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Abstract

Residential sector is ranked as the most significant energy consumer, and the contributes to adverse
environmental effects. A high level of energy consumption with high levels of embodied carbon
dioxide (CO2) leads to an increase in CO2 emissions. As the existing Malaysia green building
assessment tools was lack of smart technology criteria. Utilizing smart technology may able to cut
down the daily utility’s consumption as an alternative to conventional home has the potential to
decrease CO2 emissions. A smart technology may ably reduce a home energy and water
consumption up to 40% compared with a conventional home. The smart technology application is
getting popular in the green housing especially in residential building construction due to its more
efficient, lowering utilities cost and environment-friendly. Hence, the primary objective of this study
was to identify the existing criteria in evaluating green residential. This research employed a mixed
methods approach via a comparative analysis and quantitative approach, involving questionnaire
surveys directed at Green Building Index Facilitators in Malaysia, and the collection of secondary
data from sources such as articles, journals, and the websites of smart technology to complement
it. The findings indicated that there were nine significant elements towards smart technology criteria
in the construction industry, and investigated the acceptance of smart technology criteria in green
residential. However, the smart technology promotes a lot of benefit to make a home greener and
sustainability.

Keywords: Green Residential, Sustainable Residential, Green Housing, Developing Countries,
Green Building, Smart Technology.

Introduction

Construction industry has been termed as one of the greatest contributors to environmental
degradation since construction industry use lots of resources in construction process and emit
pollutants. The Malaysian residential sector consumption of electricity comprised a little more than a
quarter (27.3%) of the total national electricity consumption in 2023. Which contributes to a massive
amount of carbon dioxide CO 2 emissions, making the country heavily dependent on fossil fuels, in
particular coal (43%) and natural gas (37%) (TNB, 2023; EMBER, 2024). Such high demand lifestyle
contributes to climate change, resource depletion and urban heat island effect and this fact makes
sustainable housing solutions not only desirable but also necessary. Based on GreenRE (2024), the
fundamentals of green residential area are energy and water efficiency, indoor environmental quality,
carbon reduction, and green innovation, and these are meant to reduce the load on the environment,
which is intended to enhance the quality of life. Although green assessment systems such as Green
Building Index (GBI) and GreenRE have been established well, existing evaluation tools however do
not outline certain requirements on smart technologies and which are turning out to be more important
in optimizing sustainable home performance. The smart technology is also not applied, which translates
into the missed possibility of using automated energy monitoring, real-time water management, and
intelligent climate controls that will minimise the use of energy and water by 30 to 40% and drastically
increase the efficiency of operations (Stopps & Touchie, 2021; Smart Energy International, 2020).

LINTI INTERNATIONAL UNIVERSITY
2 INTI INTERNATIONAL UNIVERSITY

2433


https://doi.org/10.62754/ais.v7i1.1243
https://journals.ap2.pt/index.php/ais/index

Architectural Image Studies, ISSN: 2184-8645

The use of smart technology in separate residential buildings provides great opportunities to
transform the sustainability prospective with the help of smart thermostats, sensors, sockets, home
automation, and energy management applications (Chakraborty et al., 2023; Min Li et al., 2018). These
systems allow to control and optimize household energy and water consumption in real-time, which
directly leads to the reduction of their carbon footprint due to the savings in operational costs. Also, new
technologies of smart house automation, auto lights, smart security system, and smart inventions do
not only facilitate safety and comfort but can fit the United Nations Sustainable Development Goals
(SDGs), such as SDG 7 (Clean Energy), SDG 11 (Sustainable Cities, and Communities), and SDG 13
(Climate Action).

The use of smart technology in green housing has caught the pace of growth in the international
markets and is gradually taking root in the Malaysian construction industry in the last few years.
Nevertheless, the absence of common criteria of smart technology in Malaysia green building evaluation
tools depicts a research gap. To ensure comprehensive, future-proof performance of green buildings
through use of sustainability rating systems, it is crucial to incorporate smart technology within these
systems (Khoja and Danylenko, 2024). Therefore, this study aimed to evaluate the inclusion of smart
technology criteria into the Malaysian green residential assessment tools. Specifically, the study will
address the following research objectives:

1. To identify the existing criteria in evaluating green residential.

2. To study the smart technology indicator in evaluating green residential.

3. Toinvestigate the acceptance of the smart technology criteria in green residential.
Literature Review

Green Housing in Malaysia

Green housing is increasingly becoming a suitable solution to environmental degradation that
results due to rapid urbanization and over consumption of the available resources in the Malaysian
construction sector. Green housing can also be called green residential or eco-friendly housing and it
is characterized as a housing which embraces environmentally sustainable behaviours and
technologies to lower down energy consumption, save water and energy intensive effects on the
environment. It improves the life experience with a maximized indoor air quality and a minimized
exposure by pollution of sustainable materials and smart building systems (Iberdola, 2024;
Dimitroulopoulou et al., 2023). Green housing is very important in driving green development due to
efficiency in resources and low-carbon construction. Khoshnava et al. (2020) determine that taking up
green building materials greatly limits adverse effects on the environment and the health of people. In
addition, Elnaklah et al. (2021) observed that green housing facilitates both ecological and economic
sustainability because it does not overuse non-renewable resources. These will satisfy the international
environmental objectives and will be beneficial in the long run both in cost savings and environmental
conservation.

Green housing in Malaysia is implemented by an existing rating system or rather, it is done
according to Green Building Index (GBI) and GreenRE. First local green rating tool, GBI was introduced
in 2009, whereas GreenRE was initiated in 2013 by REHDA to respond to the needs of the private
developers. The two systems evaluate structures according to six primary categories such as energy
efficiency, water efficiency, indoor environmental quality, sustainable site planning, material and
resources, and innovation (GBI, 2024; GreenRE, 2024). The tools were developed keeping in mind the
tropical environment and the cultural setting of Malaysia with an aim of revolutionizing the building
process in the country to sustainable building. Nonetheless these initiatives have not been very
successful to the point of widespread use of green housing in Malaysia as compared to other developed
countries. High cost of initial constructions, inadequate levels of awareness among the populace and
absence of financial stimulation are some factors that impede the growth of the market. Nevertheless,
green initiatives have been squarely supported by the Malaysian government. Datuk Sr Mohd Zaid
Zakaria as Chief Executive of CIDB has affirmed that soon the use of green building will become a
requirement in all construction works and sustainable construction is no longer a favor (Kaur, 2024).

Green housing has a number of advantages as seen in various ways. It minimizes the consumption
of energy and water in the environment, as well as carbon emissions. On a social basis, it offers
healthier living conditions by increasing good indoor air quality and the use of toxic free materials. In
economic terms, it saves continuously due to the reduction in utility bills and repairs expenses. Thus,
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green housing does not only imply an ethical choice of the environmentally friendly option but also
represents an effective measure to attend the needs of the continuously increasing urban population of
Malaysia trying to find efficient and environmentally sound housing solutions.

