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Abstract: The development of sustainable energy systems is very important to addressing the
economic, environmental, and social pressures of the energy sector. Globally, buildings consume up
to 40% of the world’s total energy. By 2030, it is expected to increase to 50%. Therefore, the world is
facing a great challenge to overcome these problems related to global energy production. Malaysia
is one of the top consumers of primary energy in Asia. In 2018, primary energy consumption for
Malaysia was 3.79 quadrillion btu at an average annual rate of 4.58%. In this paper, we have carried
out a detailed literature review on several previous studies of energy consumption in the world,
especially in Malaysia, and how geographical information system (GIS) methods have been used
for the spatial assessment of energy efficiency. Indeed, strategies of energy efficiency are essential in
energy policy that could be created using various approaches used for energy savings in buildings.
The findings of this review reveal that, for estimating energy consumption, exploring renewable
energy sources, and investigating solar radiation, several geographic information system techniques
such as multiple criteria decision analysis (MCDA), machine learning (ML), and deep learning (DL)
are mainly utilized. The result indicates that the fuzzy DS method can more reliably determine the
optimal PV farm locations. The 3D models are also regarded as an effective tool for estimating solar
radiation, since this method generates a 3D model exportable to software tools. In addition, GIS
and 3D can contribute to several purposes, such as sunlight access to buildings in urban areas, city
growth prediction models and analysis of the habitability of public places.

Keywords: energy consumption; greenhouse gases; renewable energy; GIS; energy efficiency; Malaysia

1. Introduction

Rapid urban development and the increasing population require a continuous supply
of energy. In recent decades, fossil fuels as nonrenewable sources accounted for more
than 80% of the total energy demand around the world which has led to many problems
associated with their use, such as emissions of greenhouse gases and environmental pol-
lution. Energy is regarded as one of the most significant resources required by modern
human society. It is a crucial element that supports the economy and promotes sustainable
development in several countries. Modeste et al. [1] noted that energy is the most signifi-
cant resource for developing countries, especially with the rapid increase in the world’s
population. Many aspects of human society, such as transportation, building conditioning,
and manufacturing, require energy, either directly or indirectly [2]. Numerous studies
have explored the relationship between rapid urbanization, population, economic growth
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and energy consumption [3,4]. Increasing population growth and urbanization are related
to the energy consumption of buildings [5,6]. Kavousian et al. [5] identified four major
factors that influence the energy use of buildings: (1) occupants’ behavior towards energy,
(2) location and weather (3) physical characteristics, and (4) appliance and electronics stock.
A study by Han et al. [6] estimated how urbanization affects energy consumption and
emissions from energy use regarding several factors, such as population and socioeconomic
development, by comparing the energy consumption between Association of Southeast
Asian Nations (ASEAN) countries. The results showed that nonagricultural fields, such
as the building sector, companies, and factories, have the largest impact on increasing
emissions and energy consumption.

Energy consumption is the main reason for life threatening environmental problems
on Earth, such as climate changes, air pollution, global warming and greenhouse gases [7].
Thus, the reduction of CO2 emissions has become a significant issue worldwide [8]. Olivier
and Peters [9] stated that, in 2017, the emission of carbon dioxide was 73%, methane was
18%, nitrous oxide was 6%, and fluorinated gases were 3%. Several factors contribute to
emitting CO2, such as emissions from commercial and residential buildings, the generation
of electricity, transportation, and heavy industries [10]. Energy use in the residential and
commercial sector reflects a significant proportion of primary energy consumption. In
Europe, building sectors produce 40% of the total primary energy consumption and 34%
of CO2 emissions [11]. Malaysia is a tropical country located in southeast Asia near the
equator. The main reasons for the growing energy demand in Malaysia are population
growth and economic development [12]. In Malaysia, buildings consume 14.3% of the total
energy and 53% of electrical energy is being consumed by the commercial and residential
sectors [13]. Therefore, building energy efficiency is critical to improve the environment
and to reduce energy use.

