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Abstract

In this review paper, a number of research studies and technical methods
have been reviewed. Recently published papers related to the Building
Energy Efficiency (BEE) have been cited in order to give readers
information about latest applied approaches and technologies
implemented to real scenarios for different types of buildings under
different conditions. In this paper, reviewed papers that consider BEE
and energy-use are selected. For example, approaches that achieve high
rate(s) of building energy efficiency and energy-use performance have
been cited. However, methods applied to measure building energy
efficiency and predict energy-use behavior for energy demand
measurement purposes have been considered and reviewed. This paper
aims to collect a number of papers whose their aims are to propose
systems affecting the building energy efficiency and energy-use
performance either in a direct or indirect way, thus retrofit systems
significantly affect building energy efficiency therefore retrofit related
papers have been reviewed. Also, light control systems related papers
have been considered. On the other hand, solutions proposed by several
studies e.g., adaptive lights and smart buildings used for smart services
e.g., notifying occupants in regard to energy-use have been covered in
this review. Collected papers have been retrieved from top-tier publishers
e.g., IEEE, Elsevier, PLOS, MDPI, and Emerald.

Keywords: Building Energy Efficiency; Energy-Use; Light Control
Systems; Retrofitting Systems and Smart Buildings

1. Introduction

treat such issues and challenges. For example, a number

Recently, there have been many research studies
proposed in order to achieve a high level of Building
Energy Efficiency (BEE). Also, a number of systems
have been designed and implemented to real scenarios of
different types of buildings in order to create an energy
efficient environment in buildings. The building energy
efficiency plays an important role in in Energy
Informatics and affects the energy-use performance as
well as occupants’ comfort. In addition, there are a lot of
issues and considerations being affected by the way the
BEE behaves. For example, energy demand, Carbon
dioxide (CO,) emission, and global warming issue.
Several research studies have been proposed in order to
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of research studies have mentioned buildings emit a huge
amount of CO, and consume about 30% to 40% of energy
consumptions [1-7]. This is just one of the big hazards
that an inefficient energy building or a system might
cause.

Many reviewed papers have attempted to enhance
BEE using different techniques [8, 9]. Some of these
techniques have focused on energy-use prediction by
utilizing the building energy efficiency measurement
[10]. A number of reviewed techniques attempting to
design light efficient systems with regard to building
interior design are reviewed [11]. Different types of
lighting systems’ designs that aim to achieve high level(s)
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of energy savings are reviewed in [12]. Some proposed
techniques have achieved a good level of building energy
efficiency and some others need further improvement.
For example, one of the big issues most of retrofit
approaches face is the cost and time. Therefore, the
building energy efficiency is getting enhanced under
certain conditions and limitations.

This paper has reviewed various papers that propose
systems and approaches related to building energy
efficiency. As discussed earlier, there are a number of
limitations and issues to which those proposed
approaches have been continuously and efficiently
attempting to solve. This paper has also reviewed and
discussed many related approaches. In this review paper,
there have been four issues considered, which are: papers
related to building energy efficiency measurement and
predictability, energy-use related papers, light control
systems, and buildings retrofit in terms of interior design.
All these four considerations have been taken while
papers are collected and cited by this review paper. Other
conditions and criteria are in detail explained later in
Proposed Method section. This paper highlights recently
published approaches implemented and applied to real
scenarios. However, some papers which have proposed a
simulation and modelling based techniques and
approaches have been considered and reviewed in this
review paper. The most focus amongst reviewed and
cited papers is the building energy efficiency and energy
use performance issues.

The organization of this review paper is briefly
introduced. The proposed strategy of papers’ collection
process is presented in Section 2. Literature review is
provided in Section 3. Past studies in term of
methodology are reviewed in Section 4 while the
Framework is discussed in Section 5 Past studies’ results
are reported in Section 6. Discussion is given in Section
7. A Recommendation on techniques used to enhance the
building energy efficiency measurement summarized in
Section 8. Finally, Conclusion is drawn in Section 9.

