J Environ Stud Sci (2017) 7:30-38
DOI 10.1007/s13412-016-0396-3

@ CrossMark

Approaches to induce behavioral changes with respect

to electricity consumption

Kazutoshi Tsuda' - Michinori Uwasu? - Keishiro Hara? - Yukari Fuchigami?®

Published online: 25 April 2016
© AESS 2016

Abstract Facilitating behavioral changes is indispensable for
reducing energy demand and ultimately achieving a sustain-
able society. However, individual methods by which to induce
such behavioral changes have been considered in specific
fields and disciplines. In the present study, we carried out an
intensive review of academic journal articles and reports re-
lated to approaches, instruments, and practices of demand
control in electricity and relevant behavioral changes across
various fields and disciplines, such as engineering, economics,
policy research, and psychology. Our goal is to discuss the
effectiveness of these approaches and instruments and to dis-
cuss the relevant conditions for effective policy design to in-
duce behavioral changes in a comprehensive manner. We se-
lected and reviewed 110 papers published between 1978 and
2015 covering the practices in 17 countries that appear to be
the most relevant to our research purposes. In general, empir-
ical studies show that demand control approaches such as
dynamic pricing and information feedback either shift the
peak load or reduce electricity consumption. In addition, the
effectiveness of an instrument depends on the characteristics
of the location, the household, the industry, and the climate.
We found only a small amount of literature on the life cycle
impact on energy consumption and life cycle costs, although
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these studies are essential for better policy design for realizing
energy savings and a sustainable society.

Keywords Energy visualization - Demand response (DR) -
Feedback - Advanced metering infrastructure (AMI) -
Smart meter - Behavioral change

Introduction

Ensuring balance between energy supply and energy demand is
crucial in dealing with energy challenges. On the supply side,
efforts have been made to improve efficiency and to realize
sustainability by shifting to renewable energy sources such as
biomass-based electricity generation, utilization of waste heat,
and small hydropower, and by introducing distributed energy
sources, including co-generation systems (Bayod-Rujula 2009;
Bazmi and Zahedi 2011). Despite these attempts on the supply
side, increasing energy demand at the global level has been
overwhelming such efforts. Indeed, global energy demand is
expected to grow by 37 % by 2040, under the central scenarios,
although growth in global demand will slow from more than
2 % per year over the next two decades to 1% per year after
2025 due to both price and policy efforts, as well as structural
shifts in the global economy toward less energy-intensive in-
dustries (International Energy Agency (IEA)/Organisation for
Economic Co-Operation and Development (OECD) (2014)).
This makes effectively controlling energy demand imperative.

Meanwhile, various practices have been implemented on
the demand side. These include, but are not limited to, pricing
as an economic instrument and the application of various ad-
vanced technologies. For example, demand response balances
the supply and demand for electricity by adjusting the demand
(Capgemini 2008). A smart grid that attempts to optimize
electricity flow using computer-based remote control, and
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automation has also been tested (Zhou et al. 2010; Mah et al.
2012). Such systems have become feasible as a result of tech-
nological advancements. These systems differ from the con-
ventional system, which basically attempts to adjust the sup-
ply to meet the demand.

Indeed, a variety of theoretical and practical studies have
investigated various methods by which to facilitate con-
sumers’ behavioral changes in order to reduce energy demand
and to find the best instruments, including pricing and visual-
izations of electricity information, to effectively control de-
mand. In fact, there are review articles that summarize various
types of relevant instruments and approaches published in
various fields and academic disciplines. These include, but
are not limited to, theories on peak-load pricing in the field
of regulatory economics (Crew et al. 1995), methods to induce
environmentally friendly behaviors (Dwyer et al. 1993), inter-
ventions to promote energy savings at the household level in
the field of environmental psychology (Abrahamse et al.
2005), demand responses in electricity markets in the field of
electricity system research (Albadi and El-Saadany 2008), and
feedback systems for electricity consumption at the household
level from the viewpoint of energy efficiency (Fischer 2008).

