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Abstract: Demand-side response programs, commonly known as demand response (DR), are inter-
esting ways to attract consumers’ participation to improve electric consumption patterns. Customers
are encouraged to modify their usage patterns in reaction to price increases through DR programs.
When wholesale market prices are high or network reliability is at risk, DR can help to establish
a balance between electricity generation and consumption by providing incentives or considering
penalties. The overall objective of adopting DR programs is to increase network reliability and
decrease operational costs. Nevertheless, the successful deployment of DR programs requires a
set of conditions without which no success can be guaranteed. Implementing DR programs and
achieving customers’ optimal power consumption behavior could be obtained through technical
methods, such as using smart home appliances and big data techniques. However, even if each of
these approaches is correctly implemented, they are not able to address all aspects of the problem.
The findings of several studies demonstrate that, in addition to technical and economic concerns,
social, cultural, and behavioral variables play a significant role in DR implementation. Therefore,
this paper investigated the social, cultural, and behavioral variables as critical requirements for
implementing DR programs. Furthermore, a theoretical framework and an analytical model of
the elements impacting the electricity consumption are introduced that should be considered by
the planners.

Keywords: demand response; behavioral requirements; cultural and social perspectives; consump-
tion pattern; theoretical framework; analytical model

1. Introduction

Energy issues were not considered a major concern prior to the 1973 oil crisis [1]. The
trend in energy consumption shifted dramatically when crude oil and energy costs rose.
Thus, oil-importing countries moved toward more energy savings and better utilization of
available resources [2]. Aside from the technological considerations, customer participation
in energy management has gained much attention. Therefore, numerous studies were
conducted to discover an efficient solution based on customers’ behaviors in order to
optimize energy consumption patterns. Demand side management (DSM) programs
are widely used to modify the overall consumption profile in order to reduce electricity
costs. DSM refers to a set of actions aimed to control and optimize energy consumption
and minimize expenses, from grid charges to general system charges, such as taxes [3].
However, DSM encompasses a broader concept of energy management, whereas demand
response (DR) focuses more on electricity demand [4]. DR programs are significant globally,
due to their potential to engage end-users in the power supply chain [5,6]. Customers’
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ability to modify their consumption patterns in response to market/system signals is
defined as DR [7,8].

DR implementation is highly dependent on the customers’ decisions. Regardless of
whether the decisions are responsive or not, the implementation of DR is considered a
multifaceted subject. In reality, in addition to the electrical aspect, other factors such as eco-
nomic, cultural, social, and behavioral ones are required for the successful implementation
of DR. In this regard, it is important to evaluate humans’ actions, beliefs, attitudes, and
behaviors in economic, social, and cultural contexts.

Moreover, researchers are increasingly considering how communities respond to vari-
ous challenges as an important topic. In addition, the relationship between environmental
exploitation, and environmental beliefs and values is also considered a significant research
area [9].

In order to modify consumers’ energy consumption patterns, many scientific solutions
have been presented. For example, on the one hand, technical experts believe that tech-
nological advancement has the greatest impact on energy consumption optimization [10].
On the other hand, economists mainly have focused on increasing the prices of energy
carriers as the primary way to control energy consumption. However, even if each of
these approaches is correctly implemented, they are not able to address all the aspects of
the problem. The findings of several studies demonstrated that, in addition to technical
and economic concerns, social, cultural, and behavioral variables play a significant role in
energy consumption and, subsequently, DR implementation.

Furthermore, nowadays, communities are more concerned about the environment,
and societies are moving toward more decarbonization. As a result, this factor should be
taken into account for developing a DR implementation roadmap. Additionally, economic
and financial aspects should be considered in the real world to design and implement
practical projects. Thus, aside from the other non-technical factors, the economic part
should also be studied for achieving efficient DR implementation.

Nevertheless, the scope of this paper is on identifying the cultural, social, and be-
havioral factors affecting energy consumption habits and DR programs. However, since
different sociological factors are intertwined and cannot be separated in many cases [11,12],
economic and environmental factors are also considered in the literature review of this paper.

Culture is the determining element in the development of all long-term human behav-
ior. Culture could be defined as an immaterial and man-made environment that includes
values, beliefs, customs, and traditions accepted by the majority of society. The most im-
portant feature of culture is stability and adhesion. In other words, culture is defined as the
population’s lifestyle, including arts, beliefs, and institutions, passed down from generation
to generation. Culture has been described as “a whole society’s way of existence”. As a
result, it encompasses etiquette, dress, language, religion, rituals, and art [13]. On the one
hand, sustainable human behavior is the result of a particular culture. On the other hand,
differences in behaviors are also the result of differences in cultures. As a result, changing
sustainable behaviors requires a culture shift. Therefore, to change society’s consumption
behavior, special credit should be given to the cultural factor [14].

Moreover, the social aspect refers to the interaction of people and other organisms
with each other and their collective co-existence. Social organisms, including humans,
live collectively in interacting populations [15]. Humans, like other social species, live in
interacting communities. This interaction is considered social whether they are aware of it
or not, and whether the exchange is voluntary/involuntary.

DR implementation requires a suitable automation system to meet the fluctuating
circumstances inside energy networks. However, obtaining a social license, i.e., ensuring
the acceptance and agreement of the impacted stakeholder communities, is one of the
critical barriers for introducing and sustaining automation systems for implementing DR
programs [16,17]. As a result, this paper aims to provide an overview of the existing state of
knowledge and remaining problems to understand the social aspects vital for a successful
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DR implementation. Therefore, social factors affecting energy consumption have also been
examined in conducting this paper’s state of the art.

Theoretically, controlling energy consumption has enormous potential benefits for
energy resource conservation. However, there are many barriers against DR programs
targeting behavioral patterns of energy consumption. Behavior refers to a person’s behav-
iors or reactions in response to external or internal stimuli. Energy behaviors refer to all
human activities that have an impact on how energy is used to provide desired services.
Maintaining the changed behavior is among one of the most significant challenges. In the
short term, incentives and encouragement may have a good effect on people. Still, if their
physical and social surroundings remain unchanged, individuals will quickly revert to
their former behaviors once the interventions are finished [18]. Various behaviors rely on
different procedures. One-time behaviors, such as purchasing an energy-efficient appliance,
differ from everyday behaviors, such as turning off the lights. People predicate a lot of
their behaviors on those of other people, especially those around them. The implemen-
tation of DR programs requires a solid grasp of the implications of daily living routines
and behavioral norms on energy usage, as well as a thorough knowledge of the target
group and their problems. By understanding important behavioral factors affecting energy
consumption, power system operators would be able to modify the consumption behaviors
or pave the way for this change. It can also help visualize energy consumption, determine
the appropriate time for operators to intervene, and involve stakeholders in DR programs.