Importance of Green Housing in Sustainable Development

Green housing is important in attaining sustainable development characterized by consumption of
less resources and better quality of the environment. According to Mustaffa et al. (2021), there is a
possibility that green housing in Malaysia may halve the amount of energy consumption, which
minimizes the carbon emission levels and reduces the potential burden on the environment caused by
residential consumption. Woon et al. (2023) further stated that these designs also facilitate 25 percent
reduction of water used. These initiatives are also sustainable in the sense that they save homeowners
who would be saving on utility expenses in the long-term. Green housing implementation is quite
beneficial in three folds which include economic, environmental, and social. Green homes are also
economically beneficial due to the fact that they can reduce/save the energy cost up to one-third
(Ahmad et al., 2024) and 10-15 percent hike in the resale value (Chuweni et al., 2024). They additionally
employ long-lasting materials that reduce the maintenance expenses (Patil et al., 2020). Green housing
supports and promotes sustainable industries through job creation and growth, and innovation
(Ogunmakinde et al., 2020). Green buildings generate as much as 40 percent fewer carbon emissions
because of increased energy efficiency (Mariotti, 2023). Such characteristics as green roofs assist in
cooling the city and reducing the need to cool the offices (Hamid et al., 2023), whereas landscaped
surfaces contribute to the health of an urban ecosystem and biodiversity (Leong et al., 2024).
Sustainably, green housing will play a part in enhancing safer living conditions by lowering air pollution
levels and improving indoor air conditions, which allow the physical and mental states to improve (Zahid
et al., 2024). The culture of sustainability is also being implemented in society through campaigns and
green way of life activities (Sukereman et al., 2024). Moreover, the concept of green housing is
becoming more inclusive, where much effort is put to ensure the beneficial availability of sustainable
housing to low-income populations, such as the B40 in Malaysia (Ramli et al., 2024). The significance
of green housing is illustrated in Table 1.

Table 1: Importance of Green Housing in the Sustainable Development

Category Element Source
Economic Cost savings in utility fees (Azis, 2021; Ahmad et al.,
2024)

Higer market value

Reduce maintance cost
Increase investment in
sustainable construction

(Chuweni et al., 2024)
(Patil et al., 2020)
(Ogunamakinde et al., 2020)

Environmental Reduction in carbon | (Mariotti, 2023)
emissions
Reduce urban heat (Hamid et al., 2023)
Energy efficiency | (Fauzi & Ismail, 2024)
improvements (Leong et al., 2024)
Social Biodiversity preservation (Zahid et al., 2024)
Improve better living

standards and better health
Community awareness and
behavioral change

Social inclusivity in housing
option

(Sukereman et al., 2024)

(Ramli et al., 2024)

Smart Technologies Integration

The idea of smart technology as a complement to green housing is gaining value in the hopes to
maximize resource use and enhance conveniences at residence. Some of the most important
technologies include smart thermostats that enable one to control the indoor temperatures using
automation and remotely. This kind of system is effective in ensuring economy in the usage of energy
since it varies the indoor environment depending on the patterns of occupancy and weather conditions.
Stopps and Touchie (2021) assert that with the right use of the thermostats one can reduce the energy
so much by ensuring less cooling or heating when the building is not occupied. Another difference
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highlighted in the study by Kam et al. (2023) is that the devices allow reducing electricity bills without
sacrificing the comfort of occupants.

While, the other significant system is on smart lighting that one can incorporate motion sensors as
well as occupancy sensors to automatically switch off lights and appliances when not in use. According
to Widartha et al. (2024), this technology is capable of eradicating the wastage of energy during idle
times, whereas Lo Verso and Pellegrino (2019) observed that automatic lighting systems that have the
switch off feature can mitigate energy consumption by 60 per cent. Other than lighting and the climate
control, smart energy management systems are also useful in monitoring real time electricity
consumption. These systems give feed-back of the usage by day through profiles, and home owners
can monitor the usage. Tuomela et al. (2021) and Gill (2025) realized that smart energy systems have
the potential to help decrease monthly electricity usage by as much as 30 percent. In the same way,
the smart water meters encourage sustainable water consumption by monitoring in real-time water
consumption, behavioral activities and leak identification. Daminato et al. (2021) mentioned that more
conscious usages of water were the results of smart water meter usage, and Msamadya et al. (2023)
explained that the overall consumption of water was reported to diminish by 10%. These systems do
not only save resources but also develop the more responsible behavior among residents because of
increased awareness of the consumption habits and they are in line with the objectives of the
environment.Smart sensors can also help to maintain the environmentally good status as they also
monitor the temperatures, amount of humidity, and light in order to automatically adjust the systems to
the best levels of comfortable and least consuming environments.

According to Chakraborty et al. (2023), these sensors can make a house adjust itself based on the
comfort of occupants and on energy-reduction goals. All these technologies are present in centralized
smart home systems that enable users to control the appliances and utilities using the combined
platforms. Pohl et al. (2021) and Min Li et al. (2018) state that this kind of integration can encourage
automation, effortslessness in control, and efficiency. An example of a smart socket is that which can
limit loss of electricity in standby mode due to time scheduling. Ma et al. (2018) and ELORBANY et al.
(2021) research proved that smart sockets could reduce electricity use by a maximum of 10 percent by
programming on/off smart connections with devices. Home appliances such as air conditioners,
washing machines, refrigerators that are mostly loT-enable are also another critical contribution. Such
smart gadgets optimize energy consumption, since they operate according to the patterns of users, as
well as peak hours. Chakraborty et al. (2023) found that apart from enhancing the functionality, the use
of 10T technology also minimized unnecessary energy consumption.

Lastly, intelligent security systems like smart locks, motion sensors and surveillance cameras have
a similar benefit to making the home more secure, as the energy expenses are also minimised. These
systems are automated and at times when the house is not occupied; there are options that turn off
other non-essential systems that aid a more efficient and conscious household. To sum it up, the
implementation of green homes that have smart technologies will contribute to the environmentally
friendly, more reasonable, and safer-tomorrow residential conditions.

Table 2: Smart Technology Integration

Element Source

Smart Thermostats (Stopps and Touchie, 2021; Kam et al., 2023)

Automated Lighting and appliance | (Lo Verso and Pellegrino, 2019; Widartha et al.,

controls 2024)

Smart Energy Management | (Tuomela et al., 2021; Gill, 2025)

Systems

Smart Water Meter (Daminato et al., 2021; Msamadya et al., 2023)

Smart Sensor (Chakraboraty et al., 2023)

Smart Home Systems (Min Li et al., 2018; Pohl et al., 2021)

Smart Socket Min Li et al., 2018; Ma et al. 2018; ELORBANY et
al., 2021

Smart Appliances Chakraboraty et al., 2023

Smart Security System Chakraboraty et al., 2023

Methodology

The research method for this study applies mix methods, it involved the comparative analysis and
guestionnaire surveys that was conducted among the green building facilitators throughout Malaysia.
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A list of green building facilitators was obtained from the Green Building Index (GBI) database. The
purpose of the questionnaire was to obtain the responses on the inclusion of smart technology in the
Malaysian green building assessment tools. Following the delivery of the questionnaire throughout
email and WhatsApp application, follow up reminder were sent out to all respondents to increase the
respond rate. Due to the time constraint with only three (3) weeks to spare in distributing the
guestionnaire survey to the respondents, only 51 or 59.03% of the green building facilitators responded.
This result is acceptable as it has achieved the minimum response rate. This was proven from a similar
study done by (Lam et al., 2024) who obtained response rate of 50%.