Air pollution is considered as a main implication for health and a global and localised
issue. It is the fourth largest risk factor for human health worldwide. Around 6.5 million
premature deaths occur due to this environmental problem. Therefore, it becomes a major
and a serious threat to the stability of global climate [14], ecosystem services [15], living
plants [16], and economic development [17]. Air pollution reduction, basically caused by
energy consumption and generation, plays an important role in supporting sustainable
development [18]. The increase in anthropogenic GHG emissions has been observed since
the industrial revolution, particularly CO2, the most abundant and dominant among these
GHG. The global average atmospheric carbon dioxide in 2019 was 409.8 parts per mil-
lion [19]. The IEA energy statistics database clarifies the latest statistics for three leading
GHG emissions from energy consumption, per GDP, r from 2000 to 2017 [20]. Among the
Asian countries, China is regarded as the largest contributor to CO2 emissions, followed
by India, Indonesia, Thailand, and Malaysia, respectively [21]. Several studies have been
conducted to clarify the relationship between CO2 emissions and rapid urbanization. For
instance, Miao [22] concluded that the urban population in a built up area contributes to
CO2 emissions. Another study, by Hez et al. [23], clarified the influence of urbanization on
CO2 emissions: they found an inverted U-shaped relationship between CO2 emissions and
urbanization. A study conducted by Lorenzo-Sáez et al. [24] aimed to establish a devel-
oped methodology depending on the geographical information system (GIS) to map the
consumption of energy and the emissions of greenhouse gases in buildings in Spain. The re-
searchers demonstrated that buildings have an essential role in adapting societies to climate
change through achieving higher energy efficiency. The results indicated that residential
buildings have low levels of energy efficiency and emit an average of 45 kg CO2/m2. Cli-
mate change is considered as one of the world’s biggest challenges. Greenhouse gases such
as nitrous oxide, methane, CO2, and others have raised global temperatures by around 1 ◦C
since pre-industrial times [25]. On the other hand, a changing climate plays a significant
role in potential physical, ecological, and health impacts, including weather phenomenon
such as storms, floods, heat waves, droughts, and heat waves [26]. According to the Global
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Temperature Report (2019), the year 2019 was characterized as the second warmest year in
the last 140 years across most of the global land and ocean surfaces.

Recently, in Malaysia, air pollution has become a major environmental problem due
to several factors, such as the burning of natural gas, petroleum, coal, lignite, and animal
and agricultural wastes [27]. In Malaysia, CO2 emissions were about 118 million tonnes in
2006 [28]. This means that the amount of CO2 emissions per person was about 7.2 tonnes.
According to a report released by World Data Atlas, the percentage is still increasing
significantly and in 2019 reached about 248.8 million tonnes. The International Energy
Agency (IEA), in 2015, showed that, in general, CO2 emissions in Malaysia come from
energy burning activities, especially from the transport sector. A study conducted by
Zakaria et al. [29] clarified that in Malaysian buildings, greenhouse gas emissions had
contributed more than 40% of the carbon gases in the environment.

Several countries have established specific plans, strategies, policies, and control
measures that utilise a mixture of nonrenewable and renewable energy sources [30,31].
Each country develops its own energy techniques by ensuring that energy resources are
available in sufficient quantities according to the needs of the user. Renewable energy
sources and alternative sources of fossil fuels have been popularly used as well [32,33]. The
proposed geographic information systems and multicriteria analysis are regarded as a better
choice to improve the energy efficiency of buildings and to protect the environment. A
geographic information system has been regarded as a tool for locating and managing sites
for several applications, such as exploring optimal locations for renewable resources [34]
and urban planning [35].

2. Background of the Study

The growth of population and urbanization has an increasing share of global energy
consumption, and all indications show that this trend will not change. In general, it is
noted that energy consumption and greenhouse gas emissions are among the biggest
problems facing the world today, so there is a tendency to use renewable energy as a
source of energy production. GIS is often utilized in the energy field to filter data by
building typologies, visualizing consumption [36], predicting the potential environmental
and economic impacts of adopting the use of RE sources [35], or providing energy mapping
of built units such as blocks, individual buildings, etc. [37]. This paper summarizes the
outcomes of several previous studies and compares their results. The novelty of the
proposed methodology deals with data processing, as the main aim is to clarify the role of
GIS for energy efficiency in buildings and how it is combined with analytical models to
reduce energy consumption, which is essential to support decision makers and planners.
In this context, the contributions offered by this paper are feasible and effective for workers
in the field of GIS. The main objectives are stated as follows:

• To estimate building energy consumption in Malaysia using GIS tools.
• To find out how modern technology and GIS tools can be used to reduce the consumed

energy that leads to several environmental pollutions and what the best tools are to
achieve this aim.

• To estimate the percentage of electricity generation using renewable energy sources,
especially solar panels.

The outcomes of this paper are as follows: (a) estimating energy consumption by
using GIS, (b) the benefits of using GIS for the assessment of RES potentials, and (c) GIS
tools used for estimating solar radiation and the optimal location of PV.

The organization of the rest of the paper is as follows: Section 3 presents the research
design, the structure of the framework used in this paper, a detailed review of renewable
sources and the roles of GIS for energy efficiency; Section 4 discusses the result of this
paper after reviewing previous studies; and Section 5 presents a summary of the study and
the future work directions of the study.
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3. Research Design

This paper presents the body of information collected from several sources, including
books, journals, websites, and reports published as articles. The total number of articles is
177 and more than 130 are Scopus from the period 2008 to 2021. The main keywords used
during the research are energy consumption, Malaysia, greenhouse gases, CO2 emissions,
geographic information system (GIS) application, policies, and energy efficiency. Three
main topics are defined in this section to clarify the results: the first topic is the primary en-
ergy consumption of buildings, especially in Malaysia, and how it affects the environment,
the second deals with energy efficiency and renewable energy as an alternative source to
produce energy, and the third topic presents the role of GIS in estimating solar radiation
and the assessment of energy efficiency. The main structure of the framework in this paper
is shown below in Figure 1.
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Figure 1. The structure of the framework for the critical review.

