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Smart Energy Cities: The Role 
of Behavioral Interventions in Reducing 
Electricity Demand in Buildings 
in Principality of Monaco

Fateh Belaïd, Mira Toumi, and Nathalie Lazaric

Abstract With energy powering the most attractive aspects of urban environments 
in modern society, from health, transportation, and comfort to information, busi-
ness, and leisure, energy cities are perfectly positioned to design the smart city of 
the future by leveraging the energy foundations of the city. This chapter focuses on 
the emerging concept of energy cities through the lens of sustainable behaviors and 
their role in alleviating climate change. We use the results of a randomized control 
trial experiment implemented in Monaco to illustrate our arguments on the role of 
behavioral intervention in empowering citizens on the importance of saving energy. 
The results will offer a vision of what steps cities are taking to increase environmen-
tal awareness and the role of individual behaviors in tackling climate change.

Keywords Energy Cities · Smart and Sustainable Cities · Behavioral change · 
Residential energy use

1  Introduction

Modern cities and human activities cause significant climate change issues as well 
as energy and mobility challenges and need to take initiatives to find sustainable 
solutions. Currently, over half of the world’s population lives in an urban 
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environment, and by 2050, this figure is projected to exceed two-thirds (United 
Nations, 2019). This accelerating urbanization process has resulted in many chal-
lenges, including intensive energy consumption, high-carbon GHG emissions, envi-
ronmental pollution, social inequality, and traffic congestion. This is a long list of 
challenges included in the Agenda 2030 Sustainable Development Goals, putting 
the development of energy-efficient, more sustainable, and smart cities at the top of 
the agenda in the coming years (United Nations, 2022). Here, we examine the role 
of behavioral intervention in shaping residential electricity consumption within the 
contexts of “smart cities” and “smart energy cities” (SEC).

The smart cities concept underlines an urban development area using digital and 
information and communication technologies (ICT) solutions to improve traditional 
networks and services. Smart cities are designed to address challenges and improve 
the workability, quality of life, and sustainability of cities. Although the design of 
the smart city has traditionally focused on technology, smart devices, and urban 
infrastructure, it now goes beyond the technical-centric nature of using digital solu-
tions for the efficient use of resources. Over recent years, the concept has been 
expanded to incorporate socioeconomic aspects (Pira, 2021). Accordingly, this par-
adigm shift allows the smart city approach to expand its potential impacts on the 
economic, social, and environmental dimensions.

The recent phase of smart cities, the so-called smart city 3.0, rather than adopting 
a technology-driven or city-driven model, focuses on developing co-creation mod-
els involving citizens in developing efficient and practical solutions. This new con-
cept focuses on the inhabitant’s role and involvement in addressing community 
issues and assisting municipality managers in identifying effective and reliable 
solutions for various city challenges, including social, economic, and environmental 
problems. The new paradigm strongly suggests that a sustainable future will rely on 
a combination of innovative technology—improving new technologies and system 
performance—and promoting more environmentally friendly behavior (Sovacool 
et al., 2022).

The concept of “smart energy cities,” which builds on the concept of smart cities, 
has been developed recently to recognize the prominent role of energy in the built 
environment (Thornbush & Golubchikov, 2021). SEC ideas are anchored both in the 
expansion of “smart cities” concepts and in a sustainability framing. The SEC con-
cept has grown to depict digitally enhanced, zero-carbon cities. Accordingly, 
Übelmesser et al. (2020) proposed the following definition: “SEC is a concept at the 
core of the smart city, that uses technology, including information and communica-
tion technologies (ICT), to address the challenges of increasing urban energy 
demand and climate change, while ensuring the quality of life of its citizens … the 
SEC uses ICT to integrate different domains, resulting in a holistic view of the 
energy system” (p. 1). Thus, the SEC paradigm is strongly aligned not only with the 
smart cities concept but also with the climate-neutral city concept and its variants, 
such as low-carbon, net-zero cities, and postcarbon cities (Thornbush & 
Golubchikov, 2021).
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With many of the world’s major cities pursuing important initiatives to improve 
citizens’ urban life and achieve sustainability and climate goals and with energy 
powering the most attractive aspects of urban environments in modern society, from 
health, transportation, and comfort to information, business, and leisure, energy cit-
ies are perfectly positioned to design the smart city of the future by leveraging the 
energy foundations of the city. Thus, SEC will serve as an example for other cities 
going forward. They will harness cutting-edge technologies, such as green energy, 
superfast telecommunications, autonomous transportation, and artificial intelli-
gence. Using these technologies, they will become desirable and comfortable places 
to live, work, and relax.