Review of literature

Research Aim
To propose the smart technology criteria in accessing green residential in Malaysia

Objective 1 Objective 2 Objective 3
To identify the existing criteria in To study the smart technology indicator To investigate the acceptance of the smart
evaluating green residential in evaluating green residential technology criteria in green residential

Through Literature Review &
Quantitative Methods

Primary & Secondary Data Analysis

Summary, discussion, conclusion and recommendation for future research

Figure 1: Research Design
Result & Discussion
Response Rate and Timeline

86 green building facilitators were invited to participate in the quantitative questionnaire, 51 agreed
to participate and responds the questionnaire, registering a 59.30% of positive response rate. This fairly
large participation rate indicates a high level of involvement and interest in the respondents, which
reinforces the validity and credibility of the quantitative information collected.

Systematic Literature Review

12 articles that have been identified in this studies. The articles review encompassed studies from
2018 to 2025. It indicates a growing academic and practical interest in the integration of smart
technologies into residential environments.

Table 3: Result of Systematic Literature Review

Title Authors Year Smart
Technology
Indicators

Residential Smart Thermostat Use: An | Stopps, H. and | 2021 Smart

Exploration of Thermostat Programming, | Touchie, M.F. Thermostats

Environmental Attitudes, And the Influence of
Smart Controls on Energy Savings

A Study on The Adoption of Smart Home | Kam et al 2023 Smart
Technologies Among the Homeowners in Thermostats
Malaysia

Energy Saving Generated Through Automatic | Lo Verso, V.R.M. | 2019 Smart  Lighting
Lighting Control Systems According to the | and Pellegrino, A. System

Estimation Method of the Standard EN 15193-
1

Advancing Smart Lighting: A Developmental | Widartha, V.P., Ra, | 2024 Smart  Lighting
Approach to Energy Efficiency Through | 1., Lee, S.-Y. and System
Brightness Adjustment Strategies. Kim, C.-S
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F., Islam, S., Zaman,
H.U. and Hasan, M

Impacts Of Home Energy Management | Tuomela, S., de | 2021 Smart Energy
Systems on Electricity Consumption Castro Tomé, M., Management

livari, N. and System

Svento, R
How Home Automation Is Revolutionizing | Gill, K 2025 Smart Energy
Energy Efficiency for Homeowners Management

System

The Impact of Smart Meters on Residential | Daminato, C., Diaz- | 2021 Smart Water
Water Consumption: Evidence from a Natural | Farina, E., Filippini, Meter
Experiment in the Canary Islands M. and Padrén-

Fumero, N
Estimated Impacts of Smart Water Meter | Msamadya, S., Jin | 2023 Smart Water
Implementation on Domestic Hot Water | Chul Joo, Jung Min Meter
Consumption and Related Greenhouse Gas | Lee, Lee, S., Kim,
Emissions from Case Studies S., Hyeon Woo Go

and Seul Gi Lee
Smart Home System: A Comprehensive | Chakraborty, A., | 2023 Smart Sensor
Review Islam, M., Shahriyar,

F.,Islam, S., Zaman,

H.U. and Hasan, M
Smart Home: Architecture, Technologies and | Li, M., Gu, W., | 2018 Smart Home
Systems Chen, W., He, Y, Systems

Wu, Y. and Zhang, Y
Environmental saving potentials of a smart | Pohl, J., Frick, V., | 2021 Smart Home
home system from a life cycle perspective: | Hoefner, A, Systems
How green is the smart home? Santarius, T. and

Finkbeiner, M
Smart Home: Architecture, Technologies and | Li, M., Gu, W., | 2018 Smart Socket
Systems Chen, W., He, Y,

Wu, Y. and Zhang, Y
Development of an Energy-Efficient Smart | Ma, M., Huang, B., | 2018 Smart Socket
Socket Based on STM32F 103 Wang, B., Chen, J.

and Liao, L
A Smart Plug Equipped with IoT Technologies | ELORBANY, K., | 2021 Smart Socket
for Energy Management of Electrical | BAYILMIS, C. and
Appliances BALTA, S
Smart Home System: A Comprehensive | Chakraborty, A., | 2023 Smart Appliances
Review Islam, M., Shahriyar,

F., Islam, S., Zaman,

H.U. and Hasan, M
Smart Home System: A Comprehensive | Chakraborty, A., | 2023 Smart  Security
Review Islam, M., Shahriyar, System

Demographic

Tables 4 describes the demographic profile of 51 respondents from green building index
facilitators. Most of the respondents are from different designations, with Mechanical & Electrical
Engineering being the most common field of participants, followed by Architect, Civil & Structural
Engineer and Others. In addition, the respondents mainly comprise of more than 10 years’ experience
(60.80%), followed by 5 — 10 years (31.44%) and less than 5 years (7.8%), which represents a deep
experience in green building certification. Moreover, most of the respondents were having less than 5
projects GBI certification project (56.90%), followed by 5 — 10 projects (35.30%) and more than 10
projects (7.80%). This robust demographic composition clearly lays a good foundation to discuss the

Likert scale responses in this study.

2438



Architectural Image Studies, ISSN: 2184-8645

Table 4: Demographic background of Green Building Facilitators

Parameter Category Number of | Percentage of
facilitators suppliers (%)
Designation Mechanical & | 26 51
electrical
engineers
Architect 15 29.4
Civil & structural | 5 9.8
engineer
others 5 9.8
Year of experience <5 years 4 7.80
>5210 years 16 31.4
>10 years 31 60.8
No. of certification projects | <5 projects 29 56.9
involves 25210 projects 18 35.3
>10 projects 4 7.80

The Need for Smart Technology Criteria in Evaluating Green Residential

This was followed by the Part B of the questionnaire which was concerned with the identification
of the pertinent smart technology indicators contributing to the assessment of green residential buildings
in Malaysia. The respondents were requested to give their responses on a five-point Likert scale against
a number of features of smart technology. The Index Method was an unidimensional and non-
comparative psychometric scaling instrument applied in the analysis to measure the extent of
agreement with every smart feature. The index scores of various indicators were found to be high with
a range of the scores between 4.48 and 3.38 as observed in Table 5 hence agreement was high. Among
the top-rated features were smart thermostats, auto lighting, energy monitoring systems and smart
appliances. This shows that more interest is being taken by the industry in using smart systems during
the evaluation of the green residential projects.