2. Strategy of Reviewed Papers’ Collection

This paper has applied several criteria in order to extract a
number of reviewed articles. One of these criteria is the
age of the papers. The paper age has been set to five
years. Some related papers have been considered with an
age of 15 years in order to give a related discussion. Also,
several additional issues [13] were considered in this
paper. One of these is the keyword(s) selection. In this
review paper, keywords are classified into four main
classes which are: “building energy efficiency”, “energy-
use”, “retrofitting methods”, and “smart methods for
building energy efficiency”. This part has been enhanced
compared to [14].

3. Literature Review

This literature review is designed based on the variety
term that most proposed and reviewed papers include.
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Several designed and proposed approaches and
techniques related to the energy efficiency and the
energy-use have been reviewed. If their performance(s)
can be an optimal or semi-optimal level for energy saving
will be considered. Also, many limitations and
disadvantages were mentioned.

3.1 Challenges Faced by Current Research Studies

In [3, 15], the research study discussed the energy
consumption in China. The paper [15] has proposed a
measurement method and calculation has reported that
20% of energy-use is consumed within residential
buildings. As discussed, two reasons can cause such a
huge amount of energy-use. The first reason is the way
the thermal isolation is designed as. The second one is the
heating system in which its efficiency is low [15].

Additionally, a similar scenario in UK has been
reported in a paper [16] that discusses the issue of carbon
dioxide emissions. It is 19% of energy consumption. It is
mentioned that the energy use is affected by profiles of
activities of occupants inside buildings.

Another example dedicated for commercial buildings
and offices has mentioned that energy-use can be affected
by internal design specifically in regard to the HVAC [7,
17, 18].

3.2 Energy use Reduction

There are many researches focused on the issue of energy
use reduction for different of buildings. As for example,
the paper reviewed in [19] has suggested that to reduce
the energy consumption, it is advisable to efficiently
consider the lighting designs and systems.  Another
proposed study [20] has suggested that a good and
efficient decision can contribute much in energy savings
for different types of buildings using several techniques.

3.3 Building Energy Efficiency (BEE)

The building energy efficiency has been considered by
many research studies aiming to achieve good energy
savings levels and performances. In [21], a method has
been proposed to enhance building energy efficiency. It
has used sensors for monitoring and performing control
functions inside rooms and interior space(s) of the
building. The energy efficiency has been then measured.
In [22], there are two conditions have been addressed to
find out relations between buildings and high energy-use.
This study has only focused on a building with a fully-
glass area and a 40 % glass windows. This design would
enhance and contribute to energy consumption in
buildings. In some different methods, in [23], for
example, it is mentioned that occupant behaviors can be a
key factor in enhancing energy use much.

4. Methodology

This paper concerns building energy efficiency and
energy use whereas research studies are addressed.
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4.1 BEE Measurement related Research Studies

Here, those papers which aim to deal with the issue of
BEE are taken in this review paper. An example is
presented in [23]. The designed method contains three
sub-sequential steps: the first one is pre-processing, the
second one is data collection, and the third one is
normalization, clustering, classification, and building
energy efficiency calculation.

4.2 Prediction based Methods for Energy use

An interesting article discussed in detail in [23] has
concerned profiles of occupants where the related data
has been collected during different times.

A research study discussed in [16] proposed a
measurement method for the energy use. Firstly, data
collection procedure has been applied utilizing activities
of occupants. Then, the energy consumption, table data,
has been created. Secondly, the averaged rate of the
energy use for each day has been then calculated. This
has been followed by an analysis procedure. The
minimum value of energy use has been extracted. The
ranged amount between 25 kWh and 35 kwh for working
hours has been appointed. External conditions, e.g.,
changing in temperature has affected the internal
performance of the energy use, as reported in the results
of that paper.