However, to the best of our knowledge, very few studies
have attempted to summarize the approaches, instruments,
and practices related to demand control and behavioral chang-
es of consumers across all fields and disciplines in a compre-
hensive manner, despite the strong need to integrate the
knowledge in these disparate fields. The present study at-
tempts to provide just such a comprehensive review. We sur-
veyed academic journal articles and reports related to ap-
proaches, instruments, and demand control practices and rel-
evant behavioral changes across various disciplines, such as
engineering, economics, policy research, and psychology. In
the present paper, we discuss how the process of information
feedback in various forms to consumers can lead them to
change their behavior. Such a process involves economic in-
centives and consumption information as feedback.

Through this literature review, we first summarize how
crucial factors related to energy demand controls are presented
in the selected literature. We then address some essential find-
ings from the literature, such as the effectiveness of feedback,
visualization of electricity information, and price adjustment,
in inducing behavioral changes in consumers, and various

conditions that influence the effectiveness of these tools. By
doing so, we attempt to gain insight into the effective design of
relevant policies and measures to control demand in order to
achieve energy savings on the demand side.

Methods and overview of the reviewed paper

We searched the relevant literature in academic journals and
on the Internet using the keywords “energy” and
“visualization.” We then narrowed the search candidates by
looking at the references included in the literature in the first
screening and using keywords such as “feedback™ and “smart
meters.” We focused on academic journals with high citation
records. The journals we selected include Energy Policy,
Energy and Buildings, Applied Energy, The Journal of
Consumer Research, The Journal of Regulatory Economics,
Automation in Construction, Energy, The Journal of
Econometrics, The Journal of Environmental Psychology,
and The Rand Journal of Economics. Next, we reviewed
report-type literature that also appeared to be relevant to the
scope of our study. Furthermore, while taking the geographi-
cal distribution of case study areas into account, we added
papers focused on regions of Asia, because the literature on
practices in these regions was relatively scant. Through these
screenings, we ultimately selected 110 papers that appeared to
be relevant to our purposes. These papers cover various prac-
tices in 17 countries between 1978 and 2015. Tables 1 and 2
present the details of the literature organized by country and
by type of literature (names and types of journals), respective-
ly. We first summarize the manner in which crucial factors
involved in energy demand control are demonstrated in the
literature and then address some essential findings based on
our literature review.

As to presentation style, we found that tables (U.S.
Depertment of Energy 2006) and tree type figures (Albadi
and El-Saadany 2008) have been historically used to sort the
definitions and classifications of demand response measures.
Other styles of presentation include analytical frameworks in
which the relationships between measures (options), effective-
ness, and benefits to the demand side (consumers) are clarified
(Olmos et al. 2010), and the mapping of feedback options in
the fourth quadrant on two axes, immediacy (immediate/

Table 1 Details of the literature

organized by country Region

Country

America (49)
Europe (46)

Asia (15)

USA (45), Canada (4)

Europe (6), UK (17), The Netherlands (6), Sweden (4),
Finland (3), Norway (2), Germany (2), Switzerland (1),
Italy (1), Hungary (1), France (1), Denmark (1), Austria (1)

Korea (5), Japan (7), China (3)

Note: CIS (formerly the Soviet Union), the Middle East, Africa, and Oceania are not included
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Table 2 Details of the literature

organized by type of literature Type

Names of academic journals (top 10) and proceedings

Journal article (63)

Report (31)
Conference proceeding (16)

Energy Policy (11)

Energy and Buildings (7)

Applied Energy (5)

Journal of Consumer Research (5)
Journal of Regulatory Economics (3)
Automation in Construction (2)
Energy (2)

Journal of Econometrics (2)

Journal of Environmental Psychology (2)
Rand Journal of Economics (2)
ECEEE Summer Study (9)

ACEEE Summer Study (2)

International Conference on Energy Efficiency in Household
Appliances and Lighting (1)

International Conference on Computer Application and
System Modeling (1)

IEEE Transmission & Distribution Conference & Exposition (1)
Proceedings of the IEEE (1)
SCP cases in the field of Food, Mobility and Housing (1)

Note: The breakdown of report-type papers is omitted from the table

frequent or single events), and control (user-directed or other-
directed) (Darby 2001). One literature source also used sys-
temic flows of information on price signals and remote meter
management and analyzed the technical aspects of using in-
formation technologies (European Regulator’s Group for
Electricity and Gas 2007). The present paper looks into the
interface between consumers and overall information net-
works and relevant technologies.