These questions were looking to the evaluation of acceptance criteria of smart technologies among
construction persons and other stakeholders within the green building industry in part C of the
guestionnaire. The data was analyzed similarly like in Part B using the Index Method. The findings as
per Table 5 indicated that majority of the respondents supported the response positively with regard to
inclusion of smart technology in green housing assessments. The highest index score was 4.44 and
the lowest 3.33 indicating a general average of moderate to high level of acceptance. The simplest
issues (i.e. energy efficiency, water-saving and real-time monitoring) were at the top of the scale. The
results of these research findings show that professionals in the construction industry acknowledge the
importance of smart technologies in the improvement of sites towards sustainability outcomes and
endorse its formal adoption towards green assessment plans.

Table 5: The Need for Smart Technology Criteria in Evaluating Green Residential

Parameter Category Number of | Percentage of
facilitators | suppliers (%)
Are the existing criteria in the | Strongly 0 0
green building ratings tools | disagree
are adequate in measuring a | Disagree 2 3.90
green residential Neither  agree | 16 314
nor disagree
Agree 30 58.8
Strongly agree 3 5.90
Smart technologies should | Strongly 0 0
be included to the existing | disagree
evaluation tool Disagree 2 3.90
Neither  agree | 14 27.5
nor disagree
Agree 24 471
Strongly agree 11 21.6
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Most of the green residential | Strongly 0 0

in Malaysia comprise the | disagree

smart technology elements | Disagree 8 15.7
for example Smart | Neither agree | 7 13.7
Thermostat, Smart Lighting | nor disagree

System, Smart Meter System | Agree 33 64.7
etc. Strongly agree | 3 5.90

Acceptance of Smart Technology Criteria in Green Residential

The findings indicate that smart thermostats, smart lighting, and energy management systems
were the most influential indicators, as they recorded a score of over 4.0. This implies that in green
housing, it is important to enhance automation and control in real-time. Other indicators, such as smart
sockets and smart water meters, obtained relatively modest but at the same time above the level of 3.3,
which also means positive review. The standard deviations of 0.693 to 1.081 indicate the consistency
of the responses with quite a small divergence of the level of agreement among the professionals.

Conversely, summarises the criteria acceptance level of smart technology by three major themes
as energy efficiency, water conservation, and comfort and automation. The indicator used to measure
the energy-efficient operations got the highest index score of 4.44 and features relating to automation
and data monitoring followed. These results suggest that the specialists do not only realise the technical
benefits of smart systems but also do not exclaim their incorporation in national green assessment
tools. With further construction industry technology to become more digitalized, and with the ideas
behind living smart homes, this information gives value to the ability of the policy to become improved,
and that the smart technologies ideas can be added into the green building certification systems in
Malaysia.

Table 6: Acceptance of Smart Technology Criteria in Green Residential

Elements Mean | SD 5 14 |3 |2 |1 Ranking
Smart Water Meters 4235 0840 |0 |3 |4 22122 |1
Smart Energy Management Systems 4196 (0715 |1 |0 |3 |31|16 |2
Smart Lighting System 4157 10801 |1 |0 |7 |25|18 |3
Smart Thermostats 3.961 | 0.685 |1 0 |7 |38 |4
Smart Appliances 3941 | 0639 |0 |1 9 |33|8 |5
Smart Socket 3.863 [ 0758 |0 |3 |10]29|9 |6
Smart Sensor 3510 10724 |0 |3 |23 |21 |4 |7
Smart Home Systems (SHS) 3.353 | 0.762 |0 |5 |27]115|4 |8
Smart Security System / Smart Lock 3.176 | 0856 |0 |[12]21]|15|3 |9

It can be concluded that GBI facilitators emphasize to a large degree the smart water meters
(M=4.235) that add resolute value to the green residential and user experience of their residential, or in
other words, their perceived importance. The smart energy management systems (M=4.196) is
considered highly perceived as facilitators appreciate the well energy management may contribute to
the environment nature. Smart lighting system (M=4.157), smart thermostats (M=3.961), and smart
appliances (M=3.941) also appeared as important to green residential, which suggests that physical
comfort and smart interactions of green spaces are acknowledged. Moreover, others smart appliances
such as smart socket (M=3.863), smart sensor (M=3.510), smart home systems (M=3.353) and smart
security system (M=3.176) for a green residential.

Conclusion & Recommendation
Key Findings for Objective 1: To identify the existing criteria in evaluating green residential.

The objective 1 had been successfully achieved via a comparative document analysis on existing
green building assessment tools between the Green Building Index (GBI) and GreenRE. The study
found and highlighted that both of the assessment tools currently evaluate green residential buildings,
focusing on 6 main criteria. These are energy efficiency, water conservation, indoor environmental
quality, green and sustainable renovation, environmental landscaping and biodiversity; location and site
selection and waste management. Notably, both GBI and GreenRE frameworks lacked explicit criteria
related to smart technologies. This confirms the presence of a significant gap in the existing evaluation
assessment tools and supports the need to improve the criteria to include smart technology criteria.

2440



Architectural Image Studies, ISSN: 2184-8645

Key Findings for Objective 2: To study the smart technology indicator in evaluating green
residential.

This objective is also successfully achieved through a systematic literature review. The research
had successfully identified multiple smart technology indicators that are related and beneficial to green
residential development to become greener and more sustainable. The smart technologies indicators
are smart water meter, smart energy management systems, smart lighting system, smart thermostats,
smart appliances, smart sockets, smart sensor, smart home systems (SHS) and smart security system
/ smart lock. These smart technologies had been proven by the researchers with details information
and data in the studies. These technologies may reduce a home's energy and water consumption and
enhance comfort.

Key Findings for Objective 3: To investigate the acceptance of the smart technology criteria in
green residential

For objective 3, it had been successfully achieved via a quantitative survey, which was conducted
among 86 certified green building facilitators on the GBI official website. The survey successfully
collected 51 valid responses, which is a 59.03% response rate. In the survey, the majority of the
respondents agreed that smart technologies should be included a part of the green residential
assessment tools. The data shows that over 70% of the green building facilitators strongly supported
the inclusion of smart technologies. This indicates that the industry is willing to adopt smart technologies
as part of future green building strategies. The result also highlighted the ranking for each smart
technologies as smart water meter (1), smart energy management systems (2), smart lighting system
(3), smart thermostats (4), smart appliances (5), smart sockets (6), smart sensor (7), smart home
systems (SHS) (8) and smart security system / smart lock (9). Among these smart technologies, the top
three were smart water meter, smart energy management systems and smart lighting systems. These
technologies may reduce a home's energy and water consumption and enhance comfort.