Malaysia is in southeast Asia, near the equator, with coordinates of 2◦30′ N and
112◦30′ E and a total area of 329,750 sq. km. In general, its climate is humid and hot
throughout the year, with an average rainfall of 250 cm per year and an average temperature
of 27 ◦C [38]. The total land area of Malaysia is 329,847 square kilometers (127,350 sq mi).
Malaysia is regarded as the second largest producer of natural gas and oil in southeast Asia
and the fifth largest exporter of liquefied natural gas in the world, as of 2019 [39].

3.1. Buildings Energy Consumption (BEC)

It was clear that 2018 was an extraordinary year for energy consumption. Global
energy demand for the consumption of all fuels rose at almost twice the average rate for
this decade. Even though growth in renewables has outpaced growth in all other aspects of
energy since 2010, the share of fossil fuels in global primary energy demand is still above
80%. The United States Environmental Protection Agency (EPA, 2018) reports that energy
consumption is the main reason for GHG and haze/smog emissions around the world. The
production of heat and electricity from natural gas and oil account for 25% of the global
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GHG emissions, trailed by energy related industries that include the burning of fossil
fuels for energy (21%), transportation which includes burning of fossil fuels for several
transportations (14%), other energy-consuming sectors (10%) and buildings including the
generation of outside energy and internal burning for heat and cooking (6%) [40].

The World Energy Outlook (2018) reports that global demand for energy grew by 2.3%
in 2018, an extraordinary year for energy. The United States, China, and India accounted for
70% of the overall energy demand growth [41]. The Institute of Energy Economics Japan
(IEEJ OUTLOOK, 2019) predicts that China will remain as the world’s largest consumer,
peaking at 4.0 Gtoe in the 2040s [42]. Consumption is also expected to increase in India, the
ASEAN region, and the Middle East and North Africa (MENA) region due to their quick
population growth and economic growth. In contrast, energy consumption in developed
countries, such as the European Union and the United States, is predicted to be reduced [42].
In recent years, the demand for housing has increased due to the increasing population,
which has led to an increase in the demand for energy use by the world’s inhabitants. The
building sector is a major contributor to energy consumption [43]. In the US and EU, the
demand for energy of commercial and residential buildings accounts for 40% of the total
energy consumption [44]. To provide the correct energy instructions, it is essential to study
the characteristics of buildings, such as building interfaces, their design, e.g., location, and
occupant behavior [45–47]. In the European Union (EU), energy production and use are
responsible for 80% of all GHG emissions. This represents around 40% of the final energy of
the European Union and 36% of CO2 emissions. In contrast, it has recorded levels below the
2020 target in the past. Final energy consumption peaked in 2006 (1.046 Mtoe or 9.1% over
the 2020 target) [48]. Nematchoua et al. [49] reviewed energy consumption in commercial
and residential buildings in Madagascar to establish a comprehensive database on energy
demands and to estimate the cooling energy in some buildings. They revealed that energy
consumption in commercial buildings is the highest and cooling energy demand increases
the most in residential buildings. Until at least 2050, fossil fuels will remain as the main
source of energy demand [50].

Buildings Energy Consumption in Malaysia

Over the last few decades, several southeast Asian countries have experienced ur-
banisation and rapid economic growth, which are the main reasons for increasing energy
consumption, particularly in urban areas [51]. Commercial and residential projects directly
affect energy demand. Hence, there are several policies and many approaches which have
been undertaken by authorities to address this issue [52]. Several studies have clarified the
relationship between CO2 emissions, economic growth, and energy consumption in Asian
countries [50,51]. Malaysia has high rates of energy consumption because of the service
based economy and manufacturing. Malaysia, as an industrial country, faces the same
situation in energy industries regarding the depletion of fossil fuel and the global environ-
ment issue [13]. Energy demand in Malaysia is expected to reach up to 116 million tonnes
of oil equivalent (Mtoe) by 2020. In the same country, the electricity consumption of res-
idential buildings is 24,709 Gigawatts (GWh), whereas the consumption of commercial
buildings reaches up to 38,645 gigawatts (GWh) [53,54]. Ahmad et al. [55] showed that,
in Malaysia, buildings consume a total of 48% of the electricity generated in the country.
Shahedan et al. [56] clarified that electricity demand in Malaysia was predicted to rise from
91,539 GWh in the year 2007 to 108,732 GWh in 2011. According to statistics, the demand
for electricity is also growing, at a rate of 2.1% per annum based on the Stated Policies
Scenario. In 2040, this increase is expected to raise the electricity demand to 13,000 terawatt-
hours (TWh) [18]. Haiges [57] predicted that Malaysia can replace unclean energy sources
(fossil fuels) to meet electricity demand needs with 100% clean energy. Electricity demand
in Malaysia is the highest among the five ASEAN founding economies, with a significant
increase in per capita electricity consumption [58].