Based on the underlying premise of “smart energy cities,” this chapter discusses 
the role of behavioral insights in shaping the future of urban living. Then, it uses 
results from a randomized controlled trial (RCT) to illustrate the role of behavioral 
intervention in increasing the impact of household actions to save energy. This will 
offer valuable insights and inform policymakers on the importance of behavioral 
intervention in shaping cities’ sustainability. Behavioral interventions can be 
broadly defined to encompass interventions for which no command-and-control 
regulations or financial incentives are involved, e.g., providing information, goal 
setting, invoking values and norms, engaging, and restructuring choice options, or 
so-called nudges (Lazaric & Toumi, 2022).

The setting of the analysis in this chapter is the Principality of Monaco, a sover-
eign city-state located on the French Riviera in Western Europe. The uniqueness of 
our context and experimental framework makes the statistical analysis and the eval-
uation criteria we have implemented compelling for a variety of reasons. First, 
despite the growing literature in the field of smart cities, there have been no studies 
linking behavioral intervention within the concept of “smart energy cities.” Second, 
the analysis takes advantage of a recent field experiment to illustrate how behavioral 
interventions may reduce the contribution of individuals’ activities to carbon emis-
sions and climate change.

This chapter contributes to the literature on SEC in the following ways. It empha-
sizes the emerging energy city concept and the critical role of behavioral insights in 
shaping the future of urban living. These findings can help city policymakers lever-
age behavioral intervention to reduce energy demand in cities to achieve goals 
toward environmental carbon neutrality. It may also add to the behavioral literature 
and stimulate studies to rethink how to implement behavioral interventions effi-
ciently and incorporate behavioral insights to improve sustainability in cities.

The remainder of this chapter is structured as follows. Section 2 reviews the lit-
erature on behavioral economics in reducing energy demand in buildings. Section 3 
focuses on Monaco as a smart energy city and presents Monaco’s smart city initia-
tives. Section 4 presents and discusses the experimental design and Smartlook proj-
ect’s main results, while Sect. 5 provides some concluding remarks and policy 
implications.
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2  Behavioral Economics and Policymaking

To meet challenging climate and sustainability goals, the ambitious curtailment of 
GHGs is needed worldwide. A low-carbon world will rely on a combination of 
green technological innovation and sustainable behaviors such as energy sobriety 
and waste reduction. There is also an unequivocal consensus about the critical role 
that behavioral change may play in decarbonizing the building sector (Maréchal, 
2010; Sovacool et  al., 2022). Today, behavioral change interventions are widely 
implemented in a range of public policy settings with the goal of moving individuals 
in the desired direction, e.g., toward more sustainable lifestyles, more eco-friendly 
practices, and more responsible financial decisions. For example, Moran et  al. 
(2020) show that a consumer-oriented policy can reduce GHG emissions by 25% in 
the European context, and Asmare et al. (2021) show that providing information via 
a web portal lowers electricity consumption by 8.6% in Lithuania. Thus, a consider-
able part of CO2 emissions can be reduced or eliminated with lifestyle changes, 
thus leading to a positive impact on fighting climate change, reinforcing energy 
security, and ensuring affordable energy access (Belaïd, 2022a, b, 2024).

Governments have used traditional economic tools and other behavioral solu-
tions to foster environmentally friendly practices. Depending on the target behavior 
and context, traditional tools such as regulations and taxes can be an efficient 
response to reducing emissions. However, in some specific situations, they will not 
be enough to drive effective behavioral change or, even more, generate counterpro-
ductive behaviors. For instance, in terms of residential energy consumption, it is 
challenging to implement a law to force people to reduce the electric heating tem-
perature by 1° to save 7% of their energy bill. Indeed, residential energy consump-
tion is a multifaceted sociotechnical process shaped by a variety of interdependent 
factors (Belaïd, 2016, 2017). In addition, the complexities of consumers’ lifestyles 
and the role of individuals’ behavior in the energy demand process have contributed 
to ambiguities and partial comprehension of residential energy use patterns (Belaïd 
et al., 2020, 2021; Belaïd & Rault, 2021). Many studies have documented that there 
is a large gap between theoretical and observed energy consumption. This is due 
mainly to difficulties in capturing the behavioral aspects of domestic energy use 
(Bakaloglou & Charlier, 2019; Bakaloglou & Belaïd, 2022). Therefore, policymak-
ers and governments are increasingly becoming concerned about effectively chang-
ing consumer behaviors. They rely on behavioral sciences, now widely recognized 
as a source of alternative or complementary tools to empower citizens toward the 
greenest sustainable behaviors.