Conclusion

The introduction of smart technology is becoming one of the most important provisions of green
housing in Malaysia, as it is driving resource optimisation, environmental-friendliness and easy lifestyle.
Despite the fact that the idea of smart homes is beginning to receive some coverage, only a little is
being implemented particularly on residential buildings that are green. The paper has been researched
to determine the incorporation of smart features of technology in Malaysian green residential housing.
The surveyed people were the relevant industry professionals and people who have experience in
making sustainable housing development. A questionnaire survey was done on them. The paper
specifically focused on the adoption and efficiency of some smart technologies used in facilitating green
building goals. The analysis of the average results has also revealed 9 important smart technology
features offering significant contribution to green housing namely; 1) Smart water meters (4.235), 2)
Smart energy managment system (4.196), 3) Smart lighting system (4.157), 4) Smart thermostats
(3.961), 5) Smart appliances (3.941), 6) Smart sockets (3.863), 7) Smart sensor (3.510) and 8) smart
home system (3.353) and 9) Smart security system (3.176). These technological products will facilitate
vital sustainability operations, which carry part of responsibilities, including energy and water
consumption reduction, leak detection, appliance optimization, and better indoor comfort. The findings
indicate that the combination of the technologies in green assessment can be the new wave of
enhancing green performance and the user experience of green homes in Malaysia. In a nutshell, policy
makers, developers and departments of certifications like GBI, GreenRE can find useful information in
this research and accommodate the inclusion of smart technology requirements in their criteria sets.
The smart systems used in the green housing norms can aid the sustainability of Malaysia through SDG
7, SDG 11, and SDG 13 in the long-run. Moreover, cooperation among the technology providers,
housing developers and government agencies should be encouraged to foster innovation, overcome
the blend in the marketplace, and spread the image of smart green living. Because the current study is
concentrated on the Malaysian situation, the further research may investigate the acceptance and use
of smart technology in green housing in other developing countries to evaluate the scaling and
adjustment in other socio-economic settings.

2441



Architectural Image Studies, ISSN: 2184-8645

References

(1]

(2]
(3]

(4]

(5]

(6]

[7]
(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

CIDB (2024). Piawaian Bangunan Hijau ASEAN Ditetapkan Untuk Mengubah Projek Perumahan Masa
Depan | CIDB HQ. [online] CIDB HQ. Available at: https://www.cidb.gov.my/eng/asean-green-building-
standards-set-to-transform-future-housing-projects/ [Accessed 26 Oct. 2024].

DOSM (2024). Gross Domestic Product (GDP) | OpenDOSM. [online] open.dosm.gov.my. Available at:
https://open.dosm.gov.my/dashboard/gdp [Accessed 26 Oct. 2024].

Iberdrola (2024). The ‘green’ buildings are leading the way to more sustainable and efficient urban
planning. [online] Iberdrola. Available at: https://www.iberdrola.com/sustainability/sustainable-green-
buildings [Accessed 19 Oct. 2024].

GBI (2024). Green Building Index. [online] green building index. Available at:
https://www.greenbuildingindex.org/ [Accessed 19 Oct. 2024].

Sivadasan, R. and Basiruddin, R. (2019). Green Housing Development: Is it Really Sustainable?
International Journal of Academic Research in Business and Social Sciences, [online] 9(12), pp.431-444.
doi:https://doi.org/10.6007/IJARBSS/v9-i12/6740.

Paramappa Kalikeri, J. (2023). COMPARATIVE STUDY OF A CONVENTIONAL BUILDING AND GREEN
BUILDING. International Research Journal of Modernization in Engineering Technology and Science.
[online] doi:https://doi.org/10.56726/irjmets44828.

EMBER (2024). Malaysia | Ember. [online] Ember. Available at: https://ember-energy.org/countries-and-
regions/malaysia/ [Accessed 28 Oct. 2024].

Kathy, B. (2023). Evolution to emergence of green buildings in Malaysia | New Straits Times. [online] NST
Online. Available at: https://www.nst.com.my/property/2023/12/986379/evolution-emergence-green-
buildings-malaysia [Accessed 28 Oct. 2024].

Venkatraman, S. and Ramasamy, V. (2018). Study on performance of green buildings constructed with
special materials. International Journal of Pure and Applied Mathematics, [online] 119(12), pp.9019-9033.
Available at:
https://www.researchgate.net/publication/326108754_Study_on_performance_of_green_buildings_cons
tructed_with_special_materials [Accessed 28 Oct. 2024].

Sani Dimitroulopoulou, Dudzinska, M.R., Lars Gunnarsen, Hagerhed, L., Henna Maula, Raja Singh
Visualisation, Oluyemi Toyinbo Visualisation and Ulla Haverinen-Shaughnessy (2023). Indoor air quality
guidelines from across the world: An appraisal considering energy saving, health, productivity, and
comfort. Environment International, [online] 178, pp.108127-108127.
doi:https://doi.org/10.1016/j.envint.2023.108127.

Khoshnava, S.M., Rostami, R., Mohamad Zin, R., Streimikieng, D., Mardani, A. and Ismail, M. (2020).
The Role of Green Building Materials in Reducing Environmental and Human Health Impacts.
International Journal of Environmental Research and Public Health, [online] 17(7), p.2589.
doi:https://doi.org/10.3390/ijerph17072589.

Elnaklah, R., Walker, I. and Natarajan, S. (2021). Moving to a green building: Indoor environment quality,
thermal comfort and health. Building and Environment, 191, p.107592.
doi:https://doi.org/10.1016/j.buildenv.2021.107592.

Manzoor, B., Othman, I., Gardezi, S.S.S. and Harirchian, E. (2021). Strategies for Adopting Building
Information Modeling (BIM) in Sustainable Building Projects—A Case of Malaysia. Buildings, 11(6), p.249.
doi:https://doi.org/10.3390/buildings11060249.

Tabatabaee, S., Mahdiyar, A., Durdyev, S., Mohandes, S.R. and Ismalil, S. (2019). An assessment model
of benefits, opportunities, costs, and risks of green roof installation: A multi criteria decision making
approach. Journal of Cleaner Production, 238, p.117956.
doi:https://doi.org/10.1016/j.jclepro.2019.117956.

Woon, K.S., Phuang, Z.X., Taler, J., Varbanov, P.S., Chong, C.T., Klemes, J.J. and Lee, C.T. (2023).
Recent advances in urban green energy development towards carbon emissions neutrality. Energy, 267,
p.126502. doi:https://doi.org/10.1016/j.energy.2022.126502.

Mustaffa, N.K., Mat Isa, C.M. and Che Ibrahim, C.K.l. (2021). Top-down bottom-up strategic green
building development framework: Case studies in Malaysia. Building and Environment, 203, p.108052.
doi:https://doi.org/10.1016/j.buildenv.2021.108052.

Raihan, A., Pavel, M.l., Muhtasim, D.A., Farhana, S., Faruk, O. and Paul, A. (2023). The role of renewable
energy use, technological innovation, and forest cover toward green development: Evidence from
Indonesia. Innovation and Green Development, 2(2), p.100035.
doi:https://doi.org/10.1016/j.igd.2023.100035.

Santamouris, M. and Vasilakopoulou, K. (2021). Present and Future Energy Consumption of Buildings:
Challenges and Opportunities towards Decarbonisation. e-Prime, [online] 1(1), p.100002.
doi:https://doi.org/10.1016/j.prime.2021.100002.

Stawomir Rabczak, Vasyl Mateichyk, Miroslaw Smieszek, Nowak, K. and Serhii Kolomiiets (2024).
Evaluating the Energy Efficiency of Combining Heat Pumps and Photovoltaic Panels in Eco-Friendly
Housing. Applied Sciences, [online] 14(13), pp.5575-5575. doi:https://doi.org/10.3390/app14135575.
Valentin Bladimir Palacios-Intriago, Rezabala-Cedefio, D.D. and Vera-Cevallos, W.L. (2024). LED lights
and their impact on energy savings in a residential environment. International journal of engineering &
computer science, [online] 7(1), pp.8—11. doi:https://doi.org/10.21744/ijecs.v7n1.2306.