Malaysia has experienced robust economic growth over the past decade. Malaysia’s
energy industry has been a major contributor to the growth of the country. The industrial
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sector is the second largest energy consumer in Malaysia [59]. It is a very broad sector,
ranging from manufacturing to construction and mining. In 2011, energy input into
the industrial sector was 21.9 Mtoe. The main energy form in this sector was electricity,
followed by coal, natural gas, and oil products. The iron and steel industry, cement
industry, food production industry, and pulp and paper industry were the main energy
consumers in the industrial sector, consuming 92% of industrial energy [60]. According
to the Energy Commission of Malaysia, the primary source of power demand was the
industrial sector, and it accounted for about 49% of the total in 2017. Residential and
commercial demand were 21% and 30%, respectively. Agriculture and transportation
accounted for less than 1% of power demand. Regarding the Figure 2, it is clear that,
in 2017, the energy consumption by fuel sources increased compared to 1997. In 2017,
Malaysia produced 49.40% by petroleum. A total of 26.90% Mtoe of primary energy used
was natural gas, in 2017, followed by electricity which generated 20.20%.
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In contrast, the energy consumption produced by sectors such as buildings, transport,
and industry sectors in Malaysia have increased from 26.167 ktoe to 62.489 ktoe between
2007 and 2017 [61]. Transport was the largest energy consumer for both years, followed
by the industry sector, which consumed 38,60% in 2007 and reduced to 28% in 2017.
Residential and commercial buildings consumed 11.70% in 2007 and 12.50% in 2017 of
primary energy consumption, as illustrated in Figure 3.
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3.2. Renewable Energy and Energy Efficiency

According to Mohsin et al. [62], several countries are dependent on fossil fuels to
ensure sustainable social and economic development. Continuing energy demand and
dependence on fossil fuels are leading to an increase in CO2 emissions. With that being
said, governments have been developing policies to face the problem of supporting the use
of renewable energy [18,63]. Naturally, several types of renewable energy resources can be
utilised to produce clean energy, such as solar, wind, and wave energy [64]. Renewable
technologies are substantially safer because they offer a solution to many social and
environmental problems, such as fossil and nuclear fuels. Greenhouse gas (GHG) emissions,
such as CH4, N2O, and CO2, are generated by the burning of fossil fuels. These emissions
have caused a significant increase in temperature [65]. Renewable energy has a significant
role in reducing the use of fossil fuels and carbon dioxide emissions. Foley and Olabi [66]
studied several methods for increasing the utilisation of renewable energies to reduce
environmental pollution through striking a balance between the energy supply of buildings
and energy consumption. According to the World Energy Outlook (2019), hydropower is
still the largest source of renewable based power generation, with 20 GW of new capacity
in 2018, 25 GW in 2017 and 36 GW in 2016 [18]. The second largest renewable energy
power source is wind power with 50 GW. As for offshore wind, it continues to pick up,
with 4.3 GW of new capacity. In 2018, solar PV capacity expanded by almost 100 GW;
China formed 44 GW, or nearly half of the increase, although this number is lower than in
2017 [67].

Energy from the sun, the main source of all energy types, can be utilised by several
techniques, such as using heat from the sun as thermal energy or using sunlight to directly
generate electricity. Sunlight is regarded as the largest source of renewable energy with
its applications in buildings. Photovoltaic panels and solar thermal collectors are the
two technologies most applied in buildings that shift solar radiation into usable energy
(thermal, electrical) for water heating, space heating, and several applications [68]. Solar
energy is regarded as the forefront of renewable energy sources viable to replace fossil
fuels, because it provides an unlimited supply without environmental pollution. Šúri and
Hofierka [69] defined solar energy as one of the environmentally sustainable resources
utilised to produce electricity using photovoltaic systems. Indeed, large amounts of energy
are consumed through urban buildings. Using photovoltaic (PV) cells, solar cells are
common in the solar energy field. Photovoltaic cells are electronic devices that aim to
transform sunlight directly into electricity. Solar photovoltaic technology is an expensive
and complex device that needs advanced technology for manufacturing and installation.
Several environmental factors have a significant role in the performance of solar panels,
such as cloudiness, wind speed, and sunshine intensity. On the other hand, the distribution
and intensity of solar radiation are two major factors determining the efficiency of the solar
PV industry [70,71].

Ho et al. [72] outlined the recent challenges, efforts, and future prospects of solar
energy in several countries, such as Indonesia, Malaysia, Colombia and Nigeria. According
to the study, the potential for solar energy is high in Indonesia, Malaysia and Colombia
since they are located along the equator. Regarding wave energy, several researchers have
estimated the amount of energy produced by waves in several regions of Spain [73]. A
number of wave models have also been utilized for the consistent assessment of wave
resources at the national level of the Australian Shelf [74].