4.3 Proposed Designs for Internal Environment of
Commercial Buildings

There have been several types of designs proposed to
enhance the performance of energy use for buildings from
the design of internal environment perspectives. Some
related papers are discussed. For example, in [19], it is
designed for lighting systems purposes. A light-controlled
design to measure the luminance of internal areas of
spaces inside the building. The aim is to measure how
much the light will be needed in order to come up with
the optimal occupants satisfactory. The energy use also
will be measured and should be as low as can. There have
been many conditions and parameters considered during
design and have been evaluated e.g., corridor areas, free
spaces, small rooms, and walls to attempt achieve higher
energy savings and the highest building energy
efficiency.

There is also another paper presented in [20] that
concerned the occupant’s activities. Related features have
been exploited. The aim of the paper is to have the energy
use reduced compared to other competitive research
works. The first step is to collect relative data from
profiles of occupant. Also, the behaviors of occupants
have been taken into an account. The proposed method
aims to come up with a number of multi criteria-based
optimization solution(s). It is then concluded that the
resources of buildings being used can be evaluated to see
either the energy use performance have been enhanced or
it is needed for a further making decision strategy to be
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applied to the proposed system. There is another
objective of this paper, that is to investigate either the
governance sector can get benefits from such decision
making solutions and strategies in regard to the building
energy efficiency or not. The proposed design consists of
two main parts, the first one is the decision design while
the second one is the decision making. Each part consists
of several steps. There have been retrofitting procedures
that have been applied to the selected buildings in order
to measure the energy use. Meaning, the energy use
sometimes is reduced much with the help of retrofitting
strategies. A list of examples of retrofitting measures can
be found in [24].

5. Framework

This review paper is determined by some limitations and
thus some discussed advantages and disadvantages of
reviewed papers are discussed accordingly. In this sub-
section, a brief overview on generalized scope that most
papers follow in the field of building energy efficiency is
provided. Then, this is followed by some discussion about
their limitations. Finally, advantages and disadvantages of
several papers will be discussed based on limitations
mentioned.

5.1 Scope and Limitations

Most of papers have focused on using a simple
mathematical procedure to measure the building energy
efficiency whereas some others have considered the issue
of energy predictability. On the other hand, some research
studies have implemented practical designs for buildings
to replace their current interior designs or most of interior
designs parts in order to reduce the energy-use.

5.2 Interior Design Analysis

One of the effective techniques attempting to introduce
enhanced portfolios for interior designs dedicated for
connected buildings has been reviewed in [20]. It has
produced somehow effective portfolios and solutions for
semi-optimal decision making retrofit designs for a
number of buildings. However, it is considered cost and
requires an additional change for some building’s interior
design materials and parts in order to achieve an
adequately integrated building technology. Despite some
other methods e.g., [3] has considered using the existing
interior design of building to reduce the energy-use, its
results have been positively reported to produce efficient
solutions in terms of energy saving and energy efficiency
performance enhancement.

6. Results Reported in Previous Research Studies

Selected techniques have achieved higher rate than other
competitive research studies in terms of energy savings
and building energy efficiency. There are however many
challenges and difficulties that many methods have
concerned and addressed to overcome them. So, there
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will be an analysis discussion and related results of such
research studies are reviewed and discussed here.
Additionally, limitations of those methods that might
affect the performance of energy use will be briefly
mentioned.

6.1 BEE Measurement

The building energy efficiency issue has been discussed
in many studies and related results have been reported.
One retrofitting related study has been reviewed in [21].
It has concluded that the retrofitting technique of sensors
in old buildings costs a lot. Compared to recent buildings,
it is simpler and easier and therefore it reduces the energy
use. Further challenges that may occur can be the internet
connection [23]. Such an issue may increase the response
time for energy reads associated with, for example, smart
meter data. Also, random spikes at different times might
be happening causing wrong obtained results and reads.

