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Abstract
Feedback interventions are a promising tool for promoting household energy conservation 
and addressing climate change. This study examines whether their effectiveness improves 
with incentivized energy saving goals through a field experiment involving 422 Singa-
porean households over eight months. All treatment groups received tailored feedback 
reports, energy saving goals, and tips. Two groups also received additional incentives: 
monetary rewards or environmental donations. Households receiving only feedback, goals 
and savings tips reduced electricity use by 16% compared to the control group, but those 
offered additional monetary or environmental incentives achieved no further savings. No-
tabl the effects persisted marginally post-intervention in the goal treatment. These results 
indicate that low-cost behavioral strategies like feedback, savings tips and goal setting 
can be as effective as costly incentives, providing a scalable and economical pathway for 
energy conservation initiatives.

Keywords  Energy conservation · Incentives · Feedback · Goal-setting · Field experiment
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1  Introduction

More than two-thirds of anthropogenic global greenhouse gas emissions are linked to 
energy production and consumption (World Resources Institute 2020). As the impact of cli-
mate change is becoming more and more serious each year, residential energy conservation 
is an important factor in reducing greenhouse gas emissions and fighting climate change. 
Approximately 25 percent of the total energy usage is consumed by the residential sector 
(International Energy Agency 2020). Consequently, many scholars examine different inter-
ventions to increase residential energy conservation efforts.1

The most common behavioral intervention consists of feedback reports on a household’s 
previous energy consumption with some kind of social comparison to similar homes (see 
e.g. Allcott 2011), mainly due to low implementation costs. Studies show that these kinds of 
interventions reduce household energy consumption by approximately 2–4 percent (Allcott 
2011) or even less (Andor et al. 2020), so their impact is limited.

One way to enhance the effect of these feedback reports might be to combine them with 
specific and realistic energy savings goals and energy savings tips (Harding and Hsiaw 
2014; Locke and Latham 2002; Loock et al. 2013).

Another possibility to improve the effectiveness of feedback reports may be to offer mon-
etary incentives for reducing electricity consumption (see e.g. Abrahamse et al. 2005; Dolan 
and Metcalfe 2015; Goetz et al. 2024; Maki et al. 2016). The idea is that these incentives 
may provide an additional, extrinsic source of motivation, especially for individuals who 
would otherwise not reduce electricity consumption. However, monetary incentives may 
not be necessary among households that already have a high intrinsic motivation to save 
energy for environmental reasons. On the contrary, monetary incentives can even crowd out 
intrinsic motivation and warm glow benefits of pro-environmental behavior (Mellström and 
Johannesson 2008; Sudarshan 2017). While it may be difficult to boost the motivation of 
intrinsically motivated individuals with monetary incentives, it may be possible by reward-
ing (further) electricity saving efforts by offering additional incentives for the environment 
(Mellström and Johannesson 2008; Gosnell et al. 2020). Intrinsically motivated households 
could thus increase their pro-environmental impact beyond their individual impact through 
saving electricity when their effort is rewarded with additional benefit to the environment.

This study investigates whether combining consumption feedback with realistic goal set-
ting and two types of incentives– either a monetary reward for the household or an environ-
mental contribution in the form of a donation to an environmental organization chosen by 
the household– can more effectively reduce electricity consumption compared to feedback 
and goal setting without such incentives.

To this end, we conducted a randomized field experiment with 442 households located on 
the campus of Nanyang Technological University (NTU) in Singapore over eight months. 

1 Examples for these kind of interventions include, e.g. social norms and peer comparison (Allcott 2011; 
Ayres et al. 2013; Costa and Kahn 2013; Myers and Souza 2020), home energy audits (Considine and Sapci 
2016), provision of information (Allcott and Rogers 2014; Martin and Rivers 2018; Newell and Siikamäki 
2014), real-time aggregated consumption feedback (Houde et  al. 2013) or (real-time) appliances specific 
feedback (Attari et al. 2014; Brülisauer et al. 2020; Tiefenbeck et al. 2018), group-level incentives (Bekker 
et al. 2010; Katzev and Johnson 1984; McClelland and Cook 1980; Sintov et al. 2016), provision of informa-
tion and goal setting (Goetz et al. 2024; Harding and Hsiaw 2014; Karp et al. 2016; McCalley and Midden 
2002), feedback reports and monetary incentives (Dolan and Metcalfe 2015; Hayes and Cone 1977; Pellerano 
et al. 2017; Sudarshan 2017).
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After a two-month pre-intervention period in which baseline consumption data were col-
lected, households in our field experiment were randomly assigned to the control group 
(CONTROL) or to one out of three treatment groups. The first treatment group (GOAL) 
received monthly energy consumption feedback and the goal of conserving 10% of their 
electricity consumption for three months– relative to the average in the pre-intervention 
period and some energy savings tips to reach the goal. The treatment groups (MONEY and 
DONATION) received the same feedback, tips and conservation goal, but reaching the 10% 
conservation goal was additionally incentivized. At the end of the three-month intervention 
period, one out of the three months was randomly selected to determine goal achievement. If 
a household achieved the electricity savings goal in that particular month, it received S$100 
in cash. At a kWh price of around S$0.2156 (SP Group 2018) at the time of our experiment 
and an average household-level consumption of 495 kWh this incentive is roughly equiva-
lent to a monthly electricity bill of a household in our sample (of S$106.72 on average).2 
Households in the MONEY group who achieved the energy savings goal received the mon-
etary incentive for themselves. Households in the DONATION condition faced the same 
payout conditions, but the money was donated to an environmental organization of the 
household’s choice.