Thanks to the existence of appropriate frameworks for economic analysis, such as
classical economic theory, there are many research works on the financial obstacles of
energy efficiency programs, which can influence the analysis of DR barriers [17]. There
is no need to reiterate economic fundamentals because they are so well understood and
universally accepted. However, when it comes to DR, fundamental economic mistakes
are still widespread [19]. Although the primary focus of this study is on cultural, social,
and behavioral factors, the literature review also looks at the most significant economic
variables that impact the implementation of DR programs. The major findings of this
investigation revealed that economic barriers are primarily defined as those factors that
affect the financial willingness of entities and organizations to explore possibilities to
supply ancillary services and DR. One of the most significant economic challenges to
adopting DR programs is the lack of desirable incentives. This might have a major impact
on the rate of participation in DR programs.

The promotion of DSM programs can raise public awareness of environmental con-
cerns and power safety, which are important for DR success [20]. It is found that the
potential of DR implementation depends on the weather, building dynamics, occupant
preferences and behaviors, as well as the environment. Furthermore, the response of a
group of prosumers might be changed depending on the environmental conditions [21].
For example, it was observed that the flexibility of a DR actor was reduced from 500 MW
in winter 2018 to 50 MW in spring 2020, due to the environmental factors [22]. There-
fore, in addition to the other variables stated above, environmental factors impacting DR
deployment are also considered in the literature review.

The rest of the paper is organized as follows. In Section 2, the research hypotheses,
methodologies, literature review, concepts, and a theoretical framework are introduced to
study the influential factors on energy consumption. Section 3 is dedicated to investigating
customers’ sensitivity with respect to the electricity prices. Then, some of the important
factors in raising the DR programs’ participation rate are introduced in Section 4. In
Section 5, an analytical model is presented to show the relationship between the proposed
cultural, social, and behavioral factors. In addition, the relationship between various factors
and electricity consumption behavior is demonstrated in this section. The appropriate
discussion, solutions, and outlook are also provided in Section 6. Finally, the conclusions
are presented in Section 7.
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2. Methodologies, Concepts and Theoretical Framework

The major findings of the literature review in cultural, social, behavioral, economic,
and environmental factors that significantly influence energy consumption habits are
presented in Tables 1 and 2. The following information was obtained from a study of
53 references over the last 20 years. As the tables show, most studies were conducted
on residential customers. The most important factors that were studied are the social
and behavioral ones. However, only four references considered all the aspects. It can
also be observed that environmental and cultural factors need more attention in future

research studies.

Table 1. Taxonomy of the studies from five different aspects.

Different Aspects
Ref. Type of Customers
Cultural Social Behavioral Economic Environmental
[23] Vv Vv Vv Urban citizens
[24] v N4 Residential
[25] v v Residential
[26] Vv Vv Vv Residential
[27] Vv v Industrial
[28] vV Vv Residential (Schools)
[29] Vv Vv Residential
[30] v Vv Rural citizens
[31] Vv v Industrial
[32] Vv Vv Industrial and Residential
[33] v vV Urban citizens
[34] vV v Urban citizens
[35] Vv Vv Vv Industrial
[36] v Vv v Vv Residential and Urban citizens
[37] Vv v Residential
[38] Vv Vv Vv Vv Industrial
[39] Vv Residential
[40] 4 Vv v Urban citizens
[41] Vv Vv Residential
[42] v Vv v Residential (Schools)
[43] Vv V4 Vv Urban citizens
[44] Vv Vv Residential
[45] v Vv Vv Residential
[46] V4 Vv Industrial
[47] vV Vv vV Residential
[48] v Vv v Vv v Residential
[49] Vv Vv Residential
[50] vV Vv Residential
[51] v vV Vv Residential
[52] Vv v Vv Country citizens
[53] Vv Vv Vv Residential
[54] v vV Residential
[55] Vv Vv Rural citizens
[56] Vv Residential
[57] v v Vv Residential and Urban citizens
[58] Vv Vv Industrial and Residential
[59] vV vV Vv Residential
[60] Vv v Industrial and Residential
[61] vV Vv Industrial
[62] Vv vV Vv Residential
[63] v v Vv Industrial and Residential
[64] Vv Vv Vv Industrial and Residential
[65] vV Vv vV Vv Country citizens
[66] v v v Vv v Industrial and Residential
[67] Vv Vv Vv Industrial and Country citizens
[68] Vv vV Industrial and Residential
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Table 1. Cont.

Different Aspects
Ref. Type of Customers
Cultural Social Behavioral Economic Environmental
[69] vV Vv vV Vv Industrial
[70] v Vv v Vv v Residential
[71] 4 Vv Industrial and Country citizens
[72] vV vV Vv Industrial
[73] v Vv Vv Residential
[74] Vv V4 Residential
[75] Vv vV Vv vV Vv Industrial and Residential
Percentage  41.50 66.03 64.15 58.49 39.62 -
Table 2. Main results of literature review.
Ref. Main Results
[23] There is a close relationship between electricity consumption and gender, environmental lifestyle variables, ecological
awareness, and environmental value.
[24] Cultural attributes, residence, and income have significant effects on electricity consumption.
[25] Behavioral attributes of residential customers are highly dependent on the characteristics of households, types of residential
houses, and the features of the electrical appliances.
Electricity consumption management at a residential building is dependent on various social and economic factors, including
[26] household income, the number of family members, usage rates and prices of electrical appliances, building infrastructure,
number of rooms, and education level.
[27] Customer awareness of energy is introduced as the most important variable in the social aspect of DR programs. Prosumer’s
energy consumption behaviors are shaped depending on their understanding of the energy system’s infrastructure.
28] Direct learning through brochures, books, and videos is presented as one of the most significant behavioral variables in
enhancing individual engagement in energy management programs, based on the findings of an experiment.
[29] According to the findings of their experiment, the higher a household’s income, the more inefficient their energy usage is.
Moreover, the higher the family members” degrees of education and awareness, the more energy efficient their behaviors.
[30] Rural society’s consumption behavior is mainly affected by the ceremonial points of view, which mostly consist of cultural
and behavioral issues.
Energy carrier price increases have an inverse impact on energy consumption, meaning that as prices rise, the energy
[31] consumption is reduced. Moreover, the population of the society has a direct influence on energy consumption. However, the
: authors concluded that the relationship between economic growth and energy consumption is direct in the short term, while
inverse in the long term.
Transparency of information about the electricity supply process, comprehensive explanation of the remaining amount of
[32] fossil fuel, improving cultural components, providing effective advice on purchasing electrical appliances, and paving the
way for sustainable electricity usage are all important factors for better implementation of DR programs.
[33] It is stated that cultural and economic capitals are the most critical factors influencing the electricity consumption patterns of
i urban citizens.
[34] Gross domestic product (GDP), population size, urban population rate, and age factors significantly affect DSM programs.
It is essential to consider cultural, social, environmental, and technical factors for designing the DR road map. The authors
[35] stated that the most significant aspects in developing an efficient energy framework in various sectors, including industry,
transportation, and agriculture, are regulation modification, public education, the reduction of transmission losses, and the
enhancement of renewable energy sources (RES) integration.
The effects of several non-technical factors on energy usage were studied. For example, cultural capital, economic capital,
[36] gender, age, education level, employment status, number of electrical appliances in the house, people’s views about subsidies,
monthly income, and housing style (owned or rented) are among the aspects.
[37] Energy consumption management in the home is influenced by various social, behavioral, and structural factors, such as
people’s age, architecture of the house, the building’s infrastructure, and people’s lifestyles.
[38] The more that companies value the environment and the more they know about it, the more willing they are to participate in
i energy management and DR programs.
[39] In this research, household income is introduced as the most important factor in the improper increase in electricity consumption.
[40] Itis concluded that the “Daylight Saving Time” law has a well-positive impact on the energy consumption of households.
The amount of energy consumption and the rate of participation in energy consumption management programs largely
[41] depends on the type of environmental attitude of individuals. Therefore, the more that people are concerned about the
environment, the more willing they are to assist DSM operators by participating in DR programs.
[42] The effectiveness of TV commercials on modifying students’ energy consumption behavior is investigated. Educational

advertisements and raising students” awareness of DSM programs have a long-term impact on energy usage optimization.
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Table 2. Cont.