2442



[21]

[22]

(23]

(24]

(25]

(26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

Architectural Image Studies, ISSN: 2184-8645

Olatunde, T., Azubuike Okwandu and Dorcas Oluwajuwonlo Akande (2024). Reviewing the impact of
energy-efficient appliances on household consumption. International Journal of Science and Technology
Research Archive, [online] 6(2), pp.001-011. doi:https://doi.org/10.53771/ijstra.2024.6.2.0038.

Afzan et al., (2022). Effects of Green Roof in Reducing Surface Temperature and Addressing Urban Heat
Island in Tropical Climate of Malaysia. Journal of Design and the Built Environment, [online] 22(2), pp.1—
20. doi:https://doi.org/10.22452/jdbe.vol22n02.1.

Kam et al., (2023). A Study on the Adoption of Smart Home Technologies Among the Homeowners in
Malaysia. Advances in civil and industrial engineering book series, [online] pp.1-21.
doi:https://doi.org/10.4018/978-1-6684-8253-7.ch001.

Zabidi, H.A., Goh, HW., Chang, C.K., Chan, N.W. and Zakaria, N.A. (2020). A Review of Roof and Pond
Rainwater Harvesting Systems for Water Security: The Design, Performance and Way Forward. Water,
[online] 12(11), p.3163. doi:https://doi.org/10.3390/w12113163.

Filali, H., Barsan, N., Souguir, D., Nedeff, V., Tomozei, C. and Hachicha, M. (2022). Greywater as an
Alternative Solution for a Sustainable Management of Water Resources—A Review. Sustainability,
[online] 14(2), p.665. doi:https://doi.org/10.3390/su14020665.

Mai, J.-L., Yang, W.-W., Zeng, Y., Guan, Y.-F. and Chen, S.-J. (2024). Volatile organic compounds
(VOCs) in residential indoor air during interior finish period: Sources, variations, and health risks. Hygiene
and Environmental Health Advances, [online] 9, p.100087.
doi:https://doi.org/10.1016/j.heha.2023.100087.

Zakaria, N.M., Omar, M.A. and Mukhtar, A. (2023). Numerical Study on the Thermal Insulation of Smart
Windows Embedded with Low Thermal Conductivity Materials to Improve the Energy Efficiency of
Buildings. CFD Letters, [online] 15(2), pp.41-52. doi:https://doi.org/10.37934/cfdl.15.2.4152.

Mata, T.M., Martins, A.A., Calheiros, C.S.C., Villanueva, F., Alonso-Cuevilla, N.P., Gabriel, M.F. and Silva,
G.V. (2022). Indoor Air Quality: A Review of Cleaning Technologies. Environments, [online] 9(9), p.118.
doi:https://doi.org/10.3390/environments9090118.

Abdullah, H.K. and Faraj, R.Q. (2022). The Effect of Exterior Wall Color on Thermal Performance of
Building. Tikrit Journal of Engineering Sciences, [online] 29(3), pp.15-23.
doi:https://doi.org/10.25130/tjes.29.3.2.

Stopps, H. and Touchie, M.F. (2021). Residential smart thermostat use: An exploration of thermostat
programming, environmental attitudes, and the influence of smart controls on energy savings. Energy and
Buildings, 238, p.110834. doi:https://doi.org/10.1016/j.enbuild.2021.110834.

Widartha, V.P., Ra, I., Lee, S.-Y. and Kim, C.-S. (2024). Advancing Smart Lighting: A Developmental
Approach to Energy Efficiency through Brightness Adjustment Strategies. Journal of Low Power
Electronics and Applications, [online] 14(1), p.6. doi:https://doi.org/10.3390/jlpeal14010006.

Lo Verso, V.R.M. and Pellegrino, A. (2019). Energy Saving Generated Through Automatic Lighting Control
Systems According to the Estimation Method of the Standard EN 15193-1. Journal of Daylighting, 6(2),
pp.131-147. doi:https://doi.org/10.15627/jd.2019.13.

Wheeler, M.M., Larson, K.L., Bergman, D. and Hall, S.J. (2022). Environmental attitudes predict native
plant abundance in residential yards. Landscape and Urban Planning, [online] 224, p.104443.
doi:https://doi.org/10.1016/j.landurbplan.2022.104443.

Liu, T., Chen, L., Yang, M., Sandanayake, M., Miao, P., Shi, Y. and Yap, P.-S. (2022). Sustainability
Considerations of Green Buildings: A Detailed Overview on Current Advancements and Future
Considerations. Sustainability, [online] 14(21), p.14393. doi:https://doi.org/10.3390/su142114393.

Azis, S.S.Ab. (2021). Improving present-day energy savings among green building sector in Malaysia
using benefit transfer approach: Cooling and lighting loads. Renewable and Sustainable Energy Reviews,
137, p.110570. doi:https://doi.org/10.1016/j.rser.2020.110570.

Ahmad, N.A et al. (2024). ESTABLISHING A SUSTAINABLE SOLAR ENERGY COMMUNITY IN THE
MALAYSIAN RURAL ENERGY LANDSCAPE: A CASE STUDY OF PERAK TENGAH, MALAYSIA.
PLANNING MALAYSIA JOURNAL. [online] doi:https://doi.org/10.21837/pm.v22i31.1459.

Leong, T.H., Zainordin, N.B., Mohammad, N.A. and Rasdi, M.T.M. (2024). Defining Key Elements for
Sustainable Interior Architectural Education via Systematic Literature Review. Future Cities and
Environment, 10(1). doi:https://doi.org/10.5334/fce.225.

Fauzi, N. and Ismail, F.Z. (2024). Raising Awareness and Overcoming Challenges: Recommendations
for Solar Photovoltaic (PV) System Adoption in Residential Areas. International Journal of Business and
Technology Management. doi:https://doi.org/10.55057/ijbtm.2024.6.52.25.

Zahid, S.N.M., Makmor, M. and Bari, N.A.A. (2024). The Application of Green Elements in Bungalow
Residential Projects. Built Environment Journal, 21, pp.69-78.
doi:https://doi.org/10.24191/bej.v21iSpecial%20Issue.2448.

Sukereman, A.S., Isa, M., Talif, K.A.A., Zainol, N.N. and Yunus, N.Md. (2024). challenges in sustainable
residential property development in Shah Alam: Pathways towards implementing sustainable
development goals (SDGs). International Journal of Property Science, [online] 14, pp.2229-8568.
Available at: https://jupidi.um.edu.my/index.php/IJPS/article/download/54593/17372 [Accessed 3 Nov.
2024].