Our results show that compared to the control group, monthly feedback combined with 
an electricity savings goal and energy savings tips significantly reduced electricity con-
sumption by approximately 16 percentage points in the intervention period.

Moreover, we find that neither the individual monetary incentive in the MONEY treat-
ment nor the monetary incentive for an environmental charity in the DONATION treatment 
increased households’ electricity conservation efforts beyond the effect of feedback, goal 
setting and tips in the GOAL treatment. Furthermore, while in the treatment with feedback 
and goal-setting alone, post-intervention effects were marginally significant, they did not 
persist in the two treatment groups with additional incentives.

Consequently, feedback combined with goal setting was equally effective as when com-
bined with additional (financial) incentives. Policymakers may benefit from our findings 
when designing interventions to reduce electricity consumption.

The remainder of the paper is organized as follows: Section 2 explains the experimental 
set-up, the identification strategy, and the data of our study. The results are presented in 
Sect. 3. We discuss our results and conclude in Sect. 4.

2  Experimental Set-up

2.1  Sample Selection and Data

Our field experiment was conducted with staff households at Nanyang Technological Uni-
versity (NTU) in Singapore in 2018. All apartments on campus have the same or very simi-
lar facilities and appliances, for example, the same fan and air-conditioning devices. This 
has the advantage that appliance-specific aspects that could influence the usage and energy 
consumption of these devices (Andor et al. 2019) can be excluded. Consequently, most of 
the variance in electricity consumption is related to behavioral aspects and observable char-

2 At the time of the study, S$100 (100 Singapore Dollars) were equivalent to US$75.
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acteristics of the households. Moreover, all households on campus are served by the same 
utility provider and pay the same tariff as any other household in Singapore.

The study was framed as a sustainability project of NTU contributing to a 35% reduc-
tion in energy, water, and waste intensity (compared to 2011) pursued by the university. All 
households were part of the study by default (opt-out design). Of the approximately 600 
staff apartments on campus, approximately 20% were not occupied or under renovation. 
The accommodation office provided a list of the 484 occupied apartments, which were all 
invited to be part of the study before they were assigned to the different treatments (see 
Appendix D for the information letter sent out by NTU). Of the 484 households contacted, 
32 opted out before the start of the intervention. Another 10 households moved away from 
campus during the intervention period, which led to a total sample size of 442 households. 
Monthly electricity data from all participating households was available (our research team 
read out the electricity meters located outside of the apartments every month at the same 
time.)

Moreover, we randomly selected 152 households for the installation of sub-meters that 
measure granular data on air-conditioning and fan usage (see Appendix E for the invitation 
letter and consent form). A roll-out in all households was not possible due to budget con-
straints. With these more granular data, we had originally hoped to gain additional insights 
in specific conservation behaviors regarding indoor cooling, which is the largest household 
electricity end use in Singapore, accounting for 38 percent of the residential electricity con-
sumption (Energy Efficient Singapore 2020). Unfortunately, the deployment of these sub-
meters resulted in a couple of problems, in particular possible interaction effects between 
intervention and installation of devices (see Appendix A.1 and A.2 for details). In particu-
lar, the Column (3) results of Table 7 in Appendix A.2 indicate that the installation of the 
devices already triggered behavior. Therefore, we focus our main analysis on the group of 
households without an installed sub-meter (N=322) and report the results of the full sample 
in the Appendix.

2.2  Experimental Conditions

Our study design comprises four experimental conditions and three periods: a two-month 
baseline period (February 20 to April 20, 2018), a three-month intervention period (April 21 
to July 20, 2018), and a three-month post-intervention period (July 21 to October 20, 2018). 
Assignment to one of the four experimental conditions (CONTROL, GOAL, MONEY, and 
DONATION was performed randomly after the initial data collection in the baseline peri-
od.3 Table 1 shows the timeline of the study and an overview of the different experimental 
groups.

At the end of the baseline period the three treatment groups (GOAL, MONEY, and DONA-
TION) received information about their electricity consumption in the baseline period (i.e. 
the two previous months), a 10% electricity conservation goal relative to the household’s 
electricity consumption in the baseline period (2-month average) and energy savings tips 

3 An alternative and potentially more suitable baseline period would have been the same months of the inter-
vention period in the previous year to control for seasonality both in households’ consumption patterns and 
weather. For reasons of data availability, a generally low variation in temperature across the year in Singa-
pore, and to avoid potential year-over-year changes in occupancy of apartments, we opted for a baseline 
period immediately preceding the intervention period.
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helping to reach the goal. The households were encouraged to reduce their electricity con-
sumption to or below the goal in the following three months (intervention period). In the 
GOAL treatment, there was no incentive to reach the 10% electricity conservation goal.