Ref.

Main Results

[43]
[44]
[45]
[46]
[47]

(48]

[49]

(501

(51]

[52]

(53]

[54]

[55]

[56]

[57]
(58]

[59]

[60]

[61]

[62]

[63]

[64]

Technology adoption level, urbanization, and economic growth are introduced as the most significant factors in total energy
consumption modification, respectively.

The impact of subsidies on household electricity usage is investigated.

Based on a study on the socio-cultural factors on the households’ energy consumption behaviors, it turns out that international
media, high education, high wealth, marital status, and low normativeness affect the energy consumption behaviors.
Lifestyle, environmental friendliness, and commitment to frugal activities are sociological characteristics that impact DR programs.
There are direct links between energy conservation and understanding of saving measures, commitment, and awareness of the
repercussions of excessive usages, meaning that as the rates of these factors increase, energy conservation behaviors improve.
They performed an extensive study on the social, cultural, and economic factors that influence home energy usage. The
findings reveal that people’s attention to the environment, their rate of access to facilities, their level of faith in energy system
operators, and their chance to obtain trustworthy news sources for understanding energy management programs play an
important role in their consumption patterns.

People have often objected to the consumption management regulations imposed by power system operators, claiming that the
regulations violate their privacy by directly affecting their energy consumption. Furthermore, policies such as influencing people’s
energy usage to change living standards frequently conflict with social welfare objectives and often have negative repercussions.
The authors conducted a qualitative and quantitative field study to identify the most important factors in reducing household
energy consumption. They claimed that the financial status of the head of the household, the type of housing unit (e.g.,
apartment, house, or ranch house), and the characteristics of electrical appliances are the most critical factors.

The size and age of the house, the number of home inhabitants, seasons of the year, and people’s age and income influence
energy consumption behaviors.

The more people that a country has, the more efficient its energy usage becomes. The same can be said about the age of
people, meaning that the behavior of people consuming electricity becomes more efficient with age. Furthermore, the more
economically developed a country is and/or the greater its urban population, the more energy it consumes.

By studying the concept of domestication, the authors offered a novel strategy to reduce consumption in the private sector.
However, they also concluded that energy consumption in the private sector is part of a complex network. As a result, it is
important to comprehend this network in order to accomplish a more permanent energy reduction.

They looked at the current energy consumption patterns in the residential sector and analyzed the reasons behind the usage
patterns. This study shows that the role of homeowners in choosing a source of energy is very important and is influenced by
the family’s income.

They introduced the energy conservation behavior concept as one of the aspects of sustainable consumer behavior. They
concluded that individuals’ values and beliefs activate personal norms, which leads to conservation behavior.

They examined some of the most important assumptions and ideas about how people utilize energy in their homes. They
investigated the influence of erroneous conclusions from simplified theories on energy efficiency. They also recommended a
new method for reducing energy use.

Residential energy consumption is influenced by the social and economic factors of the family members, such as gender and
income, as well as their vehicles’ features and number.

In collaboration with the private sector and local authorities, the government can encourage people (individuals or
communities) to save energy and improve consumption patterns by using their own behavioral insights.

The country’s specific political conditions and the policy framework determine the form of daily consumption of households.
The effectiveness of three policy tools (legislative, economic, and communicative) on residential consumption is also investigated.
Consumers become encouraged to use less energy and improve their consumption behaviors if they receive energy
consumption feedback. Customers were asked to record and submit their electricity meter readings. The results showed that
individuals who took part in the trial spent 6% to 7% less energy than those who did not.

A survey is utilized to investigate how procrastination and environmental awareness impact people’s heating-energy-saving
behaviors. According to the findings, people who have a propensity for procrastination are considerably less likely to engage
in most heating energy-saving actions. It was also found that there is a positive relationship between environmental
awareness and involvement in daily energy-saving activities, such as reducing the indoor temperature.

This research developed a multidisciplinary framework by combining home data from a population census, activity-based
energy demand modeling, and a survey on behavioral intentions to participate in DR and change energy consumption. The
findings emphasize the significance of promoting DR to the majority of people, especially those who are underserved, as well
as overcoming behavioral and cultural hurdles to DR promotion.

Customers should adjust their demand to lower-cost times and avoid higher-cost periods. The cost reductions in network
build-out, smoothing peak demand and reducing the pressure on production at peak periods, benefit all DR stakeholders.
They performed a literature analysis to summarize what is known about how small energy users (e.g., households and small-
and medium-sized enterprises) may react to time-of-use electricity tariffs and which tools may be available to assist them in
doing so. To predict users’ behaviors, they used behavioral science theory.
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Table 2. Cont.

Ref.

Main Results

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

They investigated the challenges of the participation of demand-side resources in the regulated electricity market and
provided solutions to overcome DR implementation barriers in this market. They also mentioned the advantages of DR for
utilities, and how it may be used in regulated markets.

They discussed behavioral factors acting as the barriers for energy-saving behaviors, the adoption of energy-efficient and
clean technologies, and sustainable mobility options. Finally, they provided a snapshot of how energy ministries, regulatory
agencies, and utilities may use behavioral insights to design and execute more successful energy policies and DR programs
by analyzing some case studies.

An analysis of the deployment of demand-side flexibility and DR implementation is provided in order to identify barriers for
demand-side flexibility to access relevant markets and products through explicit mechanisms. It focused on explicit DR and
addressed implicit DR in conjunction with the explicit one.

DR concepts and drivers originating the requirement of demand flexibility are provided in this research. A detailed
categorization of various DR programs is also provided based on economic, technical, and technological factors. They
pointed out that various DR schemes could investigate grid behavior and thus, contribute significantly to grid stability and
investment saving.

This overview of DR implementation has highlighted and covered a number of gaps in knowledge about DR, including the risks
of power system transformations, realizable potential, consumer engagement, business models, market design, and regulation.
They investigated the effects of the householders” and practitioners’ views of DR programs on the residential DR acceptance
rate. Their findings showed that technical variables could improve practitioners” comprehension of DR, as well as
householder agency, which is critical for residential DR adoption. They also found that achieving a decarbonized future
based on DR will be difficult without addressing the householders” agencies, and consumers may stay tied to present
socio-cultural actions that prevent DR adoption.