A critical element of the pro-environmental behavior question is intrinsic human 
nature. In fact, since it has been proven that individuals are not entirely rational, 
policymakers and stakeholders should address this bounded rationality and cogni-
tive biases (Maréchal, 2010). In fact, contrary to traditional rational choice analysis, 
behavioral economics has shown that individuals often rely on heuristics and are 
easily influenced by their cognitive biases. An interesting illustration is the claim “It 
only happens to the others” when seeing the consequences of climate change. This 
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sentence, often heard in Western countries, can be explained by the abstract frame 
of the environmental problem due to psychological distance. This implies that 
humans are more interested in the present than in the future, in what has an impact 
on them (or her) rather than what might impact others, and in what happens close to 
them rather than far away. This starting point for anchoring environmental issues is 
tricky since it pushes citizens to procrastinate on their potential actions. Behavioral 
tools then raise opportunities for the awareness that by now, as members of the 
worldwide community, “we are all the others.”

The most famous tool, coming from behavioral economics insights, is the 
“Nudge.” In their popular book Nudge, Improving Decisions about Health, Wealth 
and Happiness (2008), Richard Thaler and Cass Sunstein define a nudge as “any 
aspect of the choice architecture that alters people’s behavior in a predictable way 
without forbidding any options or significantly changing their economic incentives. 
To count as a mere nudge, the intervention must be easy and cheap to avoid” (Thaler 
& Sunstein, 2008, p. 6). Relying on bounded rationality theory, the authors suggest 
that a considerable part of the decision-making pattern is the result of cognitive 
boundaries, biases, or habits and that this pattern may be “nudged” toward better 
options by integrating insights about the former boundaries and biases in ways that 
promote a more preferred behavior rather than obstruct it. After considerable hype 
around the concept for several years, the efficiency and ethical outcomes of nudging 
started to be discussed and questioned to conclude that nudging is not the magic 
wand able to solve all problems in all settings. From this questioning emerged other 
tools such as “boosts.” In fact, while nudges shape human decisions by changing the 
choice setting and the encountered information, they boost aim to foster human 
competencies and motivation by working on his (or her) skills and knowledge. In 
addition, presenting accurate information by changing the options humans are 
exposed to “boosts” work to empower an individual to make better decisions with 
respect to his (or her) personal goals and preferences (Hertwig & Grüne- 
Yanoff, 2017).

The success of Thaler and Sunstein’s book, combined with the considerable 
body of materials, academic articles, and university programs, made the young 
behavioral science field gain such legitimacy that several so-called “nudge units” 
appeared all over the world, while some behavioral economists were involved in 
policymaking. At the European level, the United Kingdom has pioneered the use of 
behavioral economics for policymaking with the Behavioral Insight Team (BIT). 
The BIT nudge unit is a governmental team dedicated to implementing soft methods 
since its creation in 2010 under the advice of Richard Thaler. The BIT advises the 
government on several subjects, such as pandemic management or actions to fight 
global warming. BIT’s actions are numerous around the world, and their success has 
led to the creation of nudge units in other countries. In France, the French behav-
ioral team, the DITP (Direction Interministerielle de la Transformation Publique), 
arose under Emmanuel Macron’s presidency and Bercy’s supervision. Since 2020, 
the team has grown with the creation of the Transformation of the Public Service 
Ministry. In the Principality of Monaco, no specific governmental behavioral team 
is dedicated. However, led by the government impulse and the success of projects 
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held in their neighborhood, local utilities such as SMEG (Société Monégasque 
d’Electricite et de Gaz) are inspired and motivated to adopt new behavioral insights 
to create new ideas for policy development. This is the reason why SMEG in the 
Principality of Monaco has initiated a partnership with the University Côte d’Azur 
on new behavioral tools for increasing awareness of opportunities to reduce elec-
tricity consumption. Monaco is among the innovating smart cities in southern 
Europe as an environmentally committed region at the cutting edge of technology. 
The municipality uses various tools and policy interventions to act in this field. 
Behavioral tools are one of these options.