In the other two treatment groups, MONEY and DONATION, reaching the 10% conser-
vation goal was additionally incentivized. The respective households were informed that 
at the end of the three-month intervention period, one out of the three months would be 
randomly selected to determine goal achievement. If a household achieved the electric-
ity savings goal in that particular month, it received either S$100 in cash (MONEY) or the 
S$100 was donated to an environmental charity of the household’s choice (DONATION); 
see Appendix D for the energy savings tips and the additional treatment descriptions).

At the end of each month, the households received reports mailed by post, informing 
them whether they had achieved the electricity savings goal in that month, reminding them 
of the conservation goal, and providing energy savings tips. While the reminders were oth-
erwise identical between the treatments, households in MONEY and DONATION were addi-
tionally reminded about the monetary incentives for themselves or for charity. In addition, 
the households also received this information and the energy savings tips via e-mail every 
two weeks (see Appendix D). After the intervention period, no additional feedback reports 
were sent to the households.4

Households in the control group received neither information nor feedback about their 
electricity consumption or energy savings tips during the entire study period. However, they 
were aware of the ongoing energy challenge at NTU and all households on campus gener-
ally receive an electronic electricity bill with information about their current monthly and 

4 Two weeks after the intervention period, the households were informed which month had been randomly 
selected to determine goal achievement. The electricity consumption in that month was compared to their 
consumption in the baseline period. If they reached the goal, they were informed that they would receive the 
incentive (payment or donation). One month later, the incentives were paid out to the households (MONEY) 
or to the charity of their choice (DONATION).

Table 1  Overview of the experimental design
Control group Feedback + 

goal (GOAL)
Feedback + monetary 
incentivized goal 
(MONEY)

Feedback + environ-
mentally incentivized 
goal (DONATION)

Sample size Total: 112 (79 
without sub-
meter, 33 with)

Total: 112 
(82 without 
sub-meter, 30 
with)

Total: 112 (84 without 
sub-meter, 28 with)

Total: 106 (77 without 
sub-meter, 29 with)

Phase I: Baseline 
(21 Feb- 20 April; 2 
months)

No intervention

Phase II: Interven-
tion (21 April - 20 
July; 3 months)

No intervention Feedback, 
savings tips, 
10% energy 
conservation 
goal

Feedback, savings 
tips, 10% energy 
conservation goal with 
monetary incentive 
(S$ 100 conditional on 
achievement)

Feedback, savings 
tips, 10% energy 
conservation goal with 
environmental incen-
tive (S$ 100 donated 
to an environmental 
organization condi-
tional on achievement)

Phase III: Post-
intervention (21 July 
- 20 Oct.; 3 months)

No intervention
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historical electricity consumption and the amount to be paid. Thus, in principle, households 
in all conditions had access to information about their individual electricity consumption.

2.3  Identification Strategy and Descriptive Statistics

For the analysis, we use a differences-in-differences estimation strategy with monthly 
energy consumption as the dependent variable. Standard errors were clustered at the house-
hold level. Additional robustness checks, including regressions for the entire sample, are 
provided in Appendix C.

Table 2 shows the household characteristics of the experimental groups. Our sample 
(322 households without sub-meters) consists of 79 households in the CONTROL group, 
82 in the GOAL group, 84 in the MONEY group and 77 households in the DONATION 
group, respectively. The majority (80%) of the households had three bedrooms, 18% had 
two bedrooms and only 3% had more than three bedrooms. As the study was conducted in 
academic staff housing, most households had one member that was a faculty (professor or 
post-doc). Thus, our residents are more educated than the average Singaporean population 
with an upper-medium income level. F-tests did not indicate significant differences between 
the different experimental conditions in terms of these characteristics.

As Table 2 shows, there are also no significant differences in the key dependent variable 
of monthly electricity consumption in the baseline period. On average, the households con-
sumed 495 kWh per month during the baseline period.

CONTROL GOAL MONEY DONATION F-sta-
tistic

No. of 
Bed-
rooms 
%
2 Bed-
rooms

0.18 (0.38) 0.17 
(0.38)

0.20 
(0.40)

0.14 (0.35) 0.797

3 Bed-
rooms

0.80 (0.40) 0.79 
(0.41)

0.77 
(0.42)

0.86 (0.35) 0.529

More 
than 3 
Bed-
rooms

0.03 (0.16) 0.04 
(0.19)

0.02 
(0.15)

0.00 (0.0) .