They suggested a social and economic benefit evaluation model to encourage DR participation. In addition, the investment
needs for promoting the usage of DR were examined, and practical DR application strategies were proposed.

They analyzed medium and large industrial clients, based on the significance of the industry sector, the complexity of
executing the regulatory framework, and the importance given to the industrial customers in the legislation and DR literature.
Consequently, they highlighted the challenges in untying the full DR potential of the productive industries and provided
recommendations for the promotion of DR.

An analytical framework is offered to assist governments in achieving the best possible results from their activities. They
developed an evaluation methodology for assessing the effects of different factors in DR implementation, using prior studies
and experts’ comments. The suggested model considered the intricate interdependencies between variables and dimensions,
resulting in a cause—effect diagram that could be used to compare alternative implementation approaches.

The purpose of this study was to conduct a qualitative, interview-based, comparative assessment of how householders adjust
their habits in response to changing power supply networks. In a cross-cultural examination, using theories on temporalities
of practices emphasizes the importance of the local socio-material and cultural context.

Individual, community, organizational, electricity system, and national levels should be considered for developing DSM
programs. They suggested the concept of “social license” to propose prospective beneficiaries of future DSM programs. The
idea of social license for DSM is presented to demonstrate how post-industrial societies can transit to a low-carbon future by
enrolling citizens in the management of electricity systems.

In order to analyze the energy consumption behaviors, it is necessary to determine
the affective factors on the load pattern. As a result, it is important to identify the roles
and impacts of the cultural (such as education level), social (e.g., family and friends), and
behavioral (for instance, attitude) factors affecting consumer behavior [23]. Therefore, this
paper identifies the human behavior parameters that could affect electricity consumption.
In addition, other non-technical factors affecting the electricity consumption behavior and
requirements for implementing the DR programs are also examined in this study.

The main contributions of this paper are as follows:

e A theoretical framework is presented by considering three important sociological
factors: familiarizing customers with DSM programs, lifestyle theories, and the new
environmental paradigm.

o Different customer’s reactions to DR programs with respect to the electricity prices are
investigated. A desirability function and loss aversion concept are also introduced.

e  The effects of response fatigue, gamification, and subsidies on increasing the DR
participation rates are investigated. Finally, considering economic, cultural, and social
capitals and their related components, an analytical model is presented.
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In order to develop the theoretical framework, the main concepts and sociological
perspective of the paper are presented in this section. Examining the relevant theories (as a
general guide for answering the questions and accomplishing the mentioned objectives)
reveals the following three major sociological factors impacting the involvement rates in
DR programes:

e Introducing the DSM programs to customers and investors;
e Investigating consumption and lifestyle theories;
e Examining the new environmental paradigm, as well as value and knowledge.

2.1. Introducing the DSM Programs to Customers and Investors

Without the development of the electrical sector, economic progress and industrial
prosperity are impossible. Unfortunately, electricity shortages and forced blackouts have
wreaked havoc on the economies of developing countries in recent years. Their recession is
inevitable if this pattern continues [76].

Consumption management is one of the important tools utilized by power utility
companies or large consumers to reduce consumption peak and smooth the load curve,
which increases the energy system'’s efficiency and reduces the costs. Operating companies
use consumption management methods to minimize power shortages during peak hours
and improve load factors. Due to their numerous economic, technical, and service benefits,
these methods are also used by major consumers, such as factories. One of the most effective
ways to improve consumption management is implementing DSM policies, especially DR
programs [76].

Power utility companies can substantially reduce power shortages during peak hours
by familiarizing their major customers with optimal consumption behaviors and encourag-
ing them to use these methods. For example, electricity companies can offer more expensive
electricity during the high-consumption months (such as summer) and cheaper ones during
the low-consumption months. This can motivate large companies and industries to cut
operational expenses by scheduling yearly leave and vacations during peak consumption
months [76]. Owners of large industrial companies can also reduce the cost of electricity
consumption by utilizing and adhering to various user-friendly DSM programs provided
by electricity companies and research institutes.

2.2. Investigating Consumption and Lifestyle Theories

Every phrase in the social sciences is understandable in its conceptual context. As
an example, the term “lifestyle” is closely connected to a collection of concepts, such as
culture (objective and subjective), society, content, behavior (e.g., attitude, and value), and
social classification. It is impossible to comprehend lifestyle and its related theories without
understanding these relationships. Lifestyle applications have generalized concepts and
may be utilized in a variety of situations. They are sometimes referred to as “culture and
class” by mistake. As a result, we should seek the precise meaning that demonstrates the
link between lifestyle and other occurrences and concepts [77].

In sociological literature, lifestyle has two meanings. The first one backs to the 1920s,
when the concept of “lifestyle” was commonly used to signify the social level and indicate
wealth and social standing. The second one is a new social form that only makes sense in
modernity changes and the growth of the consumerist culture. In this sense, lifestyle is a
way to define the values, attitudes, and behaviors of individuals, and its importance in
social analysis is growing more and more [78].

Traditionally, consumption, as one of the major social phenomena, is used to describe
lifestyle. However, given the relevance of energy consumption with lifestyle in this paper,
the perspectives of prominent experts who have investigated consumption and lifestyle
are analyzed.
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2.3. Examining the New Environmental Paradigm, as Well as Value and Knowledge

Modifying the energy consumption behaviors and its tools (such as DR) impacts the
amount of fuel used to produce energy and, consequently, the environment. Therefore,
cultural and social factors affecting DR programs can be identified by examining theories
related to the environment. At the beginning of the 21st century, environmental issues
received considerably more attention than ever as human societies’ damage to the envi-
ronment became more significant [79]. Some environmental scientists believe that human
actions are important reasons for the majority of ecological problems. Human misuse of the
environment has been highlighted as the world’s most serious long-term hazard. Improper
human behavior has a negative and irreversible impact on the environment. If these issues
are not addressed, there is no assurance that the planet will be sustainable in the future [80].

Environmental sociologists strive to comprehend and predict individuals’ environmen-
tal behavior in a community (environmental behavior indicates the individuals’ thoughts
and treatments regarding the environment). Attitude is one of the factors used to predict
environmental actions. According to Dunlop’s New Environmental Paradigm (NEP), all
behaviors have intention and purpose. The focus of this theory is on how individuals make
judgments and choices in certain situations [79]. The environmental approach addresses
issues such as protecting wildlife, natural resources, plants, forests, and native animals.
This strategy also aims to solve environmental problems on the macro level.

There are a variety of sociological ideas regarding why and how people will change
their environmental behavior. One of these crucial paradigms is the new environmental
paradigm [79]. The separation logic (human separation from nature) claims that the
relationship between humankind and the environment is sociologically insignificant. From
this perspective, human beings are separate from nature due to their superior power and
civilization. From the industrial revolution through the second half of the 20th century, this
technique was applicable. The paradigm of human separation from nature was based on
four main assumptions:

1.  Humans vary from other animal species due to cultural and genetic traits;

2. Cultural and social elements, are essential determinants of human difference;

3. Human cultural and social relations are complex, and the biophysical environment is
vast and ambiguous;

4. Culture is a cumulative notion, meaning technological and social progress may be
limitless and cure all societal issues [79].