3  Experimental Research on Smart Cities

3.1  Smart and Energy Cities Research

A growing interest in smart cities and energy consumption is observed in policy-
making and academic areas. Some empirical evidence of the growing interest in 
smart and energy city studies can be found in Scopus data with the yearly number 
of publications in social sciences. We observe two similar rising trends.

Figure 1 shows that the number of articles published each year in social sciences 
on smart cities and energy remained constant from 2006 to 2009. After 2011, there 
was an increasing number of publications until 2019, when it reached a maximum 
of 138 articles. This growing interest of governments and several founding agencies 
explains this rising trend. Figure 2 displays the number of projects referring to a 
sponsor within the considered period and shows that the main sponsor is the 

Fig. 1 Smart and energy city studies over time and disciplines. (Source: Scopus  – Authors’ 
calculation)
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Fig. 2 Smart cities and energy studies sponsors. (Source: Scopus – Authors calculation. The rank-
ing is based on the sponsors’ occurrence frequency pooled from 2006 to 2021. The sponsors are 
generated from the list of sponsors referenced on the Scopus platform)

European Commission (29 projects), followed by the National Natural Science 
Foundation of China (23 projects), the National Science Foundation, and the 
Horizon 2020 Framework program (20 projects) and the National Science 
Foundation, i.e., an independent agency of the United States government, intended 
to financially support theoretical scientific research (14 projects).

As we can see, European institutions devote resources and funds to developing 
and exploring sustainable energy consumption related to smart cities. In the follow-
ing, we will present an example of a study resulting from another funding source but 
in line with the European trend. In fact, the specific case of the Principality of 
Monaco provides exciting insights into how a city state country that clearly adopted 
a sustainability-oriented public policy invested in new behavioral strategies to reach 
its commitment to reducing greenhouse gas emissions in the built environment.

3.2  Monaco, the Smart Energy City of Southern Europe

The Principality of Monaco is a very attractive territory and provides important 
employment opportunities in Southern Europe. The population was 38,300 resi-
dents in 2018 for 52,000 salaried jobs. Seventy-six percent of private-sector employ-
ees live in France, and 14% live in Principality. A large proportion of its local 
residents are financially well endowed and live in apartments in tower blocks that 
were built mostly in the 1970s.

In addition, Monaco hosts and organizes numerous cultural, sporting, and pro-
fessional events. These specificities have an impact on the environmental and energy 
balance of the Principality due to transport, energy requirements, and waste 
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production. The downside of this dynamic is negative externalities for air quality 
and the ecological preservation of the marine environment. Local stakeholders do 
not necessarily see a conflict between economic and demographic developments, 
and they try to find local trade-offs to minimize the ecological burden and explore 
new options toward the energy transition. The challenge of the energy transition is 
the reduction of energy consumption in the context of economic development and 
the increase in the share of renewable energy.

Principality implements actions for defining consumption targets and energy 
sources in the direction of renewable energy. Monaco has only a few power plants 
and relies heavily on electricity and gas imports from France. In addition, the build-
ings in Monaco, more than elsewhere in France, are equipped with heating and air 
conditioning systems. Electricity consumption is, therefore, very sensitive to tem-
perature fluctuations. Principality imports almost all of the electricity it consumes. 
Although the regional energy supply has been strengthened in recent years, the local 
government has tried to promote the creation and development of local capabilities 
and produce local energy. Fossil fuels, such as natural gas and fuel oil, are also 
imported. The balance is better for thermal energy thanks to the Fontvieille network 
and sea water heat pumps, which slightly reduce energy dependence.

Monaco’s average electricity consumption per inhabitant tends to be below the 
average of its neighbor France. However, this is mainly because Monaco residents 
spend only part of the year in Monaco rather than being more energy-saving con-
scious, which makes comparison difficult. Ninety percent of Monaco’s electrical 
energy is supplied by France and includes a high percentage of renewable electricity 
(75% for Monaco compared to only 20% for the whole of France). This promotes 
more careful use of energy and more attention to the environment.