Month-
ly elec-
tricity
Use in 
kWh
Baseline 486.3 

(298.7)
522.0 
(326.0)

494.1 
(303.8)

508.7 (378.1) 0.895

Inter-
vention

471.8 
(319.8)

439.4 
(291.6)

422.2 
(291.5)

443.3 (366.9) 0.357

Post-
inter-
vention

495.5 
(292.2)

489.6 
(300.0)

479.9 
(295.5)

494.4 (385.9) 0.940

House-
holds

79 82 84 77

Table 2  Household 
characteristics

Notes: Means of key household 
characteristics, standard 
deviation in parentheses. 
Percentages add up to 
100 within columns. The 
F-test column displays 
the p-value for the test 
βGOAL = βMONEY = βDONAT ION = 0
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3  Results

Table 3 presents the results of the difference-in-difference regressions testing for the sig-
nificance of our interventions. We find that all three treatment groups significantly reduced 
their monthly energy consumption between 51 kWh (13 percent) and 68 kWh (16 percent) 
compared to the control group during the intervention period (see coefficients related to 
intervention).5 Thus, the results indicate that our intervention had a large and significant 
impact on the energy consumption of the treated households (see also Table 8 in the appen-
dix for non-parametric tests and Table 9 for regressions including fixed effects). Figure 1 
presents the results graphically. The treatment effect is sizable compared to previous studies 
(between 0% and 8%) that provided feedback on aggregated household electricity use (see 
e.g. Allcott 2011; Dolan and Metcalfe 2015).

However, the effects of the different treatments are not statistically different from 
each other, as revealed by two-sided post-estimation Wald tests (GOAL vs. MONEY: 
F(1,321)=0.24, p-value=0.62; GOAL vs. DONATION: F(1,321)=0.57, p-value=0.45; 
MONEY vs. DONATION: F(1,321)=0.07, p-value=0.79 in the intervention phase, respec-
tively). Panel A of Table 4 shows that only very few (between 13% and 17%) households in 

5 Note that the first three dummies GOAL, MONEY and DONATION correspond to differences at baseline 
between the control group and the three treatment groups, as shown in Table 2.

(1) (2) (3) (4)
GOAL 35.63 17.43 0.12 0.08

(49.12) (43.72) (0.11) (0.10)
MONEY 7.59 −1.24 0.04 0.02

(47.08) (41.68) (0.11) (0.10)
DONATION 22.22 11.28 0.03 −0.01

(54.49) (48.92) (0.12) (0.11)
Intervention
GOAL −67.99** −67.99** −0.16** −0.16**

(26.66) (26.71) (0.06) (0.06)
MONEY −57.14** −57.14** −0.15** −0.15**

(27.40) (27.46) (0.06) (0.07)
DONATION −50.67* −50.67* −0.13* −0.13*

(28.05) (28.10) (0.06) (0.06)
Post-Intervention
GOAL −41.55* −41.67* −0.11* −0.11*

(22.40) (22.32) (0.06) (0.06)
MONEY −23.18 −23.18 −0.08 −0.08

(22.40) (22.32) (0.06) (0.06)
DONATION −23.35 −23.35 −0.09 −0.09

(25.95) (26.00) (0.06) (0.06)
Intervention −14.59 −14.59 −0.05 −0.05

(22.08) (22.12) (0.05) (0.05)
Post-Intervention 9.16 9.16 0.05 0.05

(18.11) (18.15) (0.05) (0.05)
N 2568 2568 2568 2568
R2 .007 .193 .012 .208

Table 3  Treatment effects on 
electricity consumption

Column (1) DiD on monthly 
electricity consumption in 
kWh without control, (2) with 
controls (number of bedrooms, 
housetype and job position), (3) 
in logs without controls, (4) in 
logs with controls. Coefficients 
are statistically significant at 
the *10%, **5%, ***1% level. 
Standard errors are clustered at 
the household level
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the treatment conditions never reached the goal in the three-month intervention period. This 
shows that the majority of the households that were part of our intervention reduced their 
electricity consumption in at least one month. Approximately 21 percent of the households 
in the three treatment conditions reached the 10% energy conservation goal in all three 
months. Panel B– D of the table show the goal achievement rate by month of intervention 
and the probabilities of reaching a goal in the second (third) month of the intervention 
period, conditionally on having reached the goal in the first (second) month of the inter-
ventio period. There is no statistically significant difference in the goal achievement rates 
between the three experimental conditions.

Compared with the control group, our treatment effects also persist in the post-interven-
tion period in the GOAL group (see post-intervention coefficients in Table 3). We observe a 
significant reduction in monthly electricity consumption by 42 kWh (11 percentage points) 
between the baseline and post-intervention periods for households in this group compared 
to the control group. For the MONEY and DONATION groups, the coefficients are also 
negative in the post-intervention period, but the effects are not significant compared to the 
control group. Overall, our incentives (monetary and environmental incentives) do not seem 
to induce an additional boost in pro-environmental efforts for electricity conservation.