Some of the review-type studies list essential information,
such as measures, effects, and associated literature (Abrahamse
et al. 2005; Darby 2006a; Fischer 2007), while others list in-
formation on companies that have implemented demand re-
sponses (Barbose et al. 2004). Both methods turn out to be
useful when comparing individual studies and practices from
various viewpoints. However, the practicality of such compar-
isons of multiple studies is limited because it requires a stan-
dardized presentation of fields and scales, making comprehen-
sive discussion across fields and disciplines difficult.

Several approaches and methods present designs for and
configurations of meter systems. These studies often use tree
type figures, which include information on the requirements
for design and configuration, especially from technical, phys-
ical, and communication viewpoints (Depuru et al. 2011), and
display tables that summarize design components, and the
functions necessary to incorporate them (Jain et al. 2012).
Karjalainen (2011) also illustrate the relationships between
various options for presenting feedback on household electric-
ity consumption.

@ Springer

Furthermore, various types of models have been proposed
for obtaining the relationship between the implementation of
measures and changes in consumers’ behavior. For example,
Fischer (2008) showed that feedback on electricity consump-
tion effectively explains reduced electricity consumption, cit-
ing heuristic models of relevant environmental behavior.
Other studies considered four steps to energy self-efficacy
(The Hub Research Consultants 2005), factors determining
consumer interest in energy savings (Nielsen 1993), and en-
ergy data flow (Kempton and Layne 1994). Studies in the field
of environmental psychology illustrate hypothesized factors
influencing household energy consumption (Benders et al.
20006).

Findings

In explaining how energy is conceptualized (Sheldrick and
Macgill 1988), it must be stressed that energy studies cover
a wide variety of fields. In the literature selected, we sorted
information about relevant instruments or measures, the con-
ditions that are applied, and the effectiveness of measures to
control demand and induce behavioral changes. For example,
we summarized information from the perspective of how and
to what extent such measures as visualization and price ad-
justments could be effective in controlling demand and spur-
ring consumers’ behavioral changes under certain conditions.
Figure 1 illustrates how the process of information feedback in
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Fig. 1 The process of
information feedback

* Household income
» Consciousness
* Equipment

Individual attributes

Conditions

* Industry or residential
» Energy supply market condition
* Climate

Measures

Behavioral
changes

* Price-based options

* Feedback types

* Goal setting and baseline

various forms to consumers can lead them to changes in their
behavior. Specifically, the process involves economic incen-
tives and consumption information as feedback. Moreover,
the figure shows some factors that determine the degree to
which feedback influences consumers’ behavior.

In the following, we explain the most important findings
from our literature review based on Fig. 1. The first group of
literature deals with economic incentives. Consumers gener-
ally respond well to energy price changes, which are therefore
effective in controlling demand. Higher prices generally re-
duce energy consumption (Caves et al. 1984; Chao and
Wilson 1987; Borenstein 2002; Taylor et al. 2005; Herter
et al. 2007; Summit Blue Consulting 2007; Reiss and White
2008; Faruqui and Sergici 2009). Hence, price mechanisms,
including dynamic pricing, real-time pricing (Aubin et al.
1995), time-of-use (TOU) pricing (Faruqui and Malko
1983), and peak-load pricing (Chao 1983; Matsukawa
2001), can reduce or shift energy consumption during peak
times (Hausman and Trimble 1984; Borenstein et al. 2002;
Borenstein 2005; Faruqui et al. 2005, 2009; Rocky
Mountain Institute 2006; Herter et al. 2007; Hydro One
Networks Inc 2008). For example, Herter et al. (2007) exam-
ined individual households’ consumption data and showed
that introducing peak-load pricing to the residential sector
reduced electricity consumption by 13 % in California.
Faruqui and Sergici (2009) also reported that dynamic pricing
reduced electricity consumption in California. Likewise, in the
industrial sector, Taylor et al. (2005) found that the price-
based elasticity of energy demand is larger during peak-
demand times than during off-peak times, confirming the ef-
fectiveness of pricing approaches.

