor educe emissions should prioritize policies that

directly target carbon emissions over programs that encourage take-up of technologies that reduce emissions indirectly through

reductions in resource consumption.

Table 1
Ener
&y Strategy to Cost
efficient X Realization Cost-
Country increase take- Take-up Energy use savings i
technology / rate  Effectiveness
. up/enroliment (annual)
investment
Upgrades at
the time of Added
Mexico construction, . US$400-
) . Offered at time
(Nuevo including - N/A - N/A N/A US$500 to the
of construction
Leone) insulation and cost of each
passive cooling home
system
Intensive
United Weatherizationencouragement: 10-20% Cost per ton
- 0
States retrofits of in person visits, 6% US$270 39% of CO2 =
decrease
(Michigan) homes phone calls, and US$200
home visits
Informational
letters on
CFLs, energy audits
United ’
appliances, Audit letters +
States PP uartietters 5% decrease US$89 58%
i __and hot water rebates for
(Wisconsin)
heaters audit cost
(US$25 and
US$100)
Refrigerators: Cost per ton
8% decrease of CO2 for
) Refrigerator:
Subsidy refrigerators
saved US$13
Air conditional on AC = US$457
) conditioners  appliance (summer):13%
Mexico Air 25%
and replacement increase o Cost per ton
conditioners:
refrigerators  (US$30, US$110, . of CO2 for
increased
or US$170) AC (non- total program
US$9

summer): no

impact

=US$547



Energy

efficient
Country

technology /

investment
United EnergyStar
States appliances
United
States
(Boston,
New York  CFLs
City,
Washington,
D.C))
United EnergyStar
States Water heaters
United

Vehicles
States

Strategy to

Costsavings Realization

increase take- Take-up Energy use

(annual) rate

up/enroliment

Clothes

washers: 1.7%

decrease
State Energy
Efficient
Appliance

Dishwashers:
10.7-14.3%no impact N/A N/A
Rebate Program
(SEEARP) Refrigerators:
0.35%

decrease

Coupon for 10%
off all lightbulbs
10% off coupon
+20% off CFLs
10% off coupon 38-48% N/A N/A N/A
+information
10% off coupon
+20% off CFLs +
information
Information
Information +
sales agent
incentive
Rebates (US$25
or US$100)
Rebates + sales 0.9-4.9%  N/A N/A N/A
agent incentive
Information +
rebate + sales
agent incentive
Information +

rebate

Information - N/A N/A N/A

Cost-

Effectiveness

Cost per kWh-
hour =
Us$0.21 -
US$1.10

N/A

N/A

N/A



Key
N/A : study did not measure this outcome

- :no impact on measured outcomes

Sector chair(s) or Academic lead(s)
Michael Greenstone Kelsey Jack

Insight author(s)

Rebecca Toole

Abdul Latif Jameel Poverty Action Lab (J-PAL). 2019. "Encouraging residential energy efficiency." J-PAL Policy Insights. Last modified
November 2019. https://doi.org/10.31485/pi.2266.2019

1. Organisation for Economic Co-operation and Development. (2018). “World Energy Investment 2018.”
https://doi.org/10.1787/9789264301351 (pg 27).

2. Revesz, Richard, Greenstone, Michael, Hanemann, Michael, Livermore, Michael, Sterner, Thomas, Grab, Denise, Howard, Peter,
and Schwartz, Jason. "Best Cost Estimate of Greenhouse Gases." Science 357, no. 6352 (2017): 655.

3. A 2016 review estimates that rebound effects range from 10-40 percent in low-income countries and 5-25 percent in high-
income countries. See, e.g., Gillingham, Kenneth, David Rapson, and Gernot Wagner. “The Rebound Effect and Energy Efficiency

Policy." Review of Environmental Economics and Policy 10, no. 1 (2016): 68-88.

4. US Energy Information Agency. (2017). “International Energy Outlook 2017 (IEO 2017).” Washington, DC: US Department of
Energy.