4  Discussion and Conclusion

Our study contributes to a growing body of empirical studies showing that feedback inter-
ventions can reduce resource electricity (and more generally: resource) consumption irre-
spective of (monetary) incentives (Tiefenbeck et al. 2019). Our findings thus complement 
the studies on Home Energy Reports (Allcott 2011; Allcott and Rogers 2014), which docu-
ment the large-scale feasibility of feedback interventions with very large samples, yet with 
modest savings effects in the range of 0.7 to 2% (Allcott and Rogers 2014; Andor et al. 2020) 
of household electricity consumption. In those studies, it remains unclear to what extent the 
savings are driven by social norms, environmental considerations, monetary considerations 
(reducing the household electricity bill), or a mix thereof. Tiefenbeck et al. (2019), on the 

Fig. 1  Monthly energy consumption over time by experimental condition
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other hand, show in a study with hotel guests that feedback on resource consumption can 
yield large savings in the complete absence of monetary incentives. Our study complements 
these findings by showing that at least in our sample, the conservation effect achieved by 
feedback, goal setting and energy savings tips alone is not augmented by the additional pro-
vision of substantial (financial) incentives, neither in the form of direct monetary incentives 
for the household itself, nor in form of a donation to an environmental organization. Impor-
tantly, our monetary incentives are well above those used in other studies where incentives 
for energy conservation are often limited to the savings that accrue from the kWh saved 
(e.g., Allcott and Rogers 2014), or only participation is incentivized (typically by providing 

# of times 
the goal was 
achieved

GOAL MONEY DONATION Total

Panel A: Overall - All intervention months
Never 13 11 13 37

(15.85%) (13.10%) (16.88%) (15.23%)
In one month 27 27 21 75

(32.93%) (32.14%) (27.27%) (30.86%)
In 2 months 24 28 27 79

(29.27%) (33.33%) (35.06%) (32.51%)
In all 3 months 18 18 16 52

(21.95%) (21.43%) (20.78%) (21.40%)
Panel B: 1st Intervention Month
1st Month only 28 32 30 90

(34.15%) (38.1%) (38.96%) (37.04%)
Not Reached 54 52 47 153

(65.85%) (61.9%) (61.04%) (62.96%)
Panel C: 2nd Intervention Month
2nd Month only 25 23 20 68

(30.49%) (27.38%) (25.97%) (27.98%)
1st & 2nd Month 19 19 18 56

(23.17%) (22.62%) (23.38%) (23.05%)
Not Reached 38 42 39 119

(46.34%) (50.00%) (50.65%) (48.97%)
Panel D: 3rd Intervention Month
3rd Month only 16 18 14 48

(19.51%) (21.43%) (18.18%) (19.75%)
2nd & 3rd Month 16 19 13 48

(19.51%) (22.62%) (16.88%) (19.75%)
1st & 3rd Month 7 8 12 27

(8.54%) (9.52%) (15.58%) (11.11%)
1st, 2nd & 3rd 
Month

18 18 16 52

(21.95%) (21.43%) (20.78%) (21.40%)
Not Reached 25 21 22 68

(30.49%) (25.00%) (28.57%) (27.98%)
Total 
households

82 84 77 243

(100%) (100%) (100%) (100%)

Table 4  Number of households 
reaching the 10% energy conser-
vation goal in the intervention 
period

In panel A, the table shows the 
number of months in which the 
households reached the goal in 
the 3-month intervention period. 
Panels B - D show conditional 
probabilities of reaching the 
goal of households in the 1st, 
2nd and 3rd month of the 
intervention period, respectively
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an in-home-display for free), but no additional payouts for electricity savings are provided 
(e.g., Carroll et al. 2014; Mogles et al. 2017; van Dam et al. 2010).

In all three treatment groups, the effects are sizable compared to other feedback studies 
in the electricity conservation field. Most studies in which participants receive feedback 
on their consumption at the household level report reductions in the range of 0.7% (Andor 
et al. 2020) and 8% (Dolan and Metcalfe 2015). In fact, effect sizes in our study are more 
comparable to studies in which participants receive feedback on their resource consump-
tion in energy-intensive end-uses such as air-conditioning or showering: For comparison, 
Brülisauer et al. (2020) report a 17% conservation effect on energy use for air-conditioning 
and Tiefenbeck et al. (2018) report an 22% average treatment effect on energy (and water) 
use in the shower.

One reason why electricity savings in our study may have been more substantial com-
pared to similar interventions (providing feedback at the household level) is that our study 
was conducted in Singapore, a country with tropical climate conditions, and thus, high 
demand for indoor cooling. In that climate, the levers for electricity savings are much larger 
than those in moderate zones where indoor cooling does not make up for a large share in the 
electricity consumption of households. In other temperature zones like Europe, e.g., heating 
which is mostly does not rely on electricity is one of the drivers of resource use. Our results 
are therefore in line with the large effects reported by Brülisauer et al. (2020), whose study 
also took place in Singapore, albeit with an appliance-specific focus on air-conditioning. 
Conversely, Andor et al. (2020) report much smaller conservation effects when replicating 
the Opower studies (that Allcott (2011) had conducted in the United States) in European 
countries with a more moderate climate. These findings indicate that in countries where 
appliances account for only a small fraction of residential energy use, households have a 
smaller margin to realize substantial electricity savings, compared to households in hot, 
humid, or tropical climate zones. Moreover, from a self-efficacy perspective, it is more 
likely that individuals keep up their efforts when they realize that their actions actually make 
a meaningful difference (Bandura 2010). While the effect of cutting down on the use of air 
conditioning is likely to be noticeable on the monthly electricity bills, conservation efforts 
related to low-electricity-consuming appliances (e.g., switching off lights) hardly result in 
meaningful savings, which makes it less likely that individuals will maintain their efforts.

