Soomro et al. J Smart Environ Green Comput 2021;1:3-20
DOI: 10.20517/jsegc.2020.03

Journal of Smart
Environments
and Green Computing

Review

Open Access

A review on motivational nudges for enhancing
building energy conservation behavior
Altaf Mazhar Soomro1, Gnana Bharathy2, Nimish Biloria3, Mukesh Prasad1
1

School of Computer Science, University of Technology Sydney, Sydney 2007, Australia.
School of Information, Systems and Modelling, University of Technology Sydney, Sydney 2007, Australia.
3
School of Architecture, University of Technology Sydney, Sydney 2007, Australia.
2

Correspondence to: Dr. Mukesh Prasad, School of Computer Science, University of Technology Sydney, Sydney 2007, Australia.
E-mail: Mukesh.Prasad@uts.edu.au
How to cite this article: Soomro AM, Bharathy G, Biloria N, Prasad M. A review on motivational nudges for enhancing building
energy conservation behavior. J Smart Environ Green Comput 2021;1:3-20. https://dx.doi.org/10.20517/jsegc.2020.03
Received: 14 Dec 2020 First Decision: 13 Jan 2021 Revised: 1 Feb 2021 Accepted: 24 Feb 2021 Available online: 30 Mar 2021
Academic Editor: Edmundas Zavadskas Copy Editor: Yue-Yue Zhang Production Editor: Yue-Yue Zhang

Abstract
This paper explores energy use interventions and their influence on human behavior in commercial and institutional
buildings. The main objectives of this paper are to identify the importance of nudges in reducing building energy
usage and the implementation methods that can influence users to conserve energy in buildings through context
specific interventions. A qualitative research method is used to elicit existing energy saving techniques, and a
rigorous literature review is conducted to demonstrate the effectiveness of nudges. The investigation shows that
combining multiple influencing options and interactive technological interventions can result in an effective
nudging mechanism at a larger scale. Widely adopted technological tools identified in energy conservation in
buildings included eco-feedback systems, IoT engagement systems, and recommendation systems that shared
clear information to enable users to change their behavior. Besides, non-technological tools, such as posters and
moral appeal by word of mouth, are highlighted as influencing user behavior to conserve energy in buildings. The
use of nudges in commercial and institutional buildings has been studied in this review, and it has been
demonstrated that the combination of influencing techniques is more effective than deploying a particular
technique. It is concluded that energy conservation can be predicated in agent-based environments by modeling
integrated nudges in future work.
Keywords: Energy conservation, energy efficiency, energy saving, commercial buildings, institutional buildings,
nudging, behavioral influencing strategies
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INTRODUCTION
Climate change[1], and its subsequent impacts on the lives of inhabitants and infrastructure is a significant
problem globally. Addressing this challenge is core to the people, organizations, or governments who realize
its catastrophic impacts on inhabitants’ survivability. Although many elements are causing climatic shifts,
damage from the excessive production of carbon emission is inevitable. Buildings, mainly commercial and
institutional buildings, are among the sources that consume a massive amount of energy and become the
source of producing carbon emissions. 'International Energy Outlook 2016 With Projections to 2040' report
indicates an estimated 41% of energy is used by buildings[2]. A significant proportion of the total energy
consumed across the world is attributed to buildings[3-5]; for instance, in Hong Kong, buildings account for
90% of the electricity consumed with, 30% of this consumed energy attributed to residential buildings.
Likewise[3] in India, 35% of the total energy consumed is attributed to the buildings sector.
A recent study reveals that buildings alone consume 39% of energy in metropolitan China due to increased
urban population, which accounts for up to 8% of overall China's energy consumption[6]. Similarly, findings
show excessive energy use in the Indian subcontinent and expose that 37% of power is supplied into
buildings[3]. The global construction industry is also expecting to grow annually by 3.6% (2018-2022)[7].
Therefore, it is inevitable to address energy consumption problems, particularly the issue of excessive
energy waste.
Thus, the paper proposes ways in which energy conservation in buildings can be achieved by creating the
least user discomfort. Energy conservation plays a significant role in environmental sustainability and can
economically benefit building owners and managers due to reduced billing costs[8]. This study further
demonstrates that the organizations embrace renewable energy supplies to outweigh the excessive energy
consumption. There are various energy conservation and optimization techniques, including the traditional
ones such as natural ventilation, adopting renewable energy technologies, improving building design and
orientation to amplify solar intake, saving excess energy, and innovating conservation strategies tailored to
traditional architecture[9]. Paone and Bacher argue that much research attention has been directed towards
developing technical solutions to reduce energy usage, such as smart meters, occupancy sensing, sensor
technologies, and mobile applications while neglecting the importance of modifying human behavior[4].
This paper mainly reviews the literature where the implementation of nudges for energy conservation in
commercial or institutional buildings has been studied. Nudges in behavioral economics refer to techniques
employed by policymakers and choice architects to modify individuals' behavior in an easy and low-cost
manner without reducing the number of alternatives available[10]. Although the nudge mechanism cannot be
generalized in all the contexts associated with behavioral changes due to the complex nature of human
behavior, it can enhance the performance of other policy tools with minimum cost[11]. Nudging has a more
empirical approach in its design and validation in experiments and controlled trials. Nudging tools
complement existing policy tools rather than replacing them[11]. Therefore, this research expands the
discussion that by investing in technical solutions and fostering parallel changes in human behavior through
effective nudges, building energy efficiency can be improved.
The paper is categorically divided into five sections. Section 1 is the introduction that describes a general
understanding of building energy consumption and methods for influencing human behavior towards
energy conservation through nudges. Section 2 is problem identification, where occupant behavior as a root
solution for energy conservation has been discussed and further supported with the underlying theoretical
concepts and existing methods. Section 3 is the conceptual model and its validation that expands upon
nudges, their implication, and effectiveness in the building energy context. A conceptual model is also
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established to conclude this section. Section 4 is a literature review, demonstrating a qualitative analysis of
nudges and their use in different buildings (i.e., office, institutional, educational, and commercial buildings).
The final section 5 is the conclusion and future directions.