3.3  The White Energy Book on the Energy Transition

In 2008, the local government started actions in the energy transition by implement-
ing a climate-energy policy and a program of actions, the Climate Energy Plan, 
supported by the Department of the Environment. Monaco is also committed to the 
European Energy labeling process award to extend the Climate Energy Plan to pro-
mote continuous improvement for energy reduction. In this sense, Monaco was 
labeled an exemplar city of energy transition in 2014. In addition, the Principality 
has been engaged within the international community by ratifying the Framework 
Convention United Nations successively on Climate Change in 1994, the Kyoto 
Protocol in 2006, and the Paris Agreement in 2016. As an extension of these actions, 
the signature of the Paris Agreement in 2016 represents a turning point with new, 
very ambitious goals.

Three primary sources of greenhouse gases in Principality are the consumption 
of fossil energy for heating (31% of GHG), energy recovery from household waste 
(30%), and fuel consumption for transportation (31%). The 2017 White Book on the 
Energy Transition describes the aim of reducing greenhouse gas emissions by 80% 
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(compared to 1990 levels) by 2050 and achieving carbon neutrality in the long run. 
Actions implemented for reaching these very ambitious goals are the following:

 1. Sea water heat pumps. Sea water heat pumps are thermodynamic systems that 
recover heat energy from sea depths to satisfy heat needs. They are sources of 
renewable energy. Principality is a forerunner in this area. The first sea water 
heat pump was installed in the 1960s. Today, Monaco has more than 70 units, 
along with a public heating network.

 2. The e-bikes. With 15 stations, nearly 100 electrically assisted bicycles, and more 
than 500 users, the service continues to develop in Principality. This is the most 
visible action and one of the most cited for reducing the energy burden in 
transport.

 3. Support for the acquisition of hybrids and electric vehicles. The Prince’s 
Government grants aid finance for the purchase of new e-mobility registered in 
Monaco. Those grants are provided to households as well as companies.

 4. Retrofitting. The local government is involved in a retrofitting program to reduce 
buildings’ greenhouse gas emissions and ensure that all new buildings conform 
to environmental standards.

 5. Behavioral tools and interventions. Monaco tries to promote large environmental 
awareness programs and new cultural values around energy consumption and 
devotes significant resources to behavioral tools. The Smartlook project, in part-
nership with the SMEG and CNRS/Université Côte d’Azur, detailed below, is 
illustrative of this new trend.

4  The Smartlook Experiment

Smartlook is a novel way of targeting energy transition with the experimentation of 
new behavioral tools to reduce electrical consumption and with an enrollment of 
volunteers to exemplify opportunities for changing energy behaviors (Lazaric & 
Toumi, 2022).

4.1  Context of the Smartlook Field Experiment in Monaco

The experiment took place in the Principality of Monaco from December 2018 to 
May 2019 with the support of the main local energy provider (SMEG). The sample 
included 77 households from a diverse range of buildings with different heating 
systems and, more importantly, dwellings that were not part of any current retrofit-
ting program.

All participants were volunteers and completed the first questionnaire prior to the 
beginning of the experiment to grasp information on sociodemographics, ecological 
concerns, commitment, electricity use, heating system, and curtailment behaviors. 
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The New Ecological Paradigm (NEP) scale is used as a unidimensional measure 
of environmental attitudes. It was developed to measure the overall relationship 
between humans and the environment. A high NEP score is associated with high 
ecocentric orientation (Stern et al., 1995)

At the end of the experiment, a second questionnaire was sent to capture changes 
in household composition or energy use. After completing the first questionnaire, 
households were randomly assigned to one of the experimental treatments or to the 
control group following the Harrison and List (2004) description of a framed field 
experiment.

More precisely, control group households received an email informing them they 
were simply a part of an experiment aimed at gathering information on Monegasque 
households’ energy transition. Households in the three treatment groups received 
twice-monthly emails containing instructions with a reminder of their electricity use 
reduction goal and/or a set of boosts. More specifically, Treatment 1 (n = 16) set an 
ambitious electricity consumption reduction goal compared to the previous 
6  months’ usage (25%) and received boosts on electricity savings. Treatment 2 
(n = 17) received a modest (15%) electricity consumption reduction goal compared 
to the previous 6 months of usage and a set of boosts. Treatment 3 (n = 21) provided 
only boosts (advice) about how to reduce their electricity consumption, and finally, 
the control group (= 23) received neither a goal nor boosts.