Secondly, technological advancement facilitates the intro-
duction of demand control systems, such as smart meters and
computerized interactive tools (Abrahamse et al. 2005;
Wilhite et al. 1999), through increased availability and re-
duced implementation costs. Indeed, applying information
technology facilitates the reduction of energy demand
(Goldman et al. 1997; Matsukawa 2004; Ueno et al. 2006a).
One example is the advanced metering infrastructure (AMI),
which includes automatic electric meter reading using

* Electrical load shifting
* Reduction in energy use
+ Shift to own generation

communication equipment called smart meters and real-time
visualization of information on the amount of electricity being
used and prices associated with that use (Barbose et al. 2004;
Owen and Ward 2006). Optimizing the electricity supply by
connecting to home appliances over networks is also being
tested (Farhangi 2010; Giingor et al. 2011). Additional tech-
nologies have been developed that allow consumers to control
home appliances remotely when they are not present (Han
et al. 2011). Smart meters have been introduced in numerous
countries and regions, including the USA and EU countries
(Office of Gas and Electricity Markets (OFGEM) 2006; Owen
and Ward 2006; European Regulator’s Group for Electricity
and Gas 2007; Owen and Ward 2007; U.S. Demand Response
Corrdinating Committee 2008; European Regulator’s Group
for Electricity and Gas 2009; Faruqui et al. 2009; Depuru et al.
2011). In the USA, where electrical power production is sep-
arate from power distribution and transmission, electric power
companies are attempting to introduce demand responses that
balance the purchase price with demand under the assumption
that wholesale prices will change when electric power com-
panies purchase electricity from power generation companies
and sell to consumers (demand side) (U.S. Depertment of
Energy 2006; Federal Energy Regulatory Commission 2008;
U.S. Demand Response Coordinating Committee 2008).
Countries in Asia, such as China and Korea, have also been
seeking to introduce smart meters and smart grids. In Korea,
such a possibility is being discussed at different levels of im-
plementation, including in-house displays in homes, in rela-
tively large buildings, and in large-scale urban design (Choi
etal. 2009; Ah etal. 2012; Yeo etal. 2013; Ryu etal. 2014). In
China, studies and practices are advancing toward the intro-
duction of home energy management systems (HEMS), ulti-
mately reducing energy consumption within cities (Feng et al.
2013; Zhang et al. 2013). In Japan, where conventional elec-
trical power production is not separate from power distribu-
tion and transmission, the liberalization of retail electricity
sales will be launched in April 2016 (Agency of Natural
Resources and Energy of Japan 2014). In line with this move-
ment, electric power companies are already testing smart me-
ters, predicting that the introduction of distributed renewable
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energy will grow in coming years. In fact, the adjustment of
supply-demand balance is imperative in the distributed energy
system. Smart meters are expected to play an important role in
grasping such information on a real-time basis and in helping
to adjust the supply-demand balance. One study notes the
significance of standardization of technology for widespread
technology dissemination (European Regulator’s Group for
Electricity and Gas 2009).

Thirdly, feedback-type mechanisms, another approach to
demand control, provide explicit information on energy con-
sumption and energy bills (Dobson and Griffin 1992; Wilhite
and Ling 1995; Iyer et al. 1998; Wilhite et al. 1999; Roberts
and Baker 2003; Roberts 2004; Ueno et al. 2006b). The key
aspects of this approach are visualization (how to provide
information) and frequency (how often information is deliv-
ered to consumers) (Winett et al. 1979; Arvola et al. 1993;
Brandon and Lewis 1999; Darby 1999; Benders et al. 2006;
Iyer et al. 2006; Ueno et al. 2006a; European Regulator’s
Group for Electricity and Gas 2007; Fischer 2007; Owen
and Ward 2007). A key condition is that it is important for
consumers to understand their current consumption status
(Sheldrick and Macgill 1988; Wilhite and Ling 1995;
Haakana et al. 1997; Egan 1999; Bonino et al. 2012). For
example, providing a baseline level of consumption as a ref-
erence is effective. The frequency of providing information
also matters: the more frequently the information is provided,
the better the consumers respond (showing energy savings)
(Seligman et al. 1978; van Houwelingen and van Raaij
1989; Nexus Energy and Opinion Dynamics Corporation
2005; Mountain 2006; Alahmad et al. 2012). Van
Houwelingen reported that providing consumption informa-
tion on a daily basis resulted in a 12 % gas consumption
reduction, as compared to monthly feedback (van
Houwelingen and van Raaij 1989), illustrating the effects of
providing frequent information. Basically, energy conserva-
tion awareness can be better maintained if consumers are ex-
posed to relevant information. Finally, the visualization of
energy consumption alone, which communicates energy con-
sumption levels on a regular base, may not affect energy con-
sumption (Hausman and Trimble 1984) or may have a limited
impact. However, the visualization of energy consumption
alone can reinforce energy consumption reduction (Hydro
One Networks Inc 2008).