Some sociologists tried to alter the paradigm in sociological research by criticizing the
existing dominant approach that exclude human beings from nature. As a result, some
sociologists have reinterpreted the new ecosystem paradigm with respect to the environ-
ment’s influence on social behavior and the environment’s impact on social processes. They
concluded that humans’ interactions with nature are dependent on the global ecosystem
like other species. Thus, a new perspective emerged within social studies that incorporated
environmental variables into social research and provided a new sociology perspective. By
identifying the human initiative, this approach believed that humans are interdependent
with other species in the ecosystem. Social and cultural aspects were also taken into account
as essential factors in this strategy. It is worth noting that ecological feedback has an impact
on humans as well. According to sociologists, human society is an integral part of life.
Some of them were concerned that human societies” dominance over nature might lead to
self-destruction [79].

Humans have constructed complex communities and buildings for their exploitation
and comfort by overusing natural resources. This has led to the severe destruction of nature.
The new ecosystem approach changed previous sociological theories. This new method
promoted a more ecological, less human-centered viewpoint. This means that humans
are only one of the many species that live on the planet [79]. In addition to the previous
research assumptions, this paper investigates this paradigm based on other assumptions,
as follows:
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e  Humans have unique traits. They are one of the species that are reliant on the global
ecosystem for survival.

e  Human life is not only influenced by cultural and social factors, but also by the
complex loop of causes, effects, and feedback. As a result, even purposeful human
actions may have unintended consequences.

e  Humans are dependent on the biophysical environment, live in it, and are affected by
this environment’s biological and physical limitations.

e Humans should never violate ecological laws, even if they are able to overcome
limitations by relying on their initiatives.

Some other sociologists took an approach (new ecological paradigm) and claimed that
the escalating environmental crisis had ramifications not just for nature, but also for human
society. This method provides a unique sociological perspective in which the environment
is also important for understanding social circumstances, just like political and economic
activities. In the following, environmental value and knowledge as the components of the
new environmental paradigm are introduced.

e Environmental value

Environmental value includes a people’s fundamental opinions about the environment
and reflects their worldview. For example, studies indicate that people with more biological
values and also who have intrinsic respect for the environment usually pay more attention
to the environment than those with technological values who believe that technology can
solve environmental problems [81].

e Environmental knowledge

Knowledge is a necessity for achieving success. Therefore, it is used to mitigate
psychological barriers, such as ignorance and misinformation. Although knowledge may
not always impact behavior directly, it reinforces other characteristics that facilitate behavior
modification [82].

Some researchers care a lot about environmental knowledge. They believe it is essen-
tial to have a broad and universal understanding of biological and ecological concepts to
restore and maintain environmental quality [28]. Another group of researchers defines
environmental knowledge as an individual’s ability to understand and evaluate society’s
impact on ecosystems. They emphasized that environmental knowledge means a thorough
grasp of environmental concerns, challenges, and repercussions. However, some other so-
ciologists have proposed three types of environmental knowledge: systematic knowledge,
action knowledge, and effective knowledge. Systematic knowledge is concerned with the
functioning of ecosystems. The relationship between carbon dioxide and global climate
change is an example of systematic knowledge. Action knowledge refers to a wide range
of behavioral techniques (such as activities concerning reducing carbon dioxide). Effective
knowledge is information that aids a person in making behavioral decisions. As a result, it
may be argued that having a basic understanding of the environment is a precondition for
having an appropriate environmental behavior [83].

3. Customers’ Sensitivity to Electricity Price and Electricity Consumption

Customers’ reactions to the implementation of various DR programs are different.
Many mathematical models have been proposed to predict customer reactions. For instance,
DR models can be presented using the concept of demand-price elasticity [84]. Demand-
price elasticity is defined as the sensitivity of the customers to adjust their load profile in
response to the changes in the electricity prices [85,86]. Changes in demand with respect
to prices can be modeled, using linear or nonlinear functions [84,87]. Different customers’
attitudes and behaviors lead to variations in the selection and execution of DR programs at
different times. As a result, these attitudes and behaviors should be evaluated in addition
to the preceding examples. By presenting a flexible model, time can be included in the
model [88]. Some DR models are based on optimization methods [89]. Customers’ logical
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behavior is the fundamental premise in the optimization-based approach. The maximizing
of desirability or minimizing the costs might be used as the problem'’s objective function.

In the psychology and behavioral economics domain, non-financial interventions
can be successful, such as money incentives in changing consumers’ consumption behav-
iors [90]. In this regard, special attention can be paid to the energy policy. Rewards and
penalties are two strategies that can change the consumption pattern of customers [85].
Although both of these strategies can lead to behavior modification in the short term, re-
search studies have shown that incentives can also contribute to habit formation in the long
term [91]. According to this theory, even if the long-term incentive-based DR programs
are no longer be implemented in a system, most of their positive effects are anticipated to
persist, due to habit formation [92]. Many researchers have also studied the effect of elec-
tricity prices on customers’ behaviors to reduce energy consumption. The findings reveal a
strong relationship between financial incentives and customers’ behavioral traits [93,94].

Based on human behavior studies, it can be concluded that the customers’ responses
to penalties and rewards are not the same [95]. This is contrary to the classical economics
assumption that customer behavior is linear. Additionally, the “loss aversion” concept
could be considered, which is one of the most well-known psychological theories of human
behavior [96]. The concept of loss aversion implies that people generally prefer to lose less
rather than gain more [97]. In other words, in the financial behavioral domain, the fear
of losing is a far bigger stimulant than the desire to profit. Most psychological research
studies show that the fear of losing is around twice as strong as the desire to earn [98].

According to the behavioral economics research studies, the effect of loss on a person’s
inner feeling is much stronger than profit [99]. Figure 1 illustrates an example of the
desirability function. As a result of the introduced concepts, the curve slope is greater in
the loss area than the profit area. In micro and classical economic theories, it is always
assumed that an equal amount of profit or loss produces the same participation level.
However, such an assumption is incorrect, considering human behavior characteristics [96].
In high-risk and low-risk situations, the level of loss aversion is different. It is worth noting
that in high-risk circumstances, the slope of the desirability function curve is larger.

Desirability

Profit value

/|’

Loss Profit

Loss value
s

-

Figure 1. Outline of the desirability function [96].

4. Enhancement of DR Programs’ Participation Rate

From a long-term viewpoint, the success of a DR program is determined by the extent
of ongoing consumer involvement. Unfortunately, it is found that complex programs make
users less likely to participate. In addition, there is evidence that consumers gradually lose
their interest in programs that they do not fully comprehend [100]. This phenomenon is
known as “Response Fatigue” [11]. It can be extremely harmful in practice since it can



Appl. Sci. 2021, 11, 11456

12 of 23

gradually wash away the benefits of the significant efforts required to gain demand flexi-
bility. Generally, the information presented should allow for gradual learning. Consumers
enjoy exploring and learning from their previous experiences. Therefore, data should be
provided in a variety of formats and should allow for social comparisons. The most crucial
factor in eliciting a large consumer response is not price; instead, users and behaviors are
more influenced by social interactions [101].