1. Dauvis, Lucas W., Sebastian Martinez, and Bibiana Taboada. 2018. "How Effective is Energy-Efficient Housing? Evidence from a Field Experiment in

Mexico". National Bureau of Economic Research. No. w24581. Research Paper
2. Fowlie, Meredith, , Michael Greenstone, , and Catherine Wolfram, . 2015. "Are the Non-monetary Costs of Energy Efficiency Investments Large?
Understanding Low Take-Up of a Free Energy Efficiency Program." American Economic Review, 105(5): 201-04. Research Paper, | J-PAL Evaluation Summary

3. Davis, Lucas, Alan Fuchs, and Paul Gertler, . 2014. “Cash for Coolers: Evaluating a Large-Scale Appliance Replacement Program in Mexico.” American

Economic Journal: Economic Policy, 6(4): 207-238. Research Paper

4. Hunt, Allcott, , and Michael Greenstone, ."Measuring the Welfare Effects of Residential Energy Efficiency Programs." Working Paper, July 2017. Research
Paper, | J-PAL Evaluation Summary

5. Allcott, Hunt, , and Richard L. Sweeney. 2017. “The Role of Sales Agents in Information Disclosure: Evidence from a Field Experiment.” Management
Science 63 (1): 21-39. Research Paper, | J-PAL Evaluation Summary

6. Houde, Sébastien, and Joseph E. Aldy. 2017. "Consumers' Response to State Energy Efficient Appliance Rebate Programs." American Economic Journal:

Economic Policy, 9 (4): 227-55. Research Paper

7. Allcott, Hunt, , and Dmitry Taubinsky. 2015. "Evaluating Behaviorally Motivated Policy: Experimental Evidence from the Lightbulb Market." American

Economic Review, 105 (8): 2501-38. Research Paper, | J-PAL Evaluation Summary

8. Allcott, Hunt, , and Christopher Knittel, . 2017. "Are Consumers Poorly Informed about Fuel Economy? Evidence from Two Experiments". National

Bureau of Economic Research. No. w23076. Research Paper, | J-PAL Evaluation Summary


https://www.povertyactionlab.org/person/greenstone?lang=es
https://www.povertyactionlab.org/person/jack?lang=es
https://www.povertyactionlab.org/person/toole?lang=es
https://doi.org/10.31485/pi.2266.2019
https://doi.org/10.1787/9789264301351 
https://www.nber.org/papers/w24581
https://www.povertyactionlab.org/fowlie
https://www.povertyactionlab.org/greenstone
https://www.povertyactionlab.org/wolfram
https://academic.oup.com/qje/article/133/3/1597/4828342
https://www.povertyactionlab.org/evaluation/reducing-energy-consumption-and-greenhouse-gas-emissions-through-energy-efficient
https://www.povertyactionlab.org/gertler
https://www.aeaweb.org/articles?id=10.1257/pol.6.4.207
http://povertyactionlab.org/allcott
https://www.povertyactionlab.org/greenstone
https://www.nber.org/papers/w23386
https://www.nber.org/papers/w23386
https://www.povertyactionlab.org/evaluation/impact-energy-efficiency-messaging-audit-takeup-and-investment-wisconsin?lang=en
https://www.povertyactionlab.org/allcott
https://doi.org/10.1287/mnsc.2015.2327
https://www.povertyactionlab.org/evaluation/information-disclosure-incentives-and-energy-costs-united-states
https://www.aeaweb.org/articles?id=10.1257/pol.20140383
https://www.povertyactionlab.org/allcott
https://www.aeaweb.org/articles?id=10.1257/aer.20131564
https://www.povertyactionlab.org/evaluation/lightbulb-paradox-consumer-behavior-and-public-policy-us-electricity-market
https://www.povertyactionlab.org/allcott
https://www.povertyactionlab.org/knittel
https://www.nber.org/papers/w23076
https://www.povertyactionlab.org/evaluation/information-increase-fuel-efficient-car-purchases-united-states

9. Ryan, Nicholas, . 2018. "Energy productivity and energy demand: Experimental evidence from indian manufacturing plants". National Bureau of

Economic Research. No. w24619. Research Paper

10. Burlig, Fiona, Christopher Knittel, , David Rapson, Mar Reguant, and Catherine Wolfram, . 2017. "Machine learning from schools about energy

efficiency". National Bureau of Economic Research.No. w23908. Research Paper


https://www.povertyactionlab.org/person/ryan
https://www.nber.org/papers/w24619
https://www.povertyactionlab.org/knittel
https://www.povertyactionlab.org/wolfram
https://www.nber.org/papers/w23908