The energy use caused by lighting systems has been
addressed by many research studies [25, 26]. Some
papers have taken into account the occupant’s
preferences-based light’s conditions to monitor the
energy use however neural networks [27] have been
considered by many others. In some cases, logic systems
effects on illuminance [28, 29] have been studied. In [16],
it is concluded that users’ activities could obviously allow
for an extra rate of the energy use. Thus, it is advisable
that automatic derived controlling systems will be a good
retrofitting technique to increase the building energy
efficiency and reduce the energy use for a different
variety of buildings. In case of large-scale buildings, this
solution will be useful and can contribute much to energy
savings utilizing retrofitting strategies.

6.2 Energy use

Many techniques have been exploited by a number of
research studies related to the energy use. There are
several criteria considered e.g., building energy
consumption, building construction cost, and CO2
emission in order to design an effectively cost tool to help
make a decision by which the building energy-use is
getting reduced. For example, the authors in [30, 31] have
considered a number of measurements based on the three
criteria mentioned earlier in order to make a decision
related to factors that mainly and effectively reduce the
energy use. Other research studies e.g., [32-34], have
proposed multi criteria-based decision-making tools in
which certain measures have been considered. These
researches have supported decisions to effectively design
a system that addresses the energy use and building
energy efficiency whereas some important considerations
have been taken into account for example; environmental
influence vs. renovation cost [35, 36], building interior
design characters vs. sustainable energy savings [34], and
which building(s) to choose for upgrading vs. how to
establish an optimal portfolio of energy efficiency for
connected buildings [37, 38]. All the considerations
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mentioned above have been addressed by several
attempts with a limited and poor performance of results
due to a number of drawbacks.

7. Discussion
7.1 Light control system design related studies

Many reviewed papers in literature have been found
focusing on designing light control systems in order for
energy use being reduced so that the building energy
efficiency can be better for an optimal measurement
performance and predictability. Obtained results from a
number of recently discussed papers have confirmed that
such a good design of light control system can
significantly reduce the energy-use as reported in [19].
Another example is the light system proposed in [28, 39]
which produces a very low energy-use for a room lighting
system. Despite it is suitable for a single room, it could be
efficiently re-used for a single building and/ or connected
buildings since its results have confirmed the design
comes with a low cost. Therefore, such a lighting system
design is acceptable for building being constructed or
small building inside commercial offices, complexes
and/or factories.

7.2 10T related studies

The Internet of Things (IoT) can be exploited by many
energy efficiency systems to get benefits from such
features. loT-based functions can be extensively
performed and done within a wide range of applications
used by smart appliances [40].

In [41], it is suggested using an interactively 10T-
based system with occupants in a real time scenario to
measure the building energy efficiency. In this work, one
of the smart home appliances has been selected to be the
tested platform. This appliance (refrigerator) has been
selected due to it consumes a part of building's energy. A
smart plug in and data availability are the most challenges
of this work. However, the findings have reported that
occupants, i.e., they are defined as an 10T-based system’s
users, are interactive to share data with energy monitoring
sector to measure the building energy efficiency and save
more energy from being unnecessarily used. The term
“smart services in building energy efficiency” has been
studied recently by few numbers of concerning firms.
This term has been slightly applied in small buildings to
do smart services using loT [42].

8. Recommendation

It is recommended that such light control system designs,
for example, are of intelligence to automatically on/off
room’s switches to fast alter between two cases of
working and nonworking od energy-use mentioned in
[23]. This technique could be exploited by smart home
and buildings. In [28], it has been shown how efficient
and effective automatic switch of room’s light could
contribute to save energy and reduce the building energy
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for an optimal efficiency performance. Therefore, such
smart systems could be implemented using loT technique
to send reports to energy sector distributor and suppliers.
By using an IoT tool, such a building could be recognized
for a low energy-use level. This technique can be applied
for connected buildings and it could help predict the
energy-use as well while data is sent easily and frequently
with no human intervention. By using smart techniques,
they can utilize loT in order to produce enhanced
building energy efficiency related tools to save much the

One research step
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energy-use from being unnecessarily used at several
times. In this case, related sensors, however, will be
required to be installed outside buildings to measure
weather changes such as sunny days, cloudy days... etc.
As concluded, a summary of methods applied on general
problems and gaps found in research as well as
advantages and disadvantages of suitability to apply
proposed methods for certain cases is illustrated in Figure
1.