Another potential reason for the sizable effects observed in our study is that the pre-
installed fans in the apartments offered a low-consumption alternative for indoor cooling 
that allowed households to maintain a similar, or at least adequate level of comfort. The 
availability of this alternative might have left the households’ utility in terms of cooling rela-
tively stable. Our analysis in Appendix A.1 supports this argument. When analyzing elec-
tricity consumption of households with sub-meters, our results suggest that at least some 
households substitute air conditioning with fan use.

We can also not rule out that our sample, given its fairly high income and education level, 
is more receptive to pro-environmental messages and less responsive to monetary incentives 
than the average population. Although our (financial) incentives were substantially larger 
than the mere cost savings through lower kWh consumption in other studies, it might be that 
our incentives (that benefited participants themselves or an environmental charity) were not 
sufficiently strong to serve as a meaningful source of motivation for additional conservation 
efforts beyond the effect already achieved by the GOAL treatment. Moreover, our study 
was conducted with staff households on an university campus. Therefore, there might be an 

1 3

1508



Switching Off: Energy Saving Goals Outshine Incentives—Evidence from…

effect linked to participants’ relationship with the university. For example, households may 
have been motivated to comply to impress their employer or to contribute to the university’s 
research goals. This may contribute to our effect size and may explain why we do not see an 
immediate treatment effect beyond the GOAL treatment. Given the high level of education 
of our sample and our subject pool, caution is warranted with respect to the external validity 
of the findings.

However, there are also arguments suggesting that our effects actually represent lower 
bounds. For example, our experiment was conducted with university employees and spill-
over effects from treated to control households cannot be discarded. This would imply 
that we underestimate our effects. Similarly, our intervention period included the semester 
break where many households may have been absent. Effects could therefore be even more 
pronounced during another three month period during a year or with a different sample. 
Additional studies should try to investigate if the results can be replicated with a more rep-
resentative sample.

Overall, our findings contribute to the understanding of residential electricity conser-
vation interventions by showing that low-cost behavioral interventions may already be 
effective in inducing electricity-saving behavior. They can easily be scaled, as they do not 
necessarily need to be accompanied by additional monetary incentives (for oneself or as 
an additional incentive for the environment). Our results suggest that targeting behavioral 
interventions to high-electricity-consuming appliances is promising as an effective strategy 
to combat climate change. Moreover, our findings indicate that the availability of alterna-
tive appliances that consume less electricity may play an important role in the effectiveness 
of behavioral interventions. We conjecture that technological innovations and behavioral 
interventions may be a potent combination to combat climate change and reduce electricity 
consumption in the residential sector. However, more studies are needed to better under-
stand the interplay between behavioral measures and energy-efficient technologies.

A: Additional Analysis Including Households with Sub-meter for Air-
conditioning and Fan Usage

A.1: Descriptive Data of Households with Sub-meters

As outlined in Sect. 2, the original sample consisted of 484 households, out of which 152 
households were randomly selected to have a sub-meter installed in their apartment. The 
goal was to collect more granular data in that sub-sample to better understand if participants 
would substitute the use of energy-intensive air-conditioning with fans as a much more 
energy-efficient alternative cooling technology. However, due to the methodological issues 
described in the following section A.2), our main analysis focuses on the sample of house-
holds without sub-meters. Nevertheless, for transparency reasons, we also report the results 
of the households with sub-meters. To that end, we first provide additional information and 
descriptive data of the sample with sub-meters in this section and present the results of the 
households with sub-meters in the Sect. A.2.

The sub-meters were small white boxes that were (typically) installed in the kitchen 
or storage room at the end of the baseline period. Households were informed that the sub-
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meters would collect high-resolution data regarding patterns of electricity consumption, 
but were not aware that the devices only monitored air conditioning and fan consumption. 
Out of the 152 households selected, 20 households either refused to receive a sub-meter 
or an appointment for installation was not possible due to a lack of availability. Another 
12 sub-meters had to be uninstalled because of maintenance work in the houses during the 
intervention or had data connection issues. This led to a total of 120 households with work-
ing sub-meters in our dataset.

Table 5 shows the average monthly electricity consumption in the months before the 
installation of the sub-meter distribution. While there are some differences in monthly elec-
tricity consumption for households with and without sub-meter (e.g. the control group with 
sub-meter has a monthly electricity consumption of 388 kWh before the installation of the 
device, while the control households without the device have a monthly consumption of 455 
kWh), these differences are not significant at conventional levels.