Ramli, N.A., Zainol, N.N., Sukereman, A.S. and Ishak, N.A. (2024). EXPLORING ISSUES AND
ENHANCING SUSTAINABILITY: AFFORDABLE HOUSING DYNAMICS IN MALAYSIA. PLANNING
MALAYSIA, [online] 22. doi:https://doi.org/10.21837/pm.v22i34.1596.

2443



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]
[55]
[56]

[57]
(58]

[59]

[60]

[61]
[62]

[63]

[64]

(65]

Architectural Image Studies, ISSN: 2184-8645

Hamid, H.N.A., Romali, N.S. and Rahman, R.A. (2023). Key Barriers and Feasibility of Implementing
Green Roofs on Buildings in Malaysia. Buildings, [online] 13(9), p.2233.
doi:https://doi.org/10.3390/buildings13092233.

Ogunmakinde, O.E., Egbelakin, T. and Sher, W. (2022). Contributions of the circular economy to the UN
sustainable development goals through sustainable construction. Resources, Conservation and
Recycling, [online] 178, p.106023. doi:https://doi.org/10.1016/j.resconrec.2021.106023.

Ha, C.Y., Khoo, T.J. and Koo, Z.Y. (2023). Current Status of Green Building Development in Malaysia.
Progress in Energy and Environment, [online] 25(1), pp.1-9. doi:https://doi.org/10.37934/progee.25.1.19.
The Star (2024). Future housing projects may be subject to ‘Asean green building’ standard, says Nga.
[online] The Star. Available at: https://www.thestar.com.my/news/nation/2024/07/04/future-housing-
projects-may-be-subject-to-039asean-green-building039-standard-says-nga [Accessed 3 Nov. 2024].
The Edge (2024). Green housing sees rapid growth and progress, say DFGHA conference speakers.
[online] The Edge Malaysia. Available at: https://theedgemalaysia.com/article/green-housing-sees-rapid-
growth-and-progress-say-dfgha-conference-speakers [Accessed 3 Nov. 2024].

Aldhshan, S.R.S., Abdul Maulud, K.N., Wan Mohd Jaafar, W.S., Karim, O.A. and Pradhan, B. (2021).
Energy Consumption and Spatial Assessment of Renewable Energy Penetration and Building Energy
Efficiency in Malaysia: A Review. Sustainability, 13(16), p.9244. doi:https://doi.org/10.3390/su13169244.
TNB (2023). Integrated Annual Report 2023. [online] TNB. Available at:
https://www.tnb.com.my/suppliers-investors-media-relations/annual-reports [Accessed 3 Nov. 2024].
Firdaus Mazli, M. and Fauzi, N. (2022). INVESTIGATING THE AWARENESS AMONG POTENTIAL
HOMEBUYERS TOWARDS ELEMENTS OF GREEN RESIDENTIAL BUILDING. Journal of the
Malaysian Institute of Planners VOLUME, [online] 20. Available at:
https://www.planningmalaysia.org/index.php/pmj/article/download/1112/800 [Accessed 3 Nov. 2024].
REHDA (2024). MAPEX JUNE 2024 HOMEBUYER'’S SURVEY. [online] Rehdainstitute.com. Available
at:  https://rehdainstitute.com/wp-content/uploads/2024/10/a-Summary-Report_ MAPEX-June-2024.pdf
[Accessed 3 Nov. 2024].

Tobi, S., Jasimin, T.H. and Nurul, W. (2020). Overview of Affordable Housing from Supply and Demand
Context in Malaysia. [online] ResearchGate. Available at:
https://www.researchgate.net/publication/338352121_Overview_of_Affordable_Housing_from_Supply_a
nd_Demand_Context_in_Malaysia [Accessed 3 Nov. 2024].

Mariotti, T. (2023). Green Building Statistics (2023). [online] RubyHome.com. Available at:
https://www.rubyhome.com/blog/green-building-stats/ [Accessed 3 Nov. 2024].

D alessandro, D., Gola, M., Appolloni, L., Dettori, M., Fara, G., Rebecchi, A., Settimo, G. and Capolongo,
S. (2020). COVID-19 and Living Spaces challenge. Well-being and Public Health recommendations for a
healthy, safe, and sustainable housing. Acta Biomed, [online] 91. doi:https://doi.org/10.23750/abm.v91i9-
S.10115.

Energy Commission (2024). Energy Commission - Efficient Use of Electricity. [online] www.st.gov.my.
Available at: https://www.st.gov.my/eng/web/consumer/details/7/2 [Accessed 7 Nov. 2024].

GreenRE (2024). Resource | Homeowners Green Guide. [online] Greenre.org. Available at:
https://www.greenre.org/homeowners_green_guide [Accessed 7 Nov. 2024].

John W.C. Research Design . Vol. 295, 2016, www.mim.ac.mw/books/John%20W.%20Creswell’
s%20Research%20Design%203rd%20Ed.pdf. Accessed 14 Nov 2024.

Waters, Donald. Quantitative Methods for Business. 5th ed., Harlow, Financial Times Prentice Hall, 2011.
Adedoyin, Olasile Babatunde . "(PDF) Qualitative Research Methods." ResearchGate, 2020,
ww.researchgate.net/publication/340594471_ Qualitative_Research_Methods. Accessed 14 Nov 2024.
Saris. W. E. "Design, Evaluation, and Analysis of Questionnaires for Survey Research."
ResearchGate,2007,www.researchgate.net/publication/264966431_Design_Evaluation_and_Analysis_o
f_Questionnaires_for_Survey_Research. Accessed 14 Nov 2024.

Oberiri Destiny Apuke. "Quantitative Research Methods: A Synopsis Approach." Research
Gate,2017,www.researchgate.net/publication/320346875_Quantitative_Research_Methods_A_Synopsi
s_Approach. Accessed 14 Nov 2024.

Eteng, O. (2022). Quantitative Data Analysis: Methods & Techniques Simplified 101. [online] Learn | Hevo.
Available at: https://hevodata.com/learn/quantitative-data-analysis/ [Accessed 14 Nov. 2024].

Curwin, J. and Slater, R.H. (2013). Quantitative methods for business decisions. Andover: Cengage
Learning.

Cybellium Ltd (2023). Mastering Quantitative Research. J[online] Cybellium Ltd. Available
at:https://www.google.com.my/books/edition/Mastering_Quantitative_Research/E7fnEAAAQBAJ?hI=zh
CN&gbpv=1&dg=descriptive+data+analysis+in+quantitative+research+example&pg=PA156&printsec=fr
ontcover [Accessed 14 Nov. 2024].

Lay, Y.F. and Khoo, C.H. (2010). Introduction to statistical analysis in social sciences research. Selangor:
Venton.

Patil, M., Boraste, S. and Minde, P. (2022). A comprehensive review on emerging trends in smart green
building technologies and sustainable materials. Materials Today: Proceedings, [online] 65(2).
doi:https://doi.org/10.1016/j.matpr.2022.04.866.