Renewable Energy and Polices for Energy Efficiency in Malaysia

Promoting renewable energy will not only help green growth, but also lead to reduced
environmental risks and improved levels of growth. Asia is regarded as the largest and
most populated continent. About 60% of the world’s population live in Asia [75]. Some
Asian countries, such as Japan, India, China, and South Korea are among the top energy
consumers and account for 72.5% of the total energy consumption [76]. Regarding de-
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mands for electricity, rapid population growth, as well as plans for decreasing GHG and
CO2 emissions, renewable energies have attracted much attention in Asia [77].

In Malaysia, the main renewable sources, such as solar energy, oil palm, wind energy,
and hydropower, are also suitable for applications. Malaysia has a powerful potential to
establish large scale solar power because of its location in the equatorial region. Several
reasons have made solar energy the best option for future energy generation, such as the
low maintenance cost, environmentally friendly factors, the constant supply of sunlight,
and contributions to lower carbon emissions. Malaysia has an average solar radiation of
400–600 MJ/m2 per month [78]. The Malaysian government pays a great deal of attention
to developing solar energy as one of the most important renewable sources of energy. In the
Ninth Malaysia Plan (9MP), great importance was given to implementing solar energy [79].
The Malaysian Building Integrated Photovoltaic (MBIPV) Project, announced as a tool
of the Malaysian government for developing solar energy, consists of three categories:
national “SURIA1000”, MBIPV showcase and MBIPV demonstration [78]. The Economic
Planning Unit (EPU) has also played a significant role in formulating strategies and policies
to develop using renewable energy (RE) in Malaysia [80]. Malaysia is in an area with
low wind speeds and, therefore, it faces several challenges in developing and using wind
energy. These challenges include selecting the most appropriate wind turbine generator
(WTG) and establishing essential support through the policy and regulatory framework.
The greatest challenge to developing the use of RE in Malaysia, including wind energy, is
that Malaysia depends on fossil fuels for over 90% of its power generation [81].

In recent years, Malaysia has been regarded as one of the largest solar PV manufactur-
ers in the world. It has one of the most resource efficient solar farms in the world. One of
the largest is in Ayer Keroh, with 29,092 solar panels, producing enough energy to power
1800 houses every day. Malaysia plays an essential role in the solar energy industry and
recently ranked third in the production of solar cells and photovoltaic. According to the
Malaysian Solar PV Roadmap 2017, Malaysia will be a manufacturing center for solar cells
by 2030. The Renewable Energy Policy and Action Plan (NREPAP) states that the electricity
produced from renewable sources such as mini hydro, biogas, solar PV, solid wastes, and
biomass may be 11,227 GWh by 2020. The rise in generating electricity from solar energy
refers to the irradiance levels and the availability of sufficient sunlight [63].

Saidur et al. [82] mentioned that there are two main categories of solar energy ap-
plications in Malaysia: photovoltaic (PV) technologies and solar thermal applications.
Regarding photovoltaic, it is a technological application where arrays of cells containing
solar photovoltaic material transform the solar radiation to direct electricity. The first
time photovoltaic technology was used in Malaysia was in the 1980s with the purpose
of providing electricity to communication towers, rural areas, and consumer products.
Recently, a greater effort has been made to encourage the use of PV by supporting direct
capital subsidies measures. Regarding solar thermal, it is an application that consists of
cooling systems and solar heating, such as solar water heaters, solar pool heating, solar
refrigerators, solar space heating, and cooling and ventilation [83]. Many factors have a
significant role in influencing the growth of renewable energy in Malaysia, such as project
financing, public investments, and environmental taxes [84]. Photovoltaic systems are
responsible for producing power depending on climatic conditions, since they do not work
during cloudy periods or at night [85]. Samrat et al. [86] combined a PV system with a
wave renewable energy converter device and battery bank. Their results indicated that the
overall hybrid framework could work under variable weather.

Malaysia, as a tropical country, is currently the largest exporter and producer of palm
oil in the world. It produces about 47% of the global supply. Palm oil is used in several
industrial fields and is considered as an excellent renewable energy source. Additionally, it
has a significant role in reducing CO2 emissions and in socioeconomic development [10].
Another kind of renewable resource in Malaysia that can be used to produce clean energy is
wave energy. It has become one of the most important low emissions resources. The average
annual wave energy that can be generated by Malaysian territorial waters within the time
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range of the year 1992 until 2007 is between 2.8 kW/m to 8.6 kW/m [87]. Mirzaei et al. [88]
investigated the wave energy potential along the east coast of peninsular Malaysia by
utilising NOAA WAVEATCH III (NWW3), a third generation numerical wave model. The
study clarified that with increasingly advancing wave energy converter (WEC) technologies
in the future, it may still be viable to extract wave energy.