Different kinds of research studies (multiple paths) for different purposes of energy informatics

BEE related
proposed
methods

Problem &
Research Gap

f light control
system

energy use
reduction

Wethod Applied

Recommended

Mot. Rec

. BEE
tn)l measurement
M
ituses

One path of a single research study

Differentresearch steps- 1 aim, 1 method

Problem L being
addressed

Figure 1: BEE Proposed Methods Suitability — A Recommended View

9. Conclusion

In this review, many research studies that concern the
building energy efficiency have been reviewed. In this
review paper, the papers that have been recently
published within last five years have been cited.
However, there are some related papers have been cited
within about fifteen years of publishing date. Main
keywords have been set to: “energy-use predictability”,
“light control systems”, “retrofit the interior design”,
“occupants’ profiles”, and “smart techniques”.

Acknowledgements

This research study is funded by UNIIG 2018 with no.
(J510050806).

References

[1] D. Casado-Mansilla et al., "A Human-Centric &
Context-Aware loT Framework for Enhancing
Energy Efficiency in Buildings of Public Use,"
IEEE Access, vol. 6, pp. 31444-31456, 2018,
doi: 10.1109/ACCESS.2018.2837141.

[2] M. A. Hannan et al., "A Review of Internet of
Energy Based Building Energy Management
Systems: Issues and Recommendations,” IEEE
Access, pp. 1-1, 2018, doi:
10.1109/ACCESS.2018.2852811.

Published by: The Mattingley Publishing Co., Inc.

[3] W. Wei and L.-Y. He, "China Building Energy
Consumption: Definitions and Measures from an
Operational Perspective," Energies, vol. 10, no.
5, 2017, doi: 10.3390/en10050582.

[4] M. Li, J. Shi, J. Guo, J. Cao, J. Niu, and M.
Xiong, "Climate Impacts on Extreme Energy
Consumption of Different Types of Buildings,"
PLOS ONE, vol. 10, no. 4, p. e0124413, 2015,
doi: 10.1371/journal.pone.0124413.

[5] J. Pan, R. Jain, and S. Paul, "A Survey of Energy
Efficiency in Buildings and Microgrids using
Networking Technologies," IEEE
Communications Surveys & Tutorials, vol. 16,
no. 3, pp. 1709-1731, 2014, doi:
10.1109/SURV.2014.060914.00089.

[6] D. A. Asimakopoulos et al., "Modelling the
energy demand projection of the building sector
in Greece in the 21st century,” Energy and
Buildings, vol. 49, pp. 488-498, 2012, doi:
https://doi.org/10.1016/j.enbuild.2012.02.043.

[7] L. Pérez-Lombard, J. Ortiz, and C. Pout, "A
review on buildings energy consumption
information," Energy and Buildings, vol. 40, no.
3, pp. 394-398, 2008, doi:
https://doi.org/10.1016/j.enbuild.2007.03.007.

[8] D. Rim, S. Schiavon, and W. W. Nazaroff,
"Energy and Cost Associated with Ventilating

5766


https://doi.org/10.1016/j.enbuild.2012.02.043
https://doi.org/10.1016/j.enbuild.2007.03.007

TES'T

Engineering & Management

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Office Buildings in a Tropical Climate,"” PLOS
ONE, vol. 10, no. 3, p. e0122310, 2015, doi:
10.1371/journal.pone.0122310.

J. Roth and R. Rajagopal, "Benchmarking
building energy efficiency using quantile
regression,” Energy, vol. 152, pp. 866-876,
2018, doi:
https://doi.org/10.1016/j.energy.2018.02.108.