A.2: Analysis of the Full Sample

Table 6 presents an extended version of the results presented in Table 3. It includes two 
additional columns (5 and 6) with the results of two additional fixed-effects regressions with 
daily electricity consumption for air-conditioning and fan usage as dependent variables on 
the sub-sample of households with sub-meters. The average daily electricity use for air-
conditioning in households with sub-meters in the baseline period ranged between 3.7 and 
4.4 kWh, depending on the experimental condition. Column (5) suggests that our interven-
tion significantly decreased daily air conditioning usage by approximately 2 kWh. This cor-
responds to a very large reduction of approximately 50%, which would add up to approxi-
mately 60 kWh per month. Conversely, column (6) indicates that fan usage increased with 
the intervention. Average daily baseline fan consumption was between 0.49 kWh and 0.62 
kWh depending on the experimental condition. This indicates that households may have 
substituted air-conditioning with fans as a more energy-efficient means of indoor cooling. 
Although the positive coefficients for the daily electricity consumption of fans are not sig-
nificant at conventional levels, they indicate that (at least some of the) households intended 
to maintain levels of comfort by resorting to alternative (low consumption) appliances.

Table 7 shows the treatment effects depending on the sample restrictions. Column (1) of 
the table shows that the main treatment effects for our full sample in the in the intervention 
period and the post-intervention period are robust. They are smaller yet, sizeable compared 
to previous studies. Treatment effects for all households are smaller because of a limited 
impact of our interventions on households with installed sub-meters (see column (3)). 
Effects for households with installed sub-meter are smaller because of potential differences 
pre-experiment. Additional analysis controlling for time trends show a similar (directional) 
effect for all households (including and excluding sub-meters).

Table 5  Average electricity consumption in September and November (2017) by sub-meter installation
Pooled Control Goal Money Donation

Sub-meter 415.07 387.76 384.96 443.75 449.60
No sub-meter 445.94 455.12 442.00 433.70 454.08
T-test 0.31 0.21 0.31 0.88 0.95
Average electricity consumption in October and November 2017 (=three months before the start of our 
experiment) was provided to us by the management of the University
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B: Cost Calculation for Scale-up

The cost calculation for the scale-up is based on the assumption that all Singaporean house-
holds behave like the households in the MONEY group of our sample and that (like in our 
experiment) one out of the three intervention months is randomly selected. We calculate 
with 1.372.400 Singaporean households (Department of Statistics Singapore 2020). The 
goal achievement rates can be found in Table 4.

	

Expected costs =1.372.400 Households × 0.32 × 1
3

× S$100

+ 1.372.400 Households × 0.33 × 2
3

× S$100

+ 1.372.400 Households × 0.21 × S$100
= S$73.653.133

Table 6  Treatment effects on electricity consumption and indoor cooling
(1) (2) (3) (4) (5) (6)

GOAL 35.63 17.43 0.12 0.08
(49.12) (43.72) (0.11) (0.10)

MONEY 7.59  −1.24 0.04 0.02
(47.08) (41.68) (0.11) (0.10)

DONATION 22.22 11.28 0.03 -0.01
(54.49) (48.92) (0.12) (0.11)

Intervention
GOAL −67.99**  −67.99**  −0.16**  −0.16**  −2.30*** 0.12

(26.66) (26.71) (0.06) (0.06) (0.58) (0.12)
MONEY  −57.14**  −57.14**  −0.15**  −0.15**  −1.53***  −0.04

(27.40) (27.46) (0.06) (0.07) (0.56) (0.13)
DONATION  −50.67*  −50.67*  −0.13*  −0.13*  −1.48*** 0.05

(28.05) (28.10) (0.06) (0.06) (0.57) (0.13)
Post-Intervention
GOAL  −41.55*  −41.67*  −0.11*  −0.11*  −1.39 0.14

(22.40) (22.32) (0.06) (0.06) (1.02) (0.14)
MONEY  −23.18  −23.18  −0.08 -0.08  −1.08 0.02

(22.40) (22.32) (0.06) (0.06) (0.86) (0.17)
DONATION  −23.35  −23.35 -0.09  −0.09  −0.36 0.03

(25.95) (26.00) (0.06) (0.06) (0.86) (0.14)
Intervention  −14.59  −14.59  −0.05  −0.05

(22.08) (22.12) (0.05) (0.05)
Post-Intervention 9.16 9.16 0.05 0.05

(18.11) (18.15) (0.05) (0.05)
N 2568 2568 2568 2568 28492 28492
R2 .007 .193 .012 .208 .026 .025
Column (1) DiD on monthly electricity consumption in kWh without control, (2) with controls (number of 
bedrooms, housetype and job position), (3) in logs (4) in logs with controls, (5) FE regression on daily AC 
consumption, (6) FE regression on daily fan consumption in kWh (both with months fixed effects). Kindly 
note that regressions (1), (2) (3) and (4) include only households without installed sub-meter and monthly 
values whereas regressions (5) and (6) are run on the sample with sub-meters only (N=120 Households) 
with daily consumption values. Coefficients are statistically significant at the *10%, **5%, ***1% level. 
Standard errors are clustered at the household level
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Scaling up the financial incentives to one year would thus imply costs of 
S$73, 7M × 4 = S$294, 612M  (approximately US$220 Million).