2444



[66]

(67]

[68]

(69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]

[77]

[78]

[79]

(8]

(81]

(82]

(83]

(84]

(85]

(86]

Architectural Image Studies, ISSN: 2184-8645

Kaur, S. (2024). Adoption of sustainable practices no longer optional: CIDB. [online] NST Online. Available
at: https://www.nst.com.my/business/corporate/2024/08/1090154/adoption-sustainable-practices-no-
longer-optional-cidb [Accessed 19 Oct. 2024].

Chuweni, N.N., Mohamed Saraf, M.H. and Fauzi, N.S. (2022). Motivations for Green Real Estate
Investments in Residential Properties: A Review. Pertanika Journal of Social Sciences and Humanities,
[online] 30(3), pp.1003-1016. doi:https://doi.org/10.47836/pjssh.30.3.

Daminato, C., Diaz-Farina, E., Filippini, M. and Padrén-Fumero, N. (2021). The impact of smart meters
on residential water consumption: Evidence from a natural experiment in the Canary Islands. Resource
and Energy Economics, [online] 64, p.101221. doi:https://doi.org/10.1016/j.reseneeco.2021.101221.

Gill, K. (2025). What Is a Home Automation System? Learn More About This Money-Saving Feature.
[online] Better Homes & Gardens. Available at: https://www.bhg.com/how-a-home-automation-system-
reduces-energy-consumption-8749636?utm_source [Accessed 23 May 2025].

Green Building Index (2011). GBI Assessment Criteria for NON-RESIDENTIAL EXISTING BUILDING
(NREB). [online] Available at:
https://www.greenbuildingindex.org/Files/Resources/GB1%20Tools/GBI1%20NREB%20Non-
Residential%20Existing%20Building%20To0l1%20V1.1%20Final.pdf [Accessed 2 Jul. 2025].

GreenRE (2025). GREENRE HOMEOWNERS GUIDE TO A GREENHOME. [online] GreenRE. Available
at:

https://www.greenre.org/assetuploads/files/: GREENRE%20HOMEOWNERS%20GUIDE%20T0%20A%
20GREEN%20HOME%20(A4)%20(1).pdf [Accessed 22 May 2025].

Khoja, A. and Danylenko, O. (2024). Charting climate adaptation integration in smart building rating
systems: a comparative study. Frontiers in Built Environment, 10.
doi:https://doi.org/10.3389/fbuil.2024.1333146.

Msamadya, S., Jin Chul Joo, Jung Min Lee, Lee, S., Kim, S., Hyeon Woo Go and Seul Gi Lee (2023).
Estimated Impacts of Smart Water Meter Implementation on Domestic Hot Water Consumption and
Related Greenhouse Gas Emissions from Case Studies. Water, 15(17), pp.3045-3045.
doi:https://doi.org/10.3390/w15173045.

Tuomela, S., de Castro Tomé, M., livari, N. and Svento, R. (2021). Impacts of home energy management
systems on electricity consumption. Applied Energy, 299, p.117310.
doi:https://doi.org/10.1016/j.apenergy.2021.117310.

Chandola, T. and Booker, C. (2022). Archival and secondary data. London Sage Publications.

Johnston, M.P. (2017). Secondary Data Analysis A Method of Which the Time Has Come. Qualitative and
Quantitative Methods in Libraries, 3, 619-626. - References - Scientific Research Publishing. [online]
www.scirp.org. Available at: https://www.scirp.org/reference/referencespapers?referenceid=2693953
[Accessed 30 May 2025].

Akpan, A., None Chinedu Nnamdi Nwasike, Tula, Oladipo, N. and Joachim, N. (2024). A REVIEW OF
SMART GREEN BUILDING TECHNOLOGIES: INVESTIGATING THE INTEGRATION AND IMPACT OF
Al AND IOT IN SUSTAINABLE BUILDING DESIGNS. Computer Science & IT Research Journal, 5(1),
pp.141-165. doi:https://doi.org/10.51594/csitrj.v5i1.715.

Creswell, J.W. and Creswell, J.D. (2018). Research design: qualitative, quantitative, and mixed methods
approaches. 5th ed. Thousand Oaks, California: SAGE Publications.

Chakraborty, A., Islam, M., Shahriyar, F., Islam, S., Zaman, H.U. and Hasan, M. (2023). Smart Home
System: A Comprehensive Review. Journal of Electrical and Computer Engineering, [online] 2023,
p.e7616683. doi:https://doi.org/10.1155/2023/7616683.

Imafidon, H., Enwerem, M. and Boye, A. (2024). Adapting Green Building Practices and Smart
Technology in Developing Countries: A Review. [online] 16(1), pp.183-202.
doi:https://doi.org/10.62154/ajesre.2024.016.010407.

Jerry (2023). How Much Money Can You Save with a Smart Home? - SwitchBot Blog. [online] SwitchBot
Blog - Come along with SwitchBot, and learn how to start your smart home. Available at:
https://blog.switch-bot.com/how-much-money-can-you-save-with-a-smart-home/ [Accessed 6 Jun. 2025].
Li, M., Gu, W., Chen, W, He, Y., Wu, Y. and Zhang, Y. (2018). Smart Home: Architecture, Technologies
and Systems. Procedia Computer Science, 131, pp.393-400.
doi:https://doi.org/10.1016/j.procs.2018.04.219.

ELORBANY, K., BAYILMIS, C. and BALTA, S. (2021). A Smart Plug Equipped With IoT Technologies for
Energy Management of Electrical Appliances. Sakarya University Journal of Computer and Information
Sciences. doi:https://doi.org/10.35377/saucis...863272

Ma, M., Huang, B., Wang, B., Chen, J. and Liao, L. (2018). Development of an Energy-Efficient Smart
Socket Based on STM32F103. Applied Sciences, 8(11), p.2276. doi:https://doi.org/10.3390/app8112276.
Pohl, J., Frick, V., Hoefner, A., Santarius, T. and Finkbeiner, M. (2021). Environmental saving potentials
of a smart home system from a life cycle perspective: How green is the smart home? Journal of Cleaner
Production, 312, p.127845. doi:https://doi.org/10.1016/j.jclepro.2021.127845.

Smart Energy International (2020). How smart homes save energy. [online] Smart Energy International.
Available at: https://www.smart-energy.com/features-analysis/how-smart-homes-save-energy/ [Accessed
2 Jul. 2025].

2445



[87]

(88]

(89]

Architectural Image Studies, ISSN: 2184-8645

Khoja, A. and Danylenko, O. (2024). Charting climate adaptation integration in smart building rating
systems: a comparative study. Frontiers in Built Environment, 10.
doi:https://doi.org/10.3389/fbuil.2024.1333146.

Lam, W.H., Wong, C.F., Tan, O.K. and Yap, B.H. (2024). Study on the Benefits of the Implementation of
Green Building Rating in Malaysia. The Journal of The Institution of Engineers Malaysia, [online] 85(1).
doi:https://doi.org/10.54552/v85i1.226.

Wo, Z.X. (2021). Assessment of Smart Buildings Purchase in Malaysia - TAR UMT Institutional
Repository. Tarc.edu.my. [online]
doi:https://eprints.tarc.edu.my/18850/1/RQS%23W0%20Zi%20Xuan%2318WVR12894.pdf.

2446