Meanwhile, individual attributes such as consumption pat-
terns (Kasulis et al. 1981), income, and environmental con-
sciousness determine consumers’ degree of response to price
changes (Filippini 1995), particularly in the residential sector.
For example, with regard to lifestyles and consumers’ behav-
ioral patterns (demand side), one study analyzed the relation-
ship between behavioral patterns at home and electricity con-
sumption (Ellegard and Palm 2011), while other studies
discussed electricity consumption by devices and home appli-
ances (Mansouri and Newborough 1999; Wood and
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Newborough 2003; Bonino et al. 2012; Krishnamurti et al.
2013). Generally, high-income households and households
who have air-conditioning equipment or a water-heating sys-
tem (i.e., households whose energy consumption is relatively
high) tend to reduce their energy consumption more for a
given level of energy price increase (Ham et al. 1997,
Matsukawa 2004; Herter et al. 2007; Herter 2007). The busi-
ness sector generally responds better to price increases, either
shifting demand or reducing consumption (Borenstein et al.
2002). These observations suggest that shifting energy con-
sumption times may bring larger benefits for consumers with
high consumption levels.

However, whether these mechanisms reduce the total ener-
gy demand depends on the pricing patterns during non-peak-
demand times and under other conditions (Sexton et al. 1987).
The most relevant studies did not examine the total demand
reduction, although some studies reported a slight decrease in
total energy demand. For example, Owen and Ward (2007)
examined the case of the UK and found that introducing smart
meters led to an electricity consumption reduction in the UK.
As of yet, no studies have revealed the long-term impacts of
pricing approaches.

Attempts such as the use of graphical representations and
the comparison of an individual consumer’s consumption lev-
el with the average consumption level are also important in
encouraging consumers to exhibit more energy-saving behav-
ior (Lord et al. 1996; Sods and Urge-Vorsatz 2003; Primen
2004; Quesnelle 2004; Owen and Ward 2010; Karjalainen
2011; Jain et al. 2012; Krishnamurti et al. 2013). Graphical
presentations facilitate consumers’ perception of their current
energy consumption (Jain et al. 2012), whereas more detailed
information on energy consumption allows the consumer to
understand how to save energy (Karjalainen 2011;
Krishnamurti et al. 2013). These approaches have become
more available at the household level, and their effects have
also been confirmed (Lord et al. 1996; Sods and Urge—Vorsatz
2003; Primen 2004; Quesnelle 2004; Reusswig et al. 2007;
Owen and Ward 2010). Finally, regarding feedback-type
mechanisms, we note that another approach to demand control
is the introduction of goal setting (with a penalty when violat-
ed) and consulting (van Houwelingen and van Raaij 1989;
McCalley and Midden 2002). The effects of these mecha-
nisms appear to depend on the context. Goal setting, for ex-
ample, can increase environmental consciousness (Winett and
Kagel 1984; Bonino et al. 2012). Therefore, together with
other demand control mechanisms, goal setting can bring
about additional energy saving behavior.

The review revealed that it is significant for consumers to
understand how they can effectively reduce energy consump-
tion. Providing information or consulting services for energy
consumption by individual pieces of equipment can possibly
create a substantial reduction in energy demand (Fischer
2008). Individual attributes again determine the extent to
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which these mechanisms lead to energy savings. Specifically,
the enhancement of energy saving consciousness is important
in driving low-income households to change their behavior
through these mechanisms (Dwyer et al. 1993; Henryson
2000; Darby 2006b; Vassileva et al. 2013; Vassileva and
Campillo 2014). Likewise, it is important to understand the
characteristics of the market into which demand control mech-
anisms are to be introduced (Kempton and Layne 1994,
Faruqui and George 2002). Geography, climate, income, edu-
cation, and community characteristics are factors to be con-
sidered (New Perspectives and NFO Utilities 2003; Uwasu
etal. 2014). As mentioned earlier, few studies have examined
the long-term energy-saving effects of these feedback mecha-
nisms. However, these studies imply that the visualization of
energy consumption patterns increases consumer knowledge
of energy consumption behavior (Hutton et al. 1986; Darby
2001, 2006a; Lynham et al. 2016). In other words, increasing
consumer knowledge has the potential to change consumer
behavior (Lynham et al. 2016).