Malaysia is blessed with a good mix of energy resources, ranging from traditional
sources such as natural gas, coal and oil to renewable energy resources such as hydropower
plants, solar power plants and biomass. Recently, the world has been turning to generate
electricity using renewable energy sources. Globally, around one quarter of electricity
comes from renewables [89]. Malaysia plays a vital role in the solar energy industry and is
currently ranked third in the production of solar PV cells and modules. Several studies
present that Malaysia has a huge potential to generate large scale solar power owing
to the location of Malaysia in the equatorial region [90,91]. According to the Malaysian
Solar PV Roadmap 2017, Malaysia will be a hub for solar cell manufacturing by 2030.
Electricity generated from renewable energy sources, such as biomass, solar PV, biogas and
micro hydro, could reach 11,227 GWh by 2020. Nowadays, solar panels in Malaysia can
convert around 20% of the energy into electricity. The increase in electricity generation
from solar is due to the availability of sufficient sunlight and irradiance levels throughout
the year [63]. The PV system is solar electricity that has been utilized on buildings owing to
the several benefits accorded by it, such as reducing the cost of electricity bills and cooling
the building [92].

Improvements in energy efficiency refer to a reduction in the energy utilised for a
given service, such as lighting and heating. The decrease in energy consumption is usu-
ally related to technological changes, as well as nontechnical factors such as improved
organisation and management in the sector [93]. The International Energy Agency (IEA,
2013) highlights that the global energy consumption of residential buildings is greater than
commercial ones [94]. To reduce the energy consumption of buildings, several international
institutions have defined various sets of specific rules. The concept of zero energy build-
ings (ZEB) has established itself as an effective reference to achieve the balance between
needs and self sufficiency for a building [95]. Building energy regulations are used as a
policy to control buildings’ energy consumption [96]. Energy regulation is regarded as an
essential link between the energy consumption of buildings and building performance
assessment tools such as the Sustainable Building Tool (SBTool), the Leadership in Energy
and Environmental Design (LEED), and GreenStar [97]. Another study conducted by Iwaro
and Mwasha [98] stated that energy regulation in buildings, such as codes and energy
standards, has a significant role in decreasing building energy consumption. Additionally,
it is widely utilised as a tool in several developed countries.

The terms, energy efficiency and renewable energy (RE) share the same objective,
which is to decrease demand for energy and to protect the environment from carbon emis-
sions. Challenges of sustainability, energy security, CO2 emissions, climate changes, and
the rapid depletion of fossil resources are the main factors that have forced the governments
in the countries to take into consideration building energy efficiency. Malaysia is regarded
as one of the most consuming countries of energy per capita in Asia [99]. The government
of Malaysia is leading energy efficiency measures by developing a set of policies. In 1979,
the National Energy Policy (NEP) established a long term energy strategy to ensure safe,
efficient, and environmental sustainability. The goal of energy use is to be more efficient.

According to the Fifth Fuel Policy (FFP) in 2000, the potential of renewable energy
sources is enhanced in the energy supply. The Energy Commission Act (ECA), implemented
in 2001, provides performance, safety and technical regulations for electrical energy and
gas supplies. In addition, it deals with renewable sources challenges and energy efficiency.
In 2006, the National Biofuel Policy (NBP) aimed to reduce dependency on fossil fuels and
encourage palm oil demand. Besides that, the National Green Technology Policy (NGTP),
from 2009, had a target to improve conserving resources and the environment, with the
use of low carbon technology.
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3.3. GIS Techniques for Energy Efficiency Management

GIS refers to several different processes, technologies, visualization, and analyses
related to planning, management, and engineering. It is useful for achieving the goal of
planning energy oriented and sustainable future cities, estimating the technical potential of
solar PV on rooftops [100], assessing high spatial and temporal resolution anthropogenic
heat discharge [101], assessing energy systems [102], mapping building view factors [103],
analysing the environmental impacts of buildings [104] and modelling urban energy
retrofits [105].

From the analysis of the previous studies, it is noted that the energy demand and the
possibility of retrofitting buildings at the urban scale are evaluated for both large cities
and urban districts. For understanding energy use in cities, many tools for modelling
energy use in urban areas have been developed. Most of these evaluations are based on
2D georeferenced maps of the building stock, which are generally very essential in GIS
software. Saretta et al. [106] provided an innovative contribution related to identifying the
common methods, tools and approaches, and defining an integrated approach which can
be more efficient to laying the foundations for an integrated assessment of the adaptation
of urban BIPV interfaces.

Mastrucci et al. [107] identified the energy consumption profile and savings potential
of large residential stocks by utilising 2D maps of the building stock, GIS based, bottom
up, statistical models using a multiple linear regression method. Other studies have been
conducted to indicate that GIS can also be utilised to add and to obtain 2.5D urban models
or can be used to carry out analysis of the energy demand. For instance, Ascione et al. [108]
presented a framework for urban energy use modelling (UEUM) that integrates build-
ing and transportation energy use in urban and neighborhood contexts. The integrated
framework employs machine learning (ML) techniques for building operational energy
use modelling at the urban scale. Chicago was a case study due to its large differences in
urban spatial patterns across its neighbourhoods. The results indicated that the character-
istics of buildings, such as building height and size, and socioeconomic variables, such
as employment variables, education and household income, have the greatest effect on
building EUI.