C. Fan, Y. Sun, K. Shan, F. Xiao, and J. Wang,
"Discovering gradual patterns in building
operations for improving building energy
efficiency," Applied Energy, vol. 224, pp. 116-
123, 2018, doi:
https://doi.org/10.1016/j.apenergy.2018.04.118.
M. Krarti, "Chapter 2 - Advanced Building
Energy Efficiency Systems,” in Optimal Design
and Retrofit of Energy Efficient Buildings,
Communities, and Urban Centers, M. Krarti Ed.:
Butterworth-Heinemann, 2018, pp. 45-115.

A. M. Al-Ghaili, H. Kasim, M. Othman, B. N.
Jorgensen, and Z. Hassan, "A Review on
Building Energy Savings Strategies and Systems
(BE3S)," in 2019 IEEE 2nd International
Conference on Power and Energy Applications
(ICPEA), 2019, pp. 243-249, doi:
10.1109/1CPEA.2019.8818543.

A. M. Drucker, P. Fleming, and A.-W. Chan,
"Research Techniques Made Simple: Assessing
Risk of Bias in Systematic Reviews," Journal of
Investigative Dermatology, vol. 136, no. 11, pp.
€109-e114, 2016/11/01/ 2016, doi:
https://doi.org/10.1016/j.jid.2016.08.021.

A. M. Al-Ghaili, H. Kasim, M. Othman, and Z.
Hassan, "A Review on Building Energy
Efficiency Techniques," International Journal of
Engineering & Technology, -use; building
energy efficiency; occupant behavior-based
energy-use prediction vol. 7, no. 4.35, pp. 35-40,
2018, doi: 10.14419/ijet.v7i4.35.22318.

W. G. Cai, Y. Wu, Y. Zhong, and H. Ren,
"China building energy consumption: Situation,
challenges and corresponding measures," Energy
Policy, vol. 37, no. 6, pp. 2054-2059, 2009, doi:
https://doi.org/10.1016/j.enpol.2008.11.037.

M. S. Gul and S. Patidar, "Understanding the
energy consumption and occupancy of a multi-
purpose academic building,” Energy and
Buildings, vol. 87, pp. 155-165, 2015, doi:
https://doi.org/10.1016/j.enbuild.2014.11.027.
C. P. Au-Yong, A. S. Ali, and F. Ahmad,
"Improving occupants' satisfaction with effective
maintenance management of HVAC system in
office buildings," Automation in Construction,
vol. 43, pp. 31-37, 2014, doi:
https://doi.org/10.1016/j.autcon.2014.03.013.
W. Shaomin, N. Keith, W. Michael, and H.
Matthew, "Research opportunities in
maintenance of office building services

Published by: The Mattingley Publishing Co., Inc.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

November-December 2019
ISSN: 0193-4120 Page No. 5762 - 5768

systems,” Journal of Quality in Maintenance
Engineering, vol. 16, no. 1, pp. 23-33, 2010, doi:
10.1108/13552511011030309.

J. Byun and T. Shin, "Design and
Implementation of an Energy-Saving Lighting
Control System Considering User Satisfaction,"
IEEE Transactions on Consumer Electronics,
vol. 64, no. 1, pp. 61-68, 2018, doi:
10.1109/TCE.2018.2812061.

R. Carli, M. Dotoli, R. Pellegrino, and L.
Ranieri, "A Decision Making Technique to
Optimize a Buildings; Stock Energy Efficiency,"
IEEE Transactions on Systems, Man, and
Cybernetics: Systems, vol. 47, no. 5, pp. 794-
807, 2017, doi: 10.1109/TSMC.2016.2521836.
A. Pellegrino, V. R. M. L. Verso, L. Blaso, A.
Acquaviva, E. Patti, and A. Osello, "Lighting
Control and Monitoring for Energy Efficiency:
A Case Study Focused on the Interoperability of

Building  Management  Systems,” IEEE
Transactions on Industry Applications, vol. 52,
no. 3, pp. 2627-2637, 2016, doi:

10.1109/T1A.2016.2526969.