Discussion

Our literature review provides structure to the results of indi-
vidual studies. When consumers/customers are elastic with
respect to energy prices, dynamic pricing is effective for
shifting demand times or reducing energy demand.
Individual attributes such as income and possession of
energy-consuming equipment determine the degree of re-
sponse to price changes and direct energy consumption be-
havior. For example, better educated people are more environ-
mentally conscious, and thus non-economic measures such as
information feedback alone can work for demand control.
However, indirect measures, such as campaigns and goal set-
ting, may enhance peoples’ awareness of energy savings, pos-
itively affecting the impact of demand-control measures.
Hence, these observations imply that policy-makers need to
at least understand consumers’ attributes so that they can
choose proper demand-control measures by combining differ-
ent measures when necessary (Hara et al. 2015) and might
better consider the consequences of new policies. In what
follows, we analyze the literature in order to derive further
insight into policy design for energy demand control.

We first discuss the impact of demand control on con-
sumers. Literature on demand control exclusively examines
the mechanism of energy consumption, focusing on energy-
consumption reduction. As these analyses are based on eco-
nomic models that assume the achieved consumption level is
Pareto efficient, the analyses are not immediately able to judge
whether a consumer’s utility level has been improved.
However, literature on consumer satisfaction and technologi-
cal aspects suggests that dynamic pricing and appropriate en-
ergy consumption can increase customer satisfaction and

increase prudent energy use by eliminating wasteful energy
consumption (Green 2008). At the same time, the negative
impact of demand control can be larger for low-income house-
holds and small enterprises because energy bills tend to ac-
count for a larger share of low-income households’ and small
enterprises’ expenditures. However, empirical studies on in-
come distribution are scant.

Life cycle impacts and fiscal aspects should also be inves-
tigated (Keirstead 2005). Indeed, the life cycle or economy-
wide impacts of demand control are also significant in the
context of policy design, but few empirical analyses have been
conducted (Van Dam et al. 2013). Specifically, the concept of
rebounding energy demand, arguing that energy savings of
one type can result in increased energy consumption of anoth-
er type, has been reported in the economics literature
(Berkhout et al. 2000). One approach to demand control re-
quires additional energy consumption or triggers different en-
ergy consumption. For example, substitutability between en-
ergy sources, such as in switching from air conditioners to
heaters, which decreases electricity consumption but increases
oil consumption. This type of rebound can occur when the
target energy type is highly substitutable with other energy
sources. Another example is the production of new equipment
for introducing demand-control measures. Computational
general equilibrium (CGE) models, in which interlinkages
between production sectors and households are simultaneous-
ly taken into account, are an effective approach to examining
rebound effects. CGE models have been used to examine the
impact of environmental taxes on the overall economy (e.g.,
Turner 2009). However, to the best of our knowledge, no
studies with CGE models have addressed the current practices
of demand control.

Conclusions

In the present paper, we presented a comprehensive review of
academic journal articles and reports related to the ap-
proaches, instruments, and practices used to control demand
and spur relevant behavioral changes across various fields and
disciplines. Our literature review examined various ap-
proaches by which to induce behavioral changes in consumers
and revealed that interdisciplinary discussion is indispensable.

We demonstrated the importance of integrating research in
various fields. For example, economic research focuses on the
role of price in controlling demand, whereas research in the
fields of engineering and social sciences, such as psychology,
has revealed the significance of how and to what extent infor-
mation feedback affects consumers’ behavior. Thus, integrat-
ing such knowledge across fields and disciplines will lead to
more effective energy-demand control.

Specifically, we found that individual approaches, includ-
ing demand control through price changes, generally reduce
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or shift energy consumption during a particular time period.
The introduction of information or visualization technologies
and goal setting facilitates further reductions in energy con-
sumption. Whether these approaches are effective in reducing
energy consumption depends on the attributes of the consum-
er, market characteristics, and geographical conditions. Some
research areas remain to be investigated.

AMI advanced metering infrastructure, CGE computational
general equilibrium, DR demand response, EU European
Union, HEMS home energy management system, 70U time-
of-use
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