Braulio-Gonzalo et al. [109] estimated the energy demand for cooling, heating, and the
indoor thermal comfort of residential buildings. They considered building characteristics
such as building type, orientation and urban context and shape factor (S/V). The researchers
utilised a 2.5D map georeferenced database, GIS software, simulation software and a GIS
based prediction method. Chen et al. [110] presented the retrofit energy analysis feature
of City Building Energy Saver (CityBES), a new open web based platform used to allow
users to automatically generate and simulate urban building energy models (UBEM). For
selecting and analysing energy retrofits for each building, they used a 3D city model
definition of UBEM based on the CityBES platform and GIS software. Peronato et al. [111]
investigated the estimated error in assessing the solar potential based on 3D models used
to simulate solar radiation on all building surfaces. Correspondingly, the researchers
aimed to analyse the impact of grid resolution on predicted solar irradiation. Indeed, the
simulation of solar irradiation depends on several inputs, including 3D representation data
(e.g., trees, buildings) and their material properties (e.g., reflectance, transparency), and
mathematical models.

3.3.1. Assessment RE by GIS Models

GIS and software tools are essential to understand the geographical nature of a given
location, to display visual information and are useful for decision makers in planning
and developing practices [112]. There are some studies that have used GIS modeling
approaches to investigate suitable locations for establishing renewable energy.

In recent times, many attempts have been made to develop renewable energy as the
basic energy resource [113]. Rizeei et al. [114] attempted to find the most suitable place to
establish a hybrid renewable energy site by using ASTER satellite imagery and MODIS
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satellite imagery in peninsular Malaysia. They indicated that wind turbines and solar
panels are the primary sources of RE, which are regarded as a cleaner alternative energy
for fossil fuels. Other studies have been conducted to find the exact location of optimum
wave energy sources. According to Nasir and Maulud [87], ocean energy is regarded as
one of the most significant renewable energy sources and it contributes to the supply of the
world’s electricity demands. In their study, they aimed to find the optimal wave energy
location in the coastal area of Terengganu state in Malaysia. GIS was used to prepare data
for geostatistical analysis. Another research conducted by Chatri et al. [115] demonstrated
the economic impacts of the development of renewable energy for the electricity sector
in Malaysia.

Numerous studies have been conducted in GIS using machine learning (ML), multiple
criteria decision analysis (MCDA) and deep learning (DL) in assessing RE sources and
estimating energy consumption. MCDA techniques have been used in analysing and
assessing sustainable energy planning problems. For instance, Karatas et al. [116] used the
AHP technique for energy performance analysis for sustainable development in Turkey.
Ahmad and Tahar [117] reviewed the potential of several renewable resources for electricity
generation in Malaysia. They used a multi criteria approach based on analytic hierarchy
process (AHP) to rank those resources. Another study, by Ligus et al. [118], proposed
the MCDM model based on the fuzzy analytic hierarchy process (FAHP) and the fuzzy
technique for order of preference by similarity to ideal solution (FTOPSIS) to evaluate the
most efficient low emission energy technologies in Poland. Solangi et al. [119] evaluated
several sources of renewable energy to produce electricity in Turkey. The researchers
adopted the fuzzy analytical hierarchy process (FAHP) and the fuzzy weighted aggregated
sum product assessment (FWASPAS) techniques to achieve the objective of the study. The
results indicated that wind energy is the most beneficial option for generating electricity.

3.3.2. Estimating Solar Radiation Using GIS

Solar energy plays a basic role in the deployment of renewable energies. Solar radi-
ation is defined as the amount of solar energy per square meter that reaches the Earth’s
surface [120]. It is very important to obtain accurate information about the intensity of the
solar radiation at a specific location to develop projects based on solar energy. Different
algorithms have been utilised for calculating solar irradiance on tilted buildings, horizontal,
and vertical surfaces of the 3D city model. This calculation is essential to identify the urban
heat island (UHI) effects [121], to assess building heating and cooling energy needs and to
estimate techno-economic photovoltaic (PV) potential [122]. In addition, GIS based tech-
niques can be used to examine the spatial variability of solar energy radiation [112,123,124].
The solar radiation analysis methods using GIS can be categorised according to the kind of
data employed.