4.2  The Smartlook Project’s Main Results

Table 1 presents the evolution of average electricity consumption across the four 
treatments.1 From Table 1, we observe that the boost and modest goal treatment 
(T2) consumed the least electricity, followed by the boost-only treatment (T3) 
(Table 2).

The percentage of variation in electricity consumption presented in column (c) 
shows a similar trend of increased average electricity consumption during the 
experiment for all treatments due to the winter months. While the highest consump-
tion is observed in the control group with a 31% increase in consumption compared 
to the average consumption of the whole sample, the T1 and T2 groups had the low-
est increases at 12% and 7%, respectively. A Kruskal–Wallis (K-Wallis)2 equality 
test of average monthly electricity consumption among treatments confirms that 
average electricity consumption during the 6 months of the observation period dif-
fered significantly across treatments (p value  =  0.0001). Additionally, pairwise 

1 The statistics are based on average electricity consumption seasonally adjusted data provided by 
the SMEG.
2 We rely on the K-Wallis and WMW tests as a nonparametric test to compare two or more inde-
pendent samples of equal or different sizes. It is an extension of the MWM U test which is used to 
compare two groups.
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Table 1 Evolution of electricity consumption before and during the field experiment

Treatment

Average electricity 
consumption per 
household during the 
pretreatment period (a) 
(kWh)

Average electricity 
consumption per 
household during the 
treatment period (b) 
(kWh)

Difference 
(%)
(c)

Diff- 
in- Diff
(%)
(d)

P value
(e)

Boost & 
ambitious 
goal (T1)

329.22 369.11 12% −19% 0.0778*

Boost & 
modest goal 
(T2)

236.34 252.47 7% −24% 0.0177**

Boost only 
(T3)

295.00 343.49 16% −15% 0.1237

Control 
(CG)

314.96 412.67 31% – –

Average of 
the panel

296.71 352.82 18.91%

Note: Column (a) is the average electricity consumption by treatment in kWh during the 6 months 
before the start of the experiment, June 2018 to November 2018. Column (b) is the average elec-
tricity consumption by treatment during the 6 months of the experiment from December 2018 to 
May 2019. Column (c) is based on treatment and shows the difference in average electricity con-
sumption between the two periods, i.e., during the experiment period minus the average consump-
tion in the 6  months before the experiment in percentage. Column (d) shows the percentage 
variation (between the periods and with respect to the control group) in the percentage of variation 
in the control group (CG). Column (e) presents the results of a t test of the difference between the 
average consumption of the treated groups compared to the control group
***p > 0.01; **p < 0.05; *p < 0.10

Table 2 Average electricity consumption per household during the treatment and 
pretreatment period

Average electricity consumption per 
household during the pretreatment period (a)

Control (CG)- Boost & modest goal 
(T2) = 314.96 − 236.34 = 78.62

Average electricity consumption per 
household during the treatment period (b)

Control (CG)- Boost & modest goal 
(T2) = 412.67 − 252.47 = 160.2

comparison by treatment based on a Wilcoxon-Mann–Whitney (WMW) test shows 
that average electricity consumption over the period of the experiment differed sig-
nificantly across some treatments (p = 0.0001), although the consumption of the 
pair T3-CG shows no differences during the first 2  months of the experiment 
(p = 0.495).

The Smartlook field experiment explored the effectiveness of boosts and goals 
for driving potential electricity reductions. In fact, in line with the work of Belaïd 
and Garcia (2016) and Belaïd and Joumni (2020), an urgent need to increase elec-
tricity use transparency through the provision of information and education has 
been observed. Thus, tools to reduce the possible behavioral barriers by bringing 
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new opportunities to adopt conservative energy behaviors may be effective and very 
robust in promoting new behaviors. Consequently, the combination of goal setting 
and boost seems efficient for transforming stated environmental concerns into con-
crete actions. In fact, the results of the study show that modest goals combined with 
specific information can translate concern for the environment into green behavior. 
A goal ranging from 15% to 25% reduction in energy use is efficient for households 
already concerned about the environment and committed to greener behaviors.

Combining goals (ambitious or modest) with boosts might significantly reduce 
electricity use (see Table 1). In fact, providing boosts reinforces households’ knowl-
edge and creates motivation toward sustainable electricity consumption and objec-
tive achievement (Martela, 2015). Concerning the type of goal, and in line with 
Harding and Hsiaw (2014) findings on the need to set realistic goals, it appears that 
the combination of modest (realistic) goals and boosts produces better results than 
a more ambitious goal and boosts. This suggests that households would prefer a 
long-term process of incremental learning to reach long-lasting efficiency in energy 
reduction.