Moreover, utilities and power system operators could benefit from “Gamification”
as an interesting way to raise people’s participation in DR programs [102]. Gamification
fosters participation and inspires people to learn more quickly or to attain specific objectives.
Furthermore, the gamification platform provides immediate feedback on performance
as well as recommendations for improving the results. Gamification is also an effective
method for behavioral changes [103]. For example, users can earn points for their activities
and receive virtual (e.g., badges) or real-world (e.g., discounts, and gadgets) prizes by
embedding a behavioral modification application in a gamified scenario. A game is
created to take the player on a trip that includes discovering the product or concept,
learning the rules, earning rewards, and progressing through regular use [104]. The final
concept is to reach the point where there is nothing more to learn, explore, or gain. The
desired level of social prestige or contentment is attained at this point. Gamification can
motivate consumers to become more energy efficient by creating goals and tracking usage
behaviors [105].

Moreover, DR cannot indefinitely rely on direct or indirect subsidies [106]. Instead, a
successful DR program depends on users’ self-interest, which can be cultivated through
knowledge and incentives. Subsidies are problematic, not because of the immediate finan-
cial distortions they cause, but because of their impacts on long-term system equilibrium.
This is due to the fact that consumers who are mostly consuming in peak demand periods
are cross subsidized by those whose consumption patterns are flat. The primary purpose
of dynamic pricing is to reduce cross subsidies and, more precisely, allocate expenses.
However, it should be utilized with caution, as it could result in significant payments if
consumers cannot respond to price signals.

Furthermore, the psychological impacts of DR participation should not be overlooked.
They stem from a variety of problems. Firstly, most societies are accustomed to having
power available at all times. By enrolling in a DR program, however, this availability
is jeopardized. Because electricity is not always available, proper behaviors should be
adapted. Secondly, if it is automated (as most DR programs are), the participant gives up
control over their personal life. Appliances in their homes are now controlled by someone
or something far away. This may be perceived as an intrusion into their privacy. Finally,
DR programs can increase participants’ stress levels. The psychological effects could cause
a fall-out of participants, especially as it proceeds toward large-scale deployments. As a
result, DR stakeholders should pay adequate attention to psychological impacts [22].

5. Capitals and Analytical Model

In the last two decades of the 20th century, human activities and the resulting environ-
mental damage became increasingly important. Researchers from a variety of scientific
fields have collaborated to describe the problem and provide solutions. However, some
scholars also believe that we should look at this issue from the perspective of the lifestyle
idea. The energy consumption behaviors of individuals and families in a community
depend on the lifestyles of people in that society. The destructive effects of pollutants
produced in the atmosphere are also greatly influenced by lifestyle. Lifestyle analyses in
energy and environmental studies show the relationship between lifestyle and environ-
mental impacts. It may also assist individuals to develop technologies and social structures,
which could reduce environmental degradation.

Explaining the fundamental gaps between values, behaviors, and environmental
actions is one of the benefits of utilizing lifestyle analysis in environmental issues. While
most individuals with environmental values believe that environmental limits must be
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respected, they do not act accordingly in practice. As a result, one of the aims of lifestyle
analysis is to explain the gaps between values, behaviors, and environmental sustainability
activities [107].

Various factors, such as different capitals in the community, affect the implementation
of DR programs and consumption behaviors. Individuals’ energy consumption behaviors
are influenced by cultural, economic, and social capitals. Each of them contains several
variables. For example, cultural capital is influenced by environmental knowledge and
education. They cause people to choose between different consumption behaviors (e.g.,
low, medium, high, and very high). The more capital a person possesses, the better their
social standing. These capitals also affect people’s behaviors and lifestyles [108].

Capital is inherently linked to power, and they would almost be considered equal
in social science [107]. This is because capital allows a person to make a secure profit by
participating in a competitive environment. As above-mentioned, capital has three primary
forms that are defined as follows [109].

5.1. Economic Capital

Economic capital can be converted into money and institutionalized in the form of
property rights. Due to the characteristics of economic capital, it can be considered to be
money and material objects used to produce goods and provide services [109].

5.2. Cultural Capital

Cultural capital is sometimes similar to economic capital, and it is institutionalized
in the form of educational quality. Cultural capital refers to a person’s desires and may
be used in a variety of ways. Cultural capital, for example, is utilized as a prerequisite
for gaining other capitals. Someone with a high level of cultural capital is better able to
express his/her social opinions to others. Moreover, if a person has a high level of cultural
capital, he/she can adopt appropriate behaviors with more confidence. Cultural capital
could be expressed in two ways.

5.2.1. Embodied Cultural Capital

This type of cultural capital symbolizes the knowledge and potential of a group of
people. In other words, embodied cultural capital refers to prospective talents that have
progressively become a part of an individual’s strength.

5.2.2. Institutionalized Cultural Capital

This form of cultural capital includes academic qualifications and is apparent in the
form of degrees. It also gives the legal and social values to the holder of qualifications.
Environmental knowledge and energy proper usage can be part of cultural capital. Energy
consumption becomes more efficient as this capital grows.

5.3. Social Capital

Social capital is made up of social obligations and can be converted into economic
capital under certain conditions. Potential benefits acquired via community membership in
social networks are referred to as social capital. The critical components of this capital are
social trust, social participation, and social support. Behavioral problems appear to be more
closely linked to social trust and social involvement [109]. People with higher levels of
social capital have easier access to information, which leads to their higher participation in
DR programs. In addition, based on this information, they are more motivated and skilled
than others to act properly. Social trust makes other people’s actions better interpreted,
while social participation provides opportunities to become aware of other consumers’
consumption behaviors.
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5.3.1. Social Trust

People who have a higher level of trust in others have a greater tendency to participate
in the DR programs for two reasons:

1.  Trust does not directly enhance people’s access to information. However, trust in
information sources (such as friends, news resources, and government agencies)
increases the likelihood of influencing people’s behavior.

2. People with higher levels of social trust are more motivated to save energy because
they believe that others will also have responsible behaviors, and thus, this increases
their behaviors’ effectiveness.

5.3.2. Social Participation

Social participation provides the motivation, information, and skills required to adopt
energy consumption methods. Members of social groups usually share the same behaviors
and values, which might drive them to practice consumption management. Participation in
a variety of social organizations also improves a person’s social relationships. Consequently,
people’s access to information would be improved, which has a beneficial impact on their
consumption behavior.