C: Robustness Checks and Additional Analysis

C: Treatment Effects with Wilcoxon-Mann-Whitney-Test

All HH HH without SM HH with SM
GOAL 17.17 35.63  −35.08

(40.15) (49.12) (66.84)
MONEY 13.86 7.59 29.52

(41.04) (47.08) (86.16)
DONATION 23.05 22.22 23.88

(44.19) (54.49) (73.16)
Intervention
GOAL  −38.95*  −67.99** 32.43

(22.70) (26.66) (41.92)
MONEY  −36.86  −57.14** 9.71

(23.09) (27.40) (41.00)
DONATION  −38.71  −50.67*  −13.10

(23.87) (28.05) (43.76)
Post-Intervention
GOAL  −41.29**  −41.55*  −38.25

(20.08) (22.40) (42.29)
MONEY  −29.29  −23.18  −47.57

(20.08) (22.40) (42.29)
DONATION  −25.31  −23.35  −30.45

(21.83) (25.95) (39.32)
Intervention  −38.11**  −14.59  −94.41***

(18.76) (22.08) (33.89)
Post-Intervention 8.49 9.16 6.44

(16.73) (18.11) (36.85)
N 3524 2568 956
R2 .009 .007 .023

Table 7  Differences-in-Differ-
ences regression on monthly 
energy consumption in kWh 
- Households with and without 
sub-meter (SM)

Column (2) HH without SM 
corresponds to the results 
presented in table 3, Column 
(1). Coefficients are statistically 
significant at the *10%, **5%, 
***1% level. Standard errors 
clustered at the household level
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C.2: Fixed-Effects Regression

Table 8  Test for differences in monthly energy consumption between experimental groups
(1) (2) (3)

Control vs. Goal 0.59 0.00 0.00
Control vs. Money 0.97 0.00 0.00
Control vs. Donation 0.81 0.01 0.00
Goal vs. Money 0.59 0.98 0.70
Goal vs. Donation 0.45 0.66 0.96
Money vs. Donation 0.81 0.82 0.80
P-values from Wilcoxon rank-sum (Mann-Whitney) test comparing differences of monthly energy 
consumption by experimental group. Column (1) average monthly electricity consumption at baseline, 
(2) difference in average monthly electricity consumption from baseline to intervention period, (3) 
difference in average monthly electricity consumption from baseline to post-intervention period. N=79 for 
Control, N=82 for Goal, N=84 for Money and N=77 for Donation in each period. Baseline consumption 
is 486.34 kWh for Control, 521.97 kWh for Goal, 493.93 kWh for Money and 508.56 kWh for Donation. 
Difference in electricity consumption intervention period to baseline -14.59 kWh for Control, -82.58 kWh 
for Goal, -71.73 kWh for Money and -65.27 kWh for Donation. Difference in electricity consumption post-
intervention period to baseline 9.16 kWh for Control, -29.82 kWh for Goal, -14.02 kWh for Money and 
-14.19 kWh for Donation

Effect on monthly kWh
Goal × Intervention  −67.99**

(26.67)
Money × Intervention  −57.14**

(27.42)
Donation × Intervention  −50.67*

(28.06)
Goal × Post-Intervention  −40.93*

(22.47)
Money × Post-Intervention  −23.18

(20.05)
Donation × Post-Intervention  −23.35

(25.96)
N 2568
R2 0.12

Table 9  Fixed-Effect regression 
on monthly electricity consump-
tion in kWh

Coefficients are statistically 
significant at the *10%, **5%, 
***1% level. Standard errors 
clustered at the household level. 
Months fixed effects included
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D: Study Information, Treatment Messages and Energy Savings Tips

Note: Information CONTROL + ALL treatments
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Note: GOAL treatment
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Note: MONEY treatment
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Note: DONATION treatment
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Note: Energy savings tips sent to all households in GOAL, MONEY and DONATION in all intervention 
months
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Note: GOAL treatment - First feedback: Goal achieved
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Note: GOAL treatment - First feedback: Goal not achieved
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Note: MONEY treatment - First feedback: Goal achieved
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Note: MONEY treatment - First feedback: Goal not achieved
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Note: DONATION treatment - First feedback: Goal achieved
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Note: DONATION treatment - First feedback: Goal not achieved
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Note: GOAL treatment - Second feedback: Goal achieved
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Note: GOAL treatment - Second feedback: Goal not achieved

1 3

1526



Switching Off: Energy Saving Goals Outshine Incentives—Evidence from…

Note: MONEY treatment - Second feedback: Goal achieved
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Note: MONEY treatment - Second feedback: Goal not achieved
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Note: DONATION treatment - Second feedback: Goal achieved
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Note: DONATION treatment - Second feedback: Goal not achieved
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Note: GOAL treatment - Third feedback: Goal achieved
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Note: GOAL treatment - Third feedback: Goal not achieved
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Note: MONEY treatment - Third feedback: Goal achieved
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Note: MONEY treatment - Third feedback: Goal not achieved
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Note: DONATION treatment - Third feedback: Goal achieved
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Note: DONATION treatment - Third feedback: Goal not achieved
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E: Sub-meter Households: Invitation and Consent Form

Note: Invitation to install sub-meters
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Note: Consent form: sub-meters

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 
licence, and indicate if changes were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. 
If material is not included in the article’s Creative Commons licence and your intended use is not permitted 
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