L. A. M. Riascos and S. E. Palmiere, "Energy
Efficiency and Fire Prevention Integration in
Green Buildings,” IEEE Latin America
Transactions, vol. 13, no. 8, pp. 2608-2615,
2015, doi: 10.1109/TLA.2015.7332139.

R. Gulbinas, A. Khosrowpour, and J. Taylor,
"Segmentation and Classification of Commercial
Building Occupants by Energy-Use Efficiency
and Predictability,” IEEE Transactions on Smart
Grid, vol. 6, no. 3, pp. 1414-1424, 2015, doi:
10.1109/TSG.2014.2384997.

Z. Ma, P. Cooper, D. Daly, and L. Ledo,
"Existing building retrofits: Methodology and
state-of-the-art,” Energy and Buildings, vol. 55,
pp. 889-902, 2012, doi:
https://doi.org/10.1016/j.enbuild.2012.08.018.
Y.-J. Wen and A. M. Agogino, "Personalized
dynamic design of networked lighting for
energy-efficiency in open-plan offices,” Energy
and Buildings, vol. 43, no. 8, pp. 1919-1924,
2011, doi:
https://doi.org/10.1016/j.enbuild.2011.03.036.
G. Y. Yun, H. Kim, and J. T. Kim, "Effects of
occupancy and lighting use patterns on lighting
energy consumption,” Energy and Buildings,
vol. 46, pp. 152-158, 2012, doi:
https://doi.org/10.1016/j.enbuild.2011.10.034.
Z. Wang and Y. K. Tan, "Hllumination control of
LED systems based on neural network model
and energy optimization algorithm," Energy and
Buildings, vol. 62, pp. 514-521, 2013, doi:
https://doi.org/10.1016/j.enbuild.2013.03.029.
Y. W. Bai and Y. T. Ku, "Automatic room light

intensity detection and control using a
microprocessor and light sensors,” IEEE
5767


https://doi.org/10.1016/j.energy.2018.02.108
https://doi.org/10.1016/j.apenergy.2018.04.118
https://doi.org/10.1016/j.jid.2016.08.021
https://doi.org/10.1016/j.enpol.2008.11.037
https://doi.org/10.1016/j.enbuild.2014.11.027
https://doi.org/10.1016/j.autcon.2014.03.013
https://doi.org/10.1016/j.enbuild.2012.08.018
https://doi.org/10.1016/j.enbuild.2011.03.036
https://doi.org/10.1016/j.enbuild.2011.10.034
https://doi.org/10.1016/j.enbuild.2013.03.029

TES'T

Engineering & Management

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Transactions on Consumer Electronics, vol. 54,
no. 3, pp. 1173-1176, 2008, doi:
10.1109/TCE.2008.4637603.

A. Pandharipande and D. Caicedo, "Daylight
integrated illumination control of LED systems
based on enhanced presence sensing," Energy
and Buildings, vol. 43, no. 4, pp. 944-950, 2011,
doi:
https://doi.org/10.1016/j.enbuild.2010.12.018.
C. Diakaki, E. Grigoroudis, and D. Kolokotsa,
"Towards a multi-objective  optimization
approach for improving energy efficiency in
buildings," Energy and Buildings, vol. 40, no. 9,
pp. 1747-1754, 2008, doi:
https://doi.org/10.1016/j.enbuild.2008.03.002.
C. Diakaki, E. Grigoroudis, N. Kabelis, D.
Kolokotsa, K. Kalaitzakis, and G. Stavrakakis,
"A multi-objective decision model for the
improvement of energy efficiency in buildings,”
Energy, vol. 35, no. 12, pp. 5483-5496, 2010,
doi:
https://doi.org/10.1016/j.energy.2010.05.012.