5.4. Analytical Model

The analytical model of the research is expressed in this section based on the theoretical
framework and other topics that are discussed above. Based on an analytical model, it
would be possible to do the following:

e  Study influences of cultural, economic, and social capitals—as concepts derived from
Bourdieu’s theory (Bourdieu’s theory defines lifestyle as a set of systematic activities
that arise from the stamina of each individual. According to Bourdieu’s theory, lifestyle
identifies the individuals personalities and also distinguishes between different social
classes [110]) of consumption and lifestyle—on the electricity consumption behavior;
Find out how people’s knowledge of electricity affects electricity consumption behavior;
Investigate the effects of environmental value on the electricity consumption behavior
using the Kaiser value scale (Kaiser value scale: Kaiser et al. introduced environmental
attitude as a powerful predictor of ecological behavior. They used a unified concept
of attitude and a probabilistic measurement approach to overcome the lack of the
consideration of behavior constraints beyond people’s control. They confirmed three
essential variables for consumption behavior studies: (1) environmental knowledge,
(2) environmental values, and (3) ecological behavior intention [83]);

e Evaluate how the environmental attitude derived from NEP influences electricity
consumption behavior.

Based on the studies, there is a significant relationship between the electricity con-
sumption behavior and the proposed variables (such as cultural capital, economic capital,
social capital, environmental attitude, environmental value, attitudes toward subsidies,
age, employment status, marital status, news resources, social trust, social participation,
environmental knowledge, and building interior architecture). Therefore, they can be
generalized to the statistical population. In addition, there is a statistically significant varia-
tion in energy usage behavior based on the employment and marital status. Accordingly,
full-time employed people and married people have more proper electricity consumption
behavior than other ones [48,64,82].

It is expected that the attitudes and behaviors regarding environmental concerns
affect people’s electricity consumption behaviors. Positive values and attitudes toward the
environment will lead to positive modification of energy consumption behaviors. People
will behave more effectively if they are aware of the energy value and understand correct
consumption behavior [98].

Additionally, it should be said that age can play a decisive role in behavior, lifestyle,
and consumption pattern for several reasons. For instance, people of different ages have
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different needs and abilities. In addition, their experiences of the past years would affect
their lifestyles and consumption behaviors.

One of the critical variables affecting energy consumption behavior is the knowledge
of environmental issues as one of the cultural capital elements. Knowledge is a factor that
affects people’s environmental behavior. Consumer behavior should be promoted carefully
and responsibly by increasing awareness of energy consumption-related environmental
problems and DR programs. Therefore, having more cultural capital means having a higher
cognitive ability. Moreover, education is another part of the cultural capital. Generally, as
education increases, people become more responsible about consuming electricity [23].

Home architecture is also one of the important factors affecting energy consumption
behavior. One solution for preserving limited natural resources is the sustainable design of
green buildings, which should prevent energy losses and provide energy reuse. Attitude
toward subsidy schemes is another variable that can be included in the final model. This
variable indicates that the more positive people’s attitude toward subsidies would result in
the more appropriate and efficient behaviors in electricity consumption.

Consequently, a model can be proposed to show the relationship between these factors.
This model is shown in Figure 2. The presented model is based on the existing studies
that qualitatively have examined the impacts of the cultural, social, and behavioral factors
on each other, and also on the electricity consumption behaviors [46,75,79,81]. The main
difference between the proposed model and previous models is in considering cultural and
social capitals, as well as the environmental value. In addition, some modifications are also
made when applying subsidies, accommodation details, and demographic factors.

Built-up area
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Accommodation details:

Interior architecture

Age of accommodation

Number of rooms

How to own (property of rent)
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Monthly income
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Environmental knowledg
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Figure 2. Analytical model.

In this paper, several hypotheses are considered based on the literature review and
interviews with experts. Figure 3 shows the relationship between electricity consumption
and various cultural, social, and economic factors. Ten of these factors are directly related
to electricity consumption. Moving toward the right of this figure, the significance of
these factors” impact on improving electricity consumption, compared to the previous
factors, increases. Improving electricity consumption means consuming less electricity
during peak time and/or using electricity more rationally. For example, if people follow
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electricity-related news (such as electricity prices) from more reputable news resources,
they can manage to use electricity in less expensive periods. As another instance, if people’s
employment statuses are better or go toward full-time employment, their electricity con-
sumption might be adjusted in the lower states, because they are at home for fewer hours.
Nevertheless, for example, if the influences of these three factors are compared with each
other, it could be observed that the effect of the age factor is more significant than the news
resources. Additionally, the impacts of both of these factors are much less than the impact
of the employment status on the modification of the electricity consumption behavior.
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classes

Energy Attitude S
Electricity News Sodial Age consx;c:l%‘tion Environmental | Environmental | " d: Cultural of Employmen
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——

Direct relation with
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Figure 3. Relation between electricity consumption and different factors.

The same is true for factors that are inversely related to electricity consumption.
This means that as the amount of these factors increases, the electricity consumption
status would be more inappropriate. So, by moving toward the left side of Figure 3, the
factors’ impacts on causing inappropriate electricity consumption behaviors become more
potent than the previous elements. Inappropriate electricity consumption behaviors mean
consuming more electricity during peak time and/or using electricity without considering
negative impacts.

6. Discussion, Solutions, and Outlook

In this section, the most important points of the paper are discussed first. Then,
the limitations for this work, as well as the general limitations of running DR program:s,
are discussed. In the following, solutions and roadmaps for designing DR programs are
proposed. Finally, future research directions are also briefly introduced.

6.1. Discussion

It is vital to identify the factors that influence energy consumption behaviors to make
adjustments. Considering humans’ role in the energy consumption, this paper investigated
the factors affecting electricity consumption behaviors. Moreover, non-technical needs for
DR implementation were identified.

In a smart grid context, fundamental barriers related to intrinsic human nature (cul-
tural, social, and behavioral obstacles) were introduced. Industrial and residential par-
ticipants in DR programs suffer from some of these barriers. The conceptual framework
offered by the extensive cultural, social, and behavioral classifications and analyses, ad-
dressed the core features of DR. In addition to theoretical barriers, special attention was
also given to practical aspects for implementing DR programs. This comprehensive classifi-
cation could serve as a foundation for future research and the integration of DR, making it
a noteworthy contribution to the power system research area.

The main contribution of this paper was to fill a research gap in the present literature
on DR challenges, issues, and barriers by providing cultural, social, and behavioral analyses
of the fundamental barriers of DR. In addition, an analytical model was proposed, and
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the relationships between numerous factors and electricity consumption behaviors were
also discussed.

Some limitations, barriers, and research gaps were also observed, while conducting
this research. Information barriers and lack of understanding of DR programs have
impeded DSM programs. End-user’s lack of trust and DR awareness allows a third party
to control their processes and equipment. Behavioral and informational barriers and lack
of understanding are also some of other challenges. Moreover, the lack of DR experts for
designing and implementing the appropriate programs may be a barrier within power
utilities. For example, power system planners stated that they currently do not have
enough information about DR needs in their planning models. In addition, many people
worldwide have little to no knowledge about the procedure of the electricity markets.
Indeed, on average, people are not aware of the technical issues of DR programs.

In order to be motivated to participate in DR programs, and change the habits of
people, information needs to be supplied to increase their knowledge levels. Even during a
DR event, the participation levels may be decreased, due to the lack of information on how
the system works, e.g., inadequate information or knowledge about real-time pricing, using
of the interfaces, and the contracts. The lack of awareness of grid issues and DR impacts
also reduces the likelihood of customers’ behavioral changes. Because large investments
mostly indirectly impact the customer, they might not realize that their behavior affects the
energy system.