PROBLEM IDENTIFICATION
Occupancy behavior and energy conservation

Occupant behavior describes occupants' presence and interaction with their environments that,
subsequently, influence energy consumption[12]. Occupant behavior is a critical component in building
energy conservation. The development of smart tools and strategies is vital in making buildings energy
efficient. Many developed countries are desperately setting certain thresholds to reduce building energy use
and have been deploying methods[13] and modern technologies in households[14] and in buildings[15] to reach
energy-saving targets. Technical solutions and engineered systems, such as predictive control techniques[16,17]
and cost reduction approaches[18], have helped improve existing energy systems to conserve energy using
occupancy tracking.
Although traditional techniques establish the roadmap for minimizing energy consumption at the preoccupancy stage of a building, the challenge remains unaddressed if measures are not taken at the postoccupancy stage. A discrepancy exists between a building’s predicted energy consumption levels, generated
during its design, and actual energy consumed in the developed building[19]. Furthermore, such a
discrepancy can be vast and can be up to 300% greater than the predicted energy consumption in some
instances[20]. Before developing behavior-altering strategies, understanding post-occupancy behavior is thus
very crucial. Occupancy sensing helps identify occupants’ energy use preferences and enables building
control systems to optimize building energy use.
When integrated with the building energy management system, occupancy sensing helps energy control
systems optimize energy use within buildings. In the study by Rafsanjani et al.[21], it was argued that
capturing the building occupants' consumption data was generally expensive despite the high levels of
energy consumption associated with the occupants. As a result, a Non-Intrusive Occupant Load Monitoring
strategy was proposed to capture both occupancy-sensing data from existing Wi-Fi systems and changes in
power in aggregate buildings. Further to this, findings showed that tracking the occupants' energyconsumption behavior was at a minimal cost and, subsequently, presented an opportunity to save more
energy in commercial buildings.
Occupancy sensing has its advantage in understanding occupant energy behavior. When understood with
the principle of behavioral economics, occupancy behavior brings opportunities to establish influencing
strategies for pro-environmental behavior. Several studies have provided solutions based on occupancy
behavior and the underlying theoretical concepts to promote energy conservation in residential buildings.
There is a clear gap in exploring integrated models that combine theories and occupancy data to guide the
energy conservation practices in commercial and particularly in University or educational buildings.
Underlying theories and influencing techniques