Currently, several methods have been developed for predicting solar radiation using
GIS and remote sensing techniques [125], artificial intelligence models [126], and empirical
models. Marzouq et al. [127] proposed an automatic identification of variables with the
creation of the evolutionary ANN for forecasting solar radiation in Morocco, with good
accuracy. The deep learning method from artificial neural networks (ANN) has been
established in the study for solar radiation modeling. Through this model, one can rebuild
the data more effectively and accurately to impact the solar radiation. Another model
utilized to estimate solar radiation is the 3D model. This is a model derived from different
acquisition techniques, such as extrusion from 2D footprints [128], photogrammetry and
laser scanning [129], and procedural modelling [130]. However, using 3D building data
across many cities is suitable to perform complex operations such as solar radiation analysis
in more detail. It allows the calculation of the slope and orientation of the surface and
assessment of the shadow effects from nearby buildings. For estimating solar irradiation
in order to assess the suitability of installing solar (photovoltaic) panels, 3D city models
have been utilized [131,132]. Buyuksaliha et al. [133] estimated the solar energy potential
of buildings in Istanbul city (façade and rooftop) using 3D modelling. Murshed et al. [134]
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evaluated the hourly solar irradiance by using two algorithms on 3D city models. The
researchers improved the previous modelling approach to achieve the aim of the study. Sev-
eral softwares, such as 3D CityDB, FME, and Eclipse, were used to perform the 3D and solar
irradiance analysis. Building rooftops are appropriate locations for solar energy devices.

Machete et al. [135] showed that the 3D approach is an efficient tool to evaluate
solar access in complex urban layouts. In this study, three tools of solar radiation, in
conjunction with two different modeling approaches (2.5D and 3D) were handled by a 3D
model. The study area was a city block in downtown Lisbon. A study conducted by Gudo
et al. [136] aimed to generate informative data on solar radiation to produce sustainable
energy from solar energy, in a strategic way, to support agricultural production, taking into
consideration several important factors, such as site landscape, environmental impacts,
and solar radiation intensity. Remotely sensed data, land use and land cover (LULC) with
ArcGIS, and a digital elevation model map (DEM) were used. GIS models can be utilized
to estimate the energy balance over a wild area and to assess its potential for integration
of solar energy production, taking into account environmental, climatic, and landscape
factors [137].

Several recent review papers deal with solar potential [138] and solar evaluation [139].
Biljecki et al. [140] reviewed several applications of 3D City Models and estimating solar
irradiation was one of these applications. Choi et al. [141] reviewed how to use GIS based
methods and applications to plan and design solar energy systems. Malaysia has the
opportunity to use solar energy effectively, develop technologies for renewable energy and
promote a clean environment. Omar et al. [142] generated solar suitability maps for the
study area, one type of office building located at Jalan Bangsar, Kuala Lumpur, Malaysia.
Their result indicated, with the incorporation of spatial data sets, GIS tools, and satellite
imagery, the best site solar collectors, such as solar photovoltaic, can be constructed. The
summary of the previous study is shown in Table 1.
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Table 1. Summary of previous solar radiation mapping studies using GIS.

References Scale Location Used Data Type Model SR Methods Spatial Unit Temporal Unit

[143] National Malaysia
DEM, Land cover, Roads, Water

bodies, vector data for
solar radiation

2D,
Optimal site

definition model
(ODM)

Solar radiation data were obtained
as point data from NASA.

Consisting of 180 locations across
Peninsular Malaysia

Area Yearly

[114] National Malaysia MODIS, ASTER satellite imagery,
daily wind data, Road network 2D Sixteen different metrological

stations to assess solar radiation Pixel Yearly

[144] Two buildings Philippines LiDAR, Building
footprint polygons 3D Amount of direct solar radiation point Daily and

Monthly

[145] Five buildings India, Kanpur Viewshed, DSM, shows data,
sky condition 2D Diffused and direct solar radiation,

angle sun position Pixel Monthly and
yearly

[146] National Sarawak, Malaysia
Solar radiation intensity,

population, electrification status,
wind speed, slope and road

2D MCDM and AHP methods, global
horizontal irradiation (GHI) Point Yearly

[142] Local Malaysia
AW3D from the ALOS satellite

image, azimuth and sun
altitude data

2D Solar suitability map Area Daily and
Monthly

[147] Some buildings Italian Building geometrical, climatic
data, geodata LOD and LOD2.5

Match existing solar radiation
analysis at LOD2 with architectural

characteristics of façades
Pixel Yearly

[136] Regional South Sudan Remotely sensed data, DEM,
LULC with 2D Annual average solar radiation Pixel Monthly, Yearly

[148] Local southern Iran
Landsat 7 ETM+, geological maps,

topographical map, DEM,
Climatic parameters

2D
Fuzzy_AHP method,

Dempster–Shafer (DS) method,
the AHP method

Pixel Yearly

[149]
Any building rooftop

surrounded by
obstacles

Pakistan,
Karachi LiDAR

3D sky vault and
Ray–triangle-
intersection

Solar angles and radiation data to
estimate direct and
diffuse radiations

Pixel Monthly
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3.3.3. The Optimal Location for PV

Recently, photovoltaic (PV) has been regarded as one of the most common technologies
for using