Collecting data on what proportion of consumers continue to use DR programs is just
as crucial as analyzing the acceptance rates. There are also some concerns about continuing
to participate in DR programs once a customer’s energy consumption behavior has been
changed. Some analysts believe that customers will eventually return to their old behaviors.
Therefore, examining the continuous usage of DR technologies is a critical task.

Furthermore, the combination of small electrical loads and complex internal decision-
making procedures can hinder the adoption of DR by major commercial and public sector
companies. Moreover, the firm’s ability to participate in DR is further limited by hidden
costs of involvement and the amount of energy usage within different organizations.

6.2. Solutions

It might be difficult to assess customer awareness and knowledge of customers re-
garding DR technologies. In fact, power utilities are either not measuring or not disclosing
this information to the public. Even more challenging is determining the success of utili-
ties” DR marketing programs; since DR technology marketing is often a part of the larger
marketing effort centered on the smart grid program. Therefore, prior to implementing
DR programs and throughout its initial stages, power utilities should undertake extensive
marketing to promote their DR technologies, including public events, mailings, and a
door-to-door campaign.

Several DR stakeholders suggested establishing an appropriate mechanism for power
utilities to provide information and technical assistance to mitigate the lack of staff knowl-
edge and capability, the need for intra-organizational coordination and communication,
and the risk associated with DR availability. For example, a regional entity could be deter-
mined to establish regional information and technical forum for DR program development
and deployment.

Furthermore, with the proper communication, marketing, and program design, cus-
tomer barriers to DR involvement can be overcome. There is also a lot of information about
which clients are the most receptive to DR programs. Power system operators can reduce
customer perception barriers by accumulating and sharing insights and lessons learned
from DR pilots and research studies.

Participants should be guided into DSM programs with a great care. A robust human-
machine interface is essential to assist responsive customers to participate in DR programs.
In addition, participants should be guided and informed suitably about the system func-
tions. People will not grasp how the system works if they are not well-informed. This
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might be remedied by some activities, such as conducting meetings and describing the DR
projects to participants and delivering door-to-door information. However, such actions
are not scalable and only work if volunteers are available. For instance, residential DR
programs enter people’s private life. Thus, they need to be informed before they participate,
and the emotional experience of participation should not be overlooked.

Moreover, given the organizations’ objectives to be profitable, the dissemination of
information demonstrating the monetary value of DR could be a crucial enabler in combat-
ing the lack of power and culture inside an organization. It may not be straightforward
because companies do not always act rationally. Therefore, broad education on the benefits
of DR is necessary to overcome any cultural barriers.

The process of influencing end-user preferences (e.g., attitudes on trading convenience
for cash or allowing third-party control of devices) to enable DR is challenging. Preference
evolution is a complicated process that involves several feedback loops. As a result, there
is no easy enabler. However, actions such as changing social norms through affecting
perceptions of energy consumption or modifying laws and regulations to communicate
those changed norms may impact user values. However, the critical point is how to deal
with the inertia barrier. For example, ensuring that information is transmitted correctly can
improve inertia barriers by making sure users are fully aware of the benefits.

Finally, it may be more practicable to enable DR by overcoming trust concerns. While
trust in existing energy system actors may be limited, DR may be facilitated by partnering
with new third parties. The source of information is the most important factor in motivating
DR program usage.

6.3. Outlook

Results obtained in this paper point to numerous pathways for future research works
that will help to improve the potential of future DR programs.

Appropriate cost-benefit analysis frameworks should be developed to overcome
barriers related to the lack of the understanding of DR. The DR provider’s decision making
should be accurately represented in such a framework. It is also possible to conduct
thorough research on all prospective DR markets. Although there has been some progress
in this direction, there is still a long way to go.

The relative costs and advantages of each of DR programs are currently unknown. In
different circumstances, an analysis for each DR program will provide power utilities with
information on which programs are the most cost-effective in reducing peak demand. Thus,
future studies could be conducted to help to determine when and where DR programs
should be focused.

The environment and climate changes were introduced in this paper as the motives for
customers to participate in DR programs. As a result, power companies should consider
whether or not to add marketing on the benefits of smart grid initiatives and DR technolo-
gies. Determining the impact of marketing concerning the benefits of DR technologies for
the environment and society could be a future market research project. Moreover, devel-
oping the mathematical models and conducting quantitative studies in various cultural,
social, and behavioral fields, could be one of the future research directions.

Finally, as clarified in this paper, there are various cultural, social, and behavioral as-
pects, affecting the success level of DR that should be identified based on the characteristics
of the system under study. Such studies are completely dependent on the specifications
of the system. Indeed, people in different countries may have various habits, beliefs, and
values, and DR programs should be designed considering their behaviors, besides the
technical aspects. Therefore, different research studies should be conducted to specify the
effective factors (including different aspects, such as cultural, social, technical, economic,
etc.), determine the barriers, find the solutions, and also propose the most appropriate
ways to enable DR.
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7. Conclusions

This paper mainly examined the cultural, social, and behavioral factors affecting elec-
tricity consumption behaviors and identified the relevant requirements for implementing
DR programs. The literature research first gave a complete analysis of existing methods for
energy management and DR implementation. The paper’s major principles and theoretical
framework were then provided, which took into account three key sociological factors:
familiarizing clients with DSM programs, lifestyle theories, and the new environmental
paradigm. Then, the effects of different electricity prices on customer reactions were ex-
plored. Next, taking into account the proposed concepts, the desirability function was
presented, as well as the loss aversion concept.

The impacts of concepts such as response fatigue, gamification, and subsidies on
DR participation and success were also represented in this paper. Further, economic,
cultural, and social capitals, as well as their related components that influence energy
consumption behaviors, were discussed. In addition, the mentioned concepts were used
to drive an analytical model. The relationships between a variety of factors and power
consumption patterns were also explored. Finally, barriers for implementing DR, and the
solutions to overcome the barriers were presented, and several future research directions
were proposed, taking into account different factors, such as cultural, behavioral, social,
economic, and technical aspects.

The main finding of the paper focused on three major aspects of the societies, affecting
the success level of DR programs, and could be summarized as follows:

e  Cultural aspect: Culture is a determining factor to create long-term human behavior,
including values, beliefs, customs, and traditions. Changing sustainable behaviors
requires a culture shift. Therefore, from the cultural viewpoint, the most important
features are stability and adhesion.

e  Social aspect: One of the most significant factors for power system operators in
persuading people to participate in DR programs is building trust in the source
of information.

e Behavioral aspect: There are numerous barriers for the successful implementation
of DR programs that target energy consumption behaviors. One of the most chal-
lenging problems is to remain in DR for a long term. Incentives and penalties may
have different effects in short/long-term horizon times. However, implementing DR
programs necessitates a detailed understanding of the effects of daily living routines
and behavioral norms on energy consumption, as well as a complete understanding
of the characteristics of the target groups.
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