Despite the technological solutions to improve building energy efficiency, a rigorous approach considering
social perspectives (i.e., human behavior and motivation)[22] needs research attention to achieve optimal
building energy conservation. The underlying mechanism that forms human behavior has remained
researchers' fascination for several years[23]. Various theories are explored and tested to understand human
behavior in different contexts. Among them, the Theory of Planned Behavior (TPB)[24] has been one of the
most dominant models. TPB has remained a foundational paradigm in understanding and investigating
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human behavior and its influence from different perspectives. TPB describes that the behavior or action is
associated with its intention and that, in turn, is associated with the attitude toward that action or the
intention of that action[23]. Simplistically, humans act efficiently and comfortably when they have control
over their actions.
Furthermore, studies have discovered that applying concepts from the TPB on behavioral intentions of
energy regarding policy recommendations and suggestions is useful in energy conservation[25,26]. A link
between the identity of the environmental issues and behaviors for energy conservation due to the test on
account of the expanded TPB model is shown in Hu et al.[25]. Under this expanded model, the proenvironmental identity variable is considered an independent cause that allows building designers to adopt
energy conservation practices with high significance levels observed in the link.
The occupants’ behavior is usually cited as a significant factor considering its massive influence on building
energy performance[27]. Conversely, the researchers discovered that it is crucial to consider the link between
the occupants’ attitudes and behavior during building design and operation. A survey study was conducted
by Allen and Marquart-Pyatt[28] to analyze the occupancy activities in three buildings. The study applied the
ordinary least regression analysis to investigate the theory of planned behavior and the attitudes behavior
constraints model in examining the major energy behavior drivers. The researchers concluded that a higher
percentage of the participants would support the application of energy reduction policies and
technologically-based interventions and increase the rate of application of renewable resources[28]. The
outcome of this study provided proof that the ABC model is relevant in the behavioral context. A research
study on behavioral models is conducted by Blanke et al.[29], where the models are used to develop energy
optimization strategies that account for the physical assets and incorporate building occupants in the
process. The researchers concluded that while specific methods, like smart metering and gamification, could
address some energy consumption issues, holistic behavioral models could be employed to a broader range
of individuals.
Another theory naming Value Belief Norm (VBN), was found by Stern et al.[30] to study peoples’
environmental behavior. The VBN identifies an underlying series of relationships between a person’s core
values and beliefs that form pro-environmental norms that trigger a range of actions taken by the person[31].
VBN attempts to explain environmentally significant behaviors and leans more towards environmental
behaviors leading to sustainability and thus differs from the TPB. It is worth acknowledging that VBN itself
is derived from a composition of three theories, namely Value Theory by Schwartz[32], the New Ecological
Paradigm by Dunlap et al.[33], and Norm Activation Theory by Schwartz[34]. However, delving into these
individual theories is not necessary, as VBN covers and integrates them, and for this particular context
supersedes them. Similarly, Attitude-Behavior-Context Theory by Guagnano et al.[35] complements VBN by
relating attitude and context to behavior.
Understanding and altering human behavior in the context of energy has also been addressed with the
Transtheoretical Model[36]. The underlying structure of the Transtheoretical Model is based on a 5 step
sequence of behavioral change. A diverse set of interventions are evident in the study by Ernecoff et al.[37],
where an agent-based approach is used to alter the user/agent’s health behavior.
Methods

A qualitative research method is adopted to present existing energy conservation methods. A secondary
literature review is incorporated as the core methodology, where the evaluation of nudges is demonstrated.
A vast literature is available on domestic energy conservation using numerous methods. However, in the
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past few years, development in energy conservation in the building sector has grown. Several methods have
been established and deployed to conserve energy within buildings, including traditional methods, technical
solutions, and behavioral influencing techniques. This study generally presents some energy conservation
methods and particularly emphasizes the behavioral influencing methods highlighting and drawing insights
from “The Behavior Change Wheel”[38], as shown in Figure 1. The behavior change wheel is a three-layered
non-linear model representing behavioral sources, intervention functions, and policy categories[38]. The
policy implication is the ultimate objective when influencing energy behavior and is at the core of any
energy efficiency program. We illustrate intervention functions from the behavior change wheel and
demonstrate their interrelationship with the energy conservation methods in Figure 1.
Some inferences are made in Figure 1, demonstrating the association between energy conservation methods
and the intervention functions. These include the categories that match the traditional methods and
technological methods, such as environmental restructuring. Environmental restructuring can directly link
to building orientation, design, and building control systems. However, the other technological methods, for
example, user engagement and gamified platforms, deploy modeling and user enabling interventions for
energy conservation. Finally, the core interventions that directly impact the behavior and fall under the
socio-psychological paradigm are education, motivation, incentivization or rewarding, coercion or
penalizing, training, and restricting. Therefore, it can be summarized that most of the interventions that
impact behavioral change for energy efficiency are associated with the human information processing
abilities that can be optimally communicated through socio-psychological methods described in the
intervention functions of the behavior change wheel [38].
The most crucial aspect of influencing human behavior for energy conservation is knowing the ways they
process information. As discussed by Hansen, Kahneman, and Kahneman[39-41], the human mind has
reflective and automatic thinking patterns; among them, automatic and particularly nudging has a
significant impact on human behavior and, therefore, conservation[23]. Nudging is a very dynamic approach
that provides people with choice and freedom and is flexible in deploying any other intervention method.
Although success has barely been achieved using only one method, the integrated approach has proven
efficient. The intention of nudging is not limited to influence behavior only but to increase the user choice
and opportunity as a whole. Therefore, this study emphasizes nudging as a pillar that can combine and
leverage all the energy conservation methods described in Figure 1 to escalate building energy savings at a
larger scale. We further investigate the human behavior influence through nudging mechanism and expand
on discovering the type of nudges applied in the building sector.

CONCEPTUAL MODEL AND ITS VALIDATION
The human consciousness is more rational and relies on memories and knowledge of prior learning. In his
book “Thinking, Fast and Slow,” Kahneman[41] explains human thinking patterns, such as slow cognition,
which is intentional cognition, conscious and reason-based cognition, and fast cognition, that is
unconscious or automatic, intuitive, and associated with emotions and feelings. Moreover, Kahneman[40]
presents two human information processing systems: system 1, which is based on intuitions or fast
processing, and system 2, which can make rational decisions. The author concludes that system 1 processes
most of the information due to less exploitation of active cognition, including mental energy, time, and
capacity. System 1 can trigger human choices with no use of any cognitive intervention and is an automatic
route of behavioral influence. This route consists of emotional shortcuts, mind priming, and nudging[23].
Nudge gives people a choice from their available sources. The choice can relate to the actions they take in
everyday life, from eating healthy to managing work stresses and conserving energy resources, as shown in
Figure 2. The given scenarios in Figure 2 demonstrate the genuine intention behind nudging, given that
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Figure 1. Energy conservation methods.

people have a choice in making health, energy, or eating decisions. We build our research basis and
conceptual model on given Behavioral Influencing Tactics adopted by Koop et al.[23], as shown in Figure 2. It
can be deduced from Figure 2 that the nudges are less effective when used individually and may not achieve
targeted behavioral changes, except that when used by combining individual interventions such as moral
appeal, social comparisons, incentives, and user interaction, technologies can amplify nudge effectiveness.
In the context of this research, the nudges are identified as given choices or energy conservation behaviors
that occupants undertake without any coercion to promote energy efficiency in buildings. Wong-Parodi
et al.[42] describes behavioral interventions as nudges and cite that they are simple to understand, are not
constraining, and enable individuals to act in a manner that is aligned with their interests and preferences
by leading them to act in favor of specific options. However, it is also instructive to emphasize the argument
by Ornaghi et al.[43], who posit that significant behavior change emerges when the targeted behavior is
selected carefully, proposed interventions are tuned well, and inexpensive to implement. Likewise, the need
for clear feedback to ensure that individuals’ actions relate to their outcomes are also highlighted.
Additionally, Carrico and Riemer[44] postulate that eliminating feedback from a particular behavior fails to
provide the required information, making it difficult for individuals to evaluate whether their actions exert
the desired impact. Therefore, to successfully encourage behavior change, there is a need to couple feedback
with desired appropriate actions.
Moreover, Table 1 outlines various interventions and their associated outcomes to evaluate the nudge
implications of energy use, such as reduced energy consumption and modified occupancy behavior. As
evident from the articles in Table 1, technology-based innovations dominated the interventions used in
modifying occupancy behavior in commercial buildings. The interventions ranged from phone-based
recommendation systems[45] and IoT user engagement systems[46] to proximity sensing beacon technology[47]
and eco-feedback system for delivering information[48,49]. The findings suggest that technology has become
mainstream in monitoring user activity in buildings due to its effectiveness in tracking behavior changes in
a fine-grained manner. Moreover, an additional analysis shows that non-technological interventions are
also used to modify occupant behavior in the studied commercial buildings. For instance, public displays
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Table 1. Choice architecture for behavioral change

Sources Choice Architecture (Methods)
[45]

Building Type
- Space

Energy-based recommendation system for lighting
options (mobile app)

×

×

×

√

√

Consumers preferred dimmer lighting
when recommendations were
appropriate

Not indicated assumption
held is a single
office

Interactive public displays, personalized dashboards,
and alters and notifications

√

√

×

√

√

Positive behavior change arising from
increased user engagement with IoTenhanced apps

Smart building single and
shared spaces

×
Green footprints on the floor leading to staircases,
posters with salient injunctive norms, stair-simulatingmessages

√

×

√

×

Modified behavior to adopt the use of
stairs
No energy conserved, as elevator use
was reported

University
building shared space

Moral appeal, social norms, and stickers (public
displays)

√

√

×

√

×

Reduction in energy consumption when
stickers and social norms were used
together

47 French
company sites shared spaces

Relay of real-time energy consumption information
(Eco-feedback systems - website and apps)

×

×

×

√

√

Improved energy conservation

Commercial
buildings shared space

Occupant comfort feedback tool (website)

×

×

×

√

×

Improved energy conservation

Shared office
buildings

Eco-feedback system for delivering information
(mobile app)

×

×

×

√

√

Change in energy conservation behavior Student
in response to delivered information
dormitories shared space

Eco-feedback system (Website - Visual Charts)

×

√

×

√

√

Change in energy conservation behavior Shared space
in response to delivered information

Satisfaction polling station (public displays)

×

×

×

√

×

Use of Improved energy conservation

Enclosed office
buildings

Use of communication systems to relay energy
conservation information (word of mouth)

×

√

×

√

√

Behavior was influenced when female
personas and avatars were used

Shared space

Recommender system that learns user-preferences
from historical data and shares recommendations
(website)

×

×

×

√

√

Potential energy savings of up-to 72%

Shared office
space

Daylighting choice
(immersive virtual environment)

×

×

×

×

√

Using default settings for lighting it is
possible to improve energy efficiency in
buildings

Single
occupancy
office space

Social feedback prompt, public commitment prompt,
reminder prompt, and explanation prompt

√

√

×

×

×

Turning off monitors during non-working University
hours reduced energy use in buildings
office buildings

[46]

[52]

Choice Architecture (Intervention Type)
Monetary or
Social
Moral NonInformation/Feedback Technological Outcomes
Comparison Appeal Monetary
Provided
Intervention
Incentive

[51]

[54]

[55]

[48]

[49]

[53]

[56]

[57]

[58]

[59]
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×
Delivering personalized tailored feedback to impact
energy usage (IoT-based smartphone energy assistant)
(iSEA)
√
(1) An information dashboard to increase the
awareness of the users about their energy
consumption and footprint, (2) a gaming dashboard to
engage users in real-time energy efficiency
competitions, (3) a leaderboard to promote peer
competition and comparison, and (4) a message
dashboard to send tailor-made messages about energy
efficiency opportunities

√

×

https://dx.doi.org/10.20517/jsegc.2020.03

√

√

Enhanced individualized energy-use
behaviors

√

√

The game strategies leveraged
Office building
economic, environmental, and social
motivation to influence office occupants’
energy conservation without
compromising their comfort and
autonomy, and 20% of electricity
savings were observed.

Commercial
building

using posters and advertisements[50], use of stickers and moral appeal by word of mouth[51], posters[52], and satisfaction polling stations[53]. Such findings suggest
increasing information salience through easy-to-understand, and simplified nudges effectively encourage occupant behavior change, similar to technology
tools.
The investigation from the literature survey shows that nudges with a minimum variety of choices hardly influence users to conserve energy over long periods.
Choice architects need to intuitively design nudges that can provide users with several choices without compromising their comfort. It is evident from Table 1
that user feedback and energy information are crucial in nudging mechanism followed by technological interventions and interactive tools. Therefore, this
research emphasizes the effectiveness and ease of nudging mechanism when deployed for energy conservation in buildings.

LITERATURE REVIEW
Building energy conservation

Energy conservation has economic benefits and is vital in attaining environmental sustainability and has always been considered before and during building
construction phases. The building orientation, location, and proper heating and natural light ventilation have remained traditional energy saving methods in
the past[9]. The technical solutions and user interventions have their benefits and limitations. Modern control and optimization systems have been designed to
minimize energy waste in medium and large-scale commercial buildings. Moreover, the human interaction with the control or building management systems
has further created opportunities to save more energy. Despite all such innovations and technical breakthroughs, human influence is still dominant and is
inevitable for conserving energy on a large scale.
This paper aims to systematically explore the existing literature on influencing strategies and techniques implemented in buildings for energy conservation.
The Theory of Planned Behavior (TPB)[24] was considered the guiding theoretical framework to explore behavioral influences. According to TPB, intentions to
undertake a particular behavior can be predicted with high accuracy based on three influential factors: attitudes regarding the behavior, perceived behavioral
control, and subjective norms. Justification for adopting TPB in the current research further stems from its adoption in similar studies investigating the effect
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Figure 2. Conceptual model.

of occupant behavior on energy efficiency in buildings[62,63]. Occupant behavior, though, has much influence
on building energy use but is highly overlooked within the chain of processes involved in building
construction, such as design, operation, and maintenance[64,65].
Human behavior is non-trivial in the building energy efficiency context. It is essential to understand how
humans process information for exploring opportunities in influencing human behavior for energy
conservation. A review conducted to discover behavioral influencing strategies for water household
conservation established a framework on the underlying concept of human information processing
routes[23]. Authors have highlighted three information processing categories, such as reflective, semireflective, and automatic routes, which are further divided into sub-categories making a total number of
eight Behavioral Influencing Tactics. Although this research emphasizes the importance of information
processing channels associated with human cognition and presents empirical studies on water conservation
techniques, a similar framework can help establish influencing energy conservation tactics in buildings.
Nudging for pro-environmental behavior

Nudging is a tool that provides people with a choice for any particular behavior and has wide applications in
environmental sustainability, and is more effective than the traditional policy tools[11,66]. Climate change is a
serious matter, and humans have a very minimum choice to ignore this inevitable problem for the sake of
environmental sustainability and their wellbeing[50]. Although public policies are crafted to address global
climate issues, the energy nudging concept is vital in this context. It can help individuals build strategies
towards environmentally beneficial decisions without impeding their choices[50,51]. “Nudges” are being
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widely promoted to encourage energy conservation and altering energy use choices with the help of a nudge
framework. They have a significant impact on promoting environmentally friendly behavior[67,68].
Human behavior drastically affects the ecology and biodiversity of the earth [69] and consequently shifts the
global climate. Strategies in coping climate change problem and ensuring sustainability relies on human
behavior change[10]. Nudging is a tool that provides people with a choice for any particular behavior[11].
Integrative psychology and economics under the umbrella of behavioral science bring fascinating insights
into human decision-making and emphasize the strategies for improving personal health and financial
choices but lack investigation for pro-environmental behaviors[69]. Although studies by Lehner et al.[10],
Mont et al.[11], Cooper[50], Charlier et al.[51], and Hilton et al.[70] demonstrate a nudge mechanism for proenvironmental behavior, digital nudging in the form of digital interfaces has been emphasized as a
promising solution to guide peoples’ pro-environmental behavior[69]. The overall idea of nudging is to
choose to default green rules instead of the options that may be more economical but environmentally
dangerous[66].
Furthermore, nudge effectiveness, and its ethical aspects are discussed in Hilton et al.[70]. The authors further
emphasize a “Good Environmental Nudge” and provide some recommendations on useful and ethical
nudges. Research has demonstrated nudges for pro-environmental behaviors[51], and some developed
countries such as Europe and the USA have developed platforms that deploy nudging mechanism[11]. One
study reveals a nudging mechanism to elicit pro-environmental behavior for people who were given the
choice of either using elevators or stairs[52]. Adopting nudges for sustainable behavior is always challenged
from an ethics perspective, where nudges are portrayed as autonomy-reducing or paternalistic style
policies[68]. Moreover, a favorable implication of energy conservation nudges in households has been
investigated from the political view[67].
Nudging tools for energy conservation

Humans have various psychological biases and defective heuristics that affect their ability to make rational
decisions. Policymakers can leverage these biases to increase their range of tools in reducing energy
consumption in buildings[71]. Various nudge concepts and tools have been proposed and applied in
increasing environmentally essential behaviors. These entail default options, change of the social norms,
social comparisons, and alterations to the physical environment[10].
Change in default options
According to the work of Sunstein and Reisch[66], the change in the default option can be done when the
occupants have complex discretions and are unable to choose a single other option. In this case, the
occupants are influenced to save energy because they prefer to make passive choices[10]. The default option
helps improve energy efficiency by guaranteeing that residents opt-out of energy efficiency options
compared to opting in. According to Frederiks et al.[72], the change in default option performs best by
targeting energy use behaviors, easily modified through default settings. They also discovered that such
options could influence occupants' thought patterns to consider clean energy or energy efficiency as optimal
options due to their recommendation by many people. Likewise, Heydarian et al.[58] argued that it was
possible to influence occupant behavior towards more energy-efficient choices in their daily interactions
with shading and lighting systems in single occupancy office buildings by using default lighting settings.
Social norms and comparisons
An additional tool, highlighted by Lehner et al.[10], is the implication of social norms and the use of social
comparisons. Carrying out comparisons of an individual's consumption to another and those in their social
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network help reduce their energy consumption. For instance, in the study by Liu et al.[73], findings showed
that social norms impacted student support for energy conservation efforts in a university campus whereby,
5% more students signed a petition to adjust thermostats by 2ºF when they were informed that 90% of their
fellow students agreed to sign the petition. The comparison nudges associated with energy consumption
tend to influence the subsequent consumption of energy.
Increasing information salience and simplification
Studies have discovered that occupants can also be influenced by increasing the information salience and
simplification as another nudging tool[10,74]. Through the energy star label, buildings that meet the energy
standards are identified. Several studies have discovered that changing the physical environment can
influence occupant behavior regarding energy use[75]. The easier it is to understand information, the easier it
is to convince an individual to take energy saving measures.
Changing the defaults opt-in vs. opt-out
The organ donation strategies under ‘opt-in’ versus ‘opt-out’ scenarios were discussed in Goldstein et al.[76]
demonstrate the cruciality of default options in healthcare. The authors further mentioned that the opt-out
was the preferable way people chose to make their names removed from the default donor’s list in the
countries with maximum organ donations. Conversely, people who had to deliberately register for organ
donation (i.e., opt-in), were from countries with a minimum level of organ donations and were considered
non-donors by default. It is a known fact that people choose the prevailing standards instead of putting
some effort into selecting the different ones, such as completing paperwork, which demonstrates apathetic
behavior in psychology. Although default options represent norms, and people consider them global,
shifting from them can create uncertainty in making decisions, and individuals choose not to resist them at
any cost. Defaults are universal and are considered evolutionary by experts that have been seen in the form
of reducing energy use, for instance, 10% by the end of the year 2010 through a public campaign. Another
example is implementing default retirement plans by the authorities in the USA, where employees are
encouraged to sign up for employers’ retirement plans.
Hyperbolic discounting
It has been observed in the study by Thaler et al.[77] that people prefer instant gratification instead of the long
term benefits of their actions; for instance, they may choose less money immediately instead of having more
sometimes later in the future. Firstly, people tend to go for specific options and avoid uncertainty[78].
Secondly, individuals see the future as hard and non-tangible, so they undervalue its upcoming incentives.
Finally, research suggests that the short-term goals to motivate people to save money or eat healthier foods
are useful than asking them to set long-term goals.
Loss and risk aversion
Loss aversion emphasizes those people who avoid taking risks and who are not ready for potential losses
unless the loss is outweighed by the lucrative rewards. Kahn et al.[79] highlight a scenario where people were
keen to pay an extra amount in the betting game to minimize the ambiguities. This uncovers the known
paradox of the human mind that individuals do not mind not having, but they do mind loosing.
Framing
People often make decisions based on the given choices and options, and their decision-making becomes
much easier when a few options are presented to them instead of many that can be disadvantageous. The
studies in behavioral economics reveal that inappropriate choices can crucially impact the decision-making
process and make people aware of their actions and behaviors. One study by Ariely et al.[80] highlights that a

Page 14

Soomro et al. J Smart Environ Green Comput 2021;1:3-20

https://dx.doi.org/10.20517/jsegc.2020.03

drastic change can happen in making the decision when an individual has to choose from two versus three
options.
Reciprocity
The study by Burger[81] demonstrates that the reciprocity or exchange of something with others is within the
fundamental human nature. Some investigations highlight that the organ donation within healthcare has
proven to escalate by the campaigning method with the tagline message, “If you need an organ, would you
take one?”
Social norms and feedback
Humans often behave according to what they perceive about themselves from the society or generalized
standards of their communities or groups. Experts in behavioral economics have often leveraged social
norms in the form of peer pressure to persuade behaviors. It has been found in Nolan et al.[82] that sending
users with the feedback of energy use comparison among neighboring houses has a larger impact than the
common cost-saving messages. Another research exposes that people are leaned towards artificial norms if
they belong to a target group. For instance, the study by Glodstein et al.[76] presented that the artificial norms
improved towel recycling in hotels. Likewise, Behavioral Influencing Tactics’ investigation revealed that
individuals conform to paying taxes when they are informed that most neighboring people have already
paid the tax. It can be deduced that keeping context-specific norms as precise as possible can lead to
maximum behavioral influence.
Management
Managers can test the effectiveness of interventions and protocols by running the randomized controlled
trials at a small scale before implementing them at a larger scale.
Limitations and criticisms
lthough nudging has been seen as a useful tool to promote pro-environmental or other behaviors, its
effectiveness has some limitations. Firstly, the nudging mechanism does not guarantee massive efficiency in
influencing behavior. It can produce small or moderate effects, as mentioned by the House of Lord’s inquiry
on the theory[83]. Secondly, core principles discussed in this article are not stable often; for instance,
interventions can demonstrate different results on different occasions on subsequent applications. The
challenge arises when nudges become prominent, and the users become aware of nudging outcomes and
their own decision biases, which could result in lower efficiency. Thirdly, social psychology studies are
considered obsolete and conflicting Stroebe et al.[84] The key to ensuring up to date knowledge and
information exchange is associated with collaboration and working with diverse academic teams. Fourthly,
behavioral science is seemed as a form of soft manipulation of the general public and raises the question of
ethicality.
According to Frederiks et al.[72], availing auditory reminders for people who often forget how to act in
energy-efficient ways influences their actions towards taking energy-saving approaches. Rafsanjani et al.[60]
also reported a similar finding, who argued that the provision of personalized energy-use informationenabled participants to adopt energy aware behaviors in commercial buildings. An IoT-based smartphone
energy assistant (iSEA) was developed in their research, enabling occupants to track energy usage through
tailor-made personalized feedback. Subsequently, up to 34% of energy savings were identified by tracking
occupants’ energy-use efficiency index at the end of the experimental period. Agha-Hossein et al.[85]
designed an experiment to test if the interactive posters and prompts, when designed under the Elaboration
Likelihood Model, could nudge consumers to change their energy use behavior. The posters were meant to
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raise occupant awareness of adopting energy-saving tactics, such as staircases, offering them metaphorical
feedback that was cumulative. The study concludes that the variety of feedback, messages, and rewards
when communicated through persuasive technologies may help conserve energy in buildings.
Energy conservation with nudging as an integrated tool

The implication of nudges is to influence behavior, decision-making, and collaboration processes, and it is
imperative to reinforce behavior positively and, additionally, interpolate hints and suggestions. For instance,
in the study by Klege et al.[86] it was reported that the combination of different behavioral nudges, like interfloor competitions, sharing of regular information, and using floor advocates, led to a 14% reduction in the
use of energy in a 24-story office building in South Africa. A case study by Wong-Parodi et al.[42] on the
effect of behavioral change on energy consumption in a university building revealed that the use of feedback
strategies regarding social norms led to 10% less energy consumption during the intervention in comparison
to the baseline period. Likewise, in separate research by Yogi[87], a case study of occupants' behavior on a
commercial building at Colorado State University was conducted, where guidelines for minimizing the
impact of wasteful workstyle on a commercial buildings' energy performance were developed.
Feedback plays a critical role in influencing behavior among building occupants and, as a result, improves
energy savings. For instance, Ashouri et al.[88] observed that up to 20% in savings could be attained by
modifying occupant behavior via recommendations and direct feedback on adopting appropriate measures,
such as turning off unnecessary lights, HVAC, and ventilation. Khosrowpour et al.[89] posited similar views,
citing that feedback programs on energy were created to enhance occupants' energy consumption visibility,
thereby improving how they controlled and saved energy. Moreover, Reddy et al.[45] reveal that lightingrelated recommendations can variate energy use in dwellings, and they highlight the importance of user
motivation, quality, and content in such recommendations. Likewise, in related research, Pritoni et al.[90]
showed that deployment of "TherMOOstat" software solicited thermal feedback from students in a
university campus, improved energy efficiency and comfort. Pritoni et al.[90] showed that deployment of
"TherMOOstat" software solicited thermal feedback from students in a university campus, improved energy
efficiency and comfort. The findings from the different studies underscore that occupants are more likely to
be convinced to change behaviors when receiving feedback on energy consumption. A plausible explanation
is that feedback increases awareness of the amount of energy that occupants are required to consume to
reduce consumption levels.
Moreover, user-enabled features have become highly desirable in proposing optimal energy-efficient
solutions in building design. Several interactive projects in AlSkaif et al.[91] are currently available, providing
compelling user-engaging features that influence user energy behavior in buildings. Several interactive
projects[91] are currently available, providing compelling user-engaging features that influence user energy
behavior in buildings. Similar experiments are conducted in Curry et al.[46] for efficient energy and water
management through social networks and interacting technology. Besides, gamification is a recent
development tool that emotionally engages users and can change user behavior through positive feedback
and gamified rewards[4]. It can, therefore, be implied that maximizing energy savings by either incorporating
the human-in-the-loop in Bisadi et al.[92] concept or deploying interactive feedback or gamified
environments is inevitable for reducing building energy use that can shape future intelligent and sustainable
buildings[93].
Three categories of information processing routes, reflective, semi-reflective, and automatic, are presented
in the study by Koop et al.[23]. Among them, the reflective route is associated with the mind's conscious
capability and how knowingly one processes information. However, the semi-reflective route is partially
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conditioned that triggers human cognition on factual information and social norms[23].
This paper particularly emphasizes behavioral nudging and reviews available literature where nudging has
been used as a policy tool to conserve building energy. Although various tools and techniques have been
used in developing behavioral influencing strategies to achieve pro-environmental goals, nudging can
combine other strategies to establish a comprehensive choice architecture. This study aims to showcase
various energy conservation strategies and establish that policymakers and designers of the choice
architecture should not limit to one strategy instead provide all the possible energy conservation options to
users without impeding their comfort and any other incentive. Nudge mechanism is not necessarily useful
in all types of buildings or scenarios, and some influencing tactics may outweigh others. As shown in
Figure 2, despite using social comparisons, feedback, technology in Klege et al.[86] and Myers et al.[86,94], and
moral appeal in Weghorst[52], nudges were ineffective. They did not achieve the desired outcomes in the
absence of user incentives. However, the social norm in Wong-Parodi et al.[42] and the combination of
poster-prompt in Agha-Hossein et al.[85] resulted in effective nudging strategies in buildings. The
combination of multiple nudges such as “Moral Appeal”, “Social Comparisons”, and “Stickers” mentioned
in Charlier et al.[51] demonstrate an ideal example of nudge effectiveness when all integrated.

CONCLUSION AND FUTURE DIRECTIONS
Traditional energy conservation techniques and sophisticated technology like predictive control systems are
in place to minimize building energy use. However, behavioral influencing strategies seem to be more
promising in conserving energy in buildings. Findings show that although technical interventions, such as
smart meters, could improve a buildings' energy efficiency, significant enhancements could be attained by
modifying occupant behavior through nudges. The use of nudges was studied in commercial buildings, such
as single-occupancy offices, open-plan offices, and shared office spaces. The use of technological
interventions was also observed in modifying occupancy behavior in different commercial buildings,
whereby users responded to notifications and recommendations via different kinds of systems. Moreover, it
was also observed that non-technological alternatives, such as moral appeal by word of mouth and posters,
also effectively influenced occupancy behavior.
Human information processing is the key to understand aspects of influencing energy efficient behavior.
The investigations showed that humans process the information unconsciously or through reflection.
Nudging mechanism is designed to provide humans with the choices that direct them to make decisions
through the automatic or intuitive process. This mechanism does not obscure the freedom of choice.
Instead, it facilitates people for making wise decisions conveniently and predictably. Nudging can deploy
one or a range of intervention techniques based on the context and requirements. Ideally, a good nudge can
combine various influencing strategies through tailor-made interventions to positively reinforce energy
efficient behavior. This study has discussed various nudge interventions in commercial, institutional, and
office buildings. Besides this, nudging tools can also escalate the energy renovation policies, including
uptake of renewable energy technologies by users in residential and commercial buildings. For instance,
building users can be motivated to choose solar or thermal solar power systems, install insulated roof and
walls, and install energy-efficient appliances, leading to overall energy efficiency improvements.
This research also advocates for adopting agent-based modeling approaches, whereby energy demand
complexities, such as spatial constraints and social interactions, would be easily represented and studied.
Agent models can be designed by incorporating nudge frameworks and supporting concepts to predict
energy savings over specific periods. Agent-based modeling approach is yet to be widely adopted in
modeling occupancy behavior towards energy conservation in buildings. Henceforth, it is critical to further
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unfold the potential opportunities of agent-based modeling for modeling occupant behaviors and for
evaluating the use of possible interventions. The interventions, if tried and tested in the simulated
environments, can then be used to develop policies to persuade inhabitants to change their behavior for
building energy conservation.
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