Concerning boost only (treatment T3), although no electricity reduction has been 
observed, we could notice a significant impact on the specific environmentally con-
cerned household with a high NEP scale score. This result can be interpreted as a 
profile-dependent result illustrating the complexity of the link between individual 
concerns and energy consumption (Nauges & Wheeler, 2017). Moreover, it con-
firms the need for thinking of nonmonetary incentives as context and target depen-
dent. In fact, not only must the goal be realistic and associated with boosts, but it 
must also be sent to the right citizens who will be sensitive to it. Another interesting 
result, in line with the work of Pullinger (2014) and Shove et al. (2020), highlights 
that individuals with more time (retirees) and NGO members are more likely to 
have the resources and motivation to change their electricity use behavior. Moreover, 
higher education and greater environmental commitment are good predictors of 
such actions.

When focusing on low-concern households, it appears that none of the boost and 
goal settings were efficient in reducing electricity consumption. However, in the 
former household category, we observed a significant impact on education and 
some curtailment behaviors. These results contribute to the discussion on the differ-
ence between curtailment and energy-efficient behaviors. In fact, as argued by 
Nauges and Wheeler (2017), for some citizens with low environmental concern or 
low intrinsic motivation, monetary tools, and other behavioral interventions are 
required to encourage sustainable behavior and, more importantly, conditions for 
learning to play a detrimental role in maintaining changes over time. Indeed, 
Smartlook results outline the important issue of the translation of environmental 
values and concern for concrete behaviors with respect to the available dwelling 
materials and local conditions (Welsch & Kühling, 2009; Woersdorfer & Kaus, 
2011; Babutsidze & Chai, 2018).
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5  Conclusions

Reducing GHG emissions to prevent potentially catastrophic global climate change 
necessitates an essential reduction in energy consumption in the built environment. 
It is largely acknowledged that cities may contribute significantly to efforts to alle-
viate climate change. On the other hand, there is a remarkable consensus about the 
critical role that behavioral change may play in reducing residential energy con-
sumption. However, the debate is still evolving concerning the optimal mechanism 
and effective instrument to promote individuals’ actions on energy efficiency. 
Building on the emerging concept of “smart energy cities,” this chapter examines 
options for reducing energy consumption in buildings. More precisely, it focuses on 
the role of behavioral change in reducing electricity demand in the residential sec-
tor. First, we discussed the leading role that behavioral economics may play in 
reducing the carbon footprint of residential energy demand. Then, we provide a 
brief overview of smart city research and initiatives in Europe and Monaco. Finally, 
we build upon a field experiment conducted in the Principality of Monaco to explore 
the complementarity of different behavioral interventions and their impact on resi-
dential electricity demand. Accordingly, we used three treatments: (Treatment 1) 
reduction goal combined with information; (Treatment 2) modest electricity reduc-
tion goal combined with information; and (Treatment 3) only information.

This research constitutes a step toward a more accurate evaluation of the 
behavior- driven energy demand reduction in the residential sector. In addition, the 
study offers various exciting results. Boosts appear to be a novel and promising 
instrument that involves a few prerequisites before it can be implemented. Goal set-
ting is a standard and effective strategy that has a more substantial impact when 
implemented in combination with other instruments. The empirical findings illus-
trate the impact of boosts and goal setting on energy savings, as well as their com-
plementarity and effectiveness in motivating individuals to reduce their energy use. 
This result suggests that behavioral change programs using multiple intervention 
methods save more energy than those using fewer intervention options. In addition, 
targeting more agents who are more sensitive or responsive to these kinds of inter-
ventions will significantly reduce the built environment’s carbon footprint.

Given the increasing global recognition of the crucial role of behavioral change 
in achieving climate goals, the empirical results have several implications for the 
policymaking process and policy intervention. The results call for developing more 
proactive behavioral change programs using innovative instruments to curb residen-
tial energy consumption and related GHG emissions. In parallel, the discussion pro-
vides specific guidelines for harnessing empirical behavioral studies to improve the 
effectiveness of behavioral intervention programs. Endorsing these guidelines will 
be valuable in designing and executing successful energy efficiency programs.
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