E. Asadi, M. G. da Silva, C. H. Antunes, and L.
Dias, "Multi-objective optimization for building
retrofit strategies: A model and an application,"
Energy and Buildings, vol. 44, pp. 81-87, 2012,
doi:
https://doi.org/10.1016/j.enbuild.2011.10.016.
Y.-K. Juan, P. Gao, and J. Wang, "A hybrid
decision support system for sustainable office
building renovation and energy performance
improvement,” Energy and Buildings, vol. 42,
no. 3, pp. 290-297, 2010, doi:
https://doi.org/10.1016/j.enbuild.2009.09.006.
E. M. Malatji, J. Zhang, and X. Xia, "A multiple
objective optimisation model for building energy
efficiency investment decision,”" Energy and
Buildings, vol. 61, pp. 81-87, 2013, doi:
https://doi.org/10.1016/j.enbuild.2013.01.042.
K. Alanne, "Selection of renovation actions
using  multi-criteria ~ “knapsack”  model,"
Automation in Construction, vol. 13, no. 3, pp.
377-391, 2004, doi:
https://doi.org/10.1016/j.autcon.2003.12.004.

A. M. Rysanek and R. Choudhary, "Optimum
building energy retrofits under technical and
economic uncertainty,” Energy and Buildings,
vol. 57, pp. 324-337, 2013, doi:
https://doi.org/10.1016/j.enbuild.2012.10.027.
Y. M. Lee et al., "Modeling and simulation of
building energy performance for portfolios of
public buildings,” in Proceedings of the 2011
Winter Simulation Conference (WSC), 2011, pp.
915-927, doi: 10.1109/WSC.2011.6147817.
Y.-H. Perng, Y.-K. Juan, and H.-S. Hsu,
"Genetic algorithm-based decision support for
the restoration budget allocation of historical
buildings," Building and Environment, vol. 42,

Published by: The Mattingley Publishing Co., Inc.

[39]

[40]

[41]

[42]

November-December 2019
ISSN: 0193-4120 Page No. 5762 - 5768

no. 2, pp. 770-778, 2007, doi:
https://doi.org/10.1016/j.buildenv.2005.09.009.
J. Feng and Y. Yang, "Design and
implementation of lighting control system for
smart rooms," in 2017 2nd IEEE International
Conference on Computational Intelligence and
Applications (ICCIA), 2017, pp. 476-481, doi:
10.1109/CIAPP.2017.8167263.

I. Khajenasiri, A. Estebsari, M. Verhelst, and G.
Gielen, "A Review on Internet of Things
Solutions for Intelligent Energy Control in
Buildings for Smart City Applications," Energy
Procedia, vol. 111, pp. 770-779, 2017, doi:
https://doi.org/10.1016/j.egypro.2017.03.239.
A. Fensel, D. K. Tomic, and A. Koller,
"Contributing to appliances’ energy efficiency
with Internet of Things, smart data and user
engagement,” Future Generation Computer
Systems, vol. 76, pp. 329-338, 2017, doi:
https://doi.org/10.1016/j.future.2016.11.026.

B. Technologies. "Energy Efficiency in Small
Buildings."
https://www1.builtspace.com/2012/12/05/energy
-efficiency-in-small-buildings/  (accessed 19
June 2018.

5768


https://doi.org/10.1016/j.enbuild.2010.12.018
https://doi.org/10.1016/j.enbuild.2008.03.002
https://doi.org/10.1016/j.energy.2010.05.012
https://doi.org/10.1016/j.enbuild.2011.10.016
https://doi.org/10.1016/j.enbuild.2009.09.006
https://doi.org/10.1016/j.enbuild.2013.01.042
https://doi.org/10.1016/j.autcon.2003.12.004
https://doi.org/10.1016/j.enbuild.2012.10.027
https://doi.org/10.1016/j.buildenv.2005.09.009
https://doi.org/10.1016/j.egypro.2017.03.239
https://doi.org/10.1016/j.future.2016.11.026
https://www1.builtspace.com/2012/12/05/energy-efficiency-in-small-buildings/
https://www1.builtspace.com/2012/12/05/energy-efficiency-in-small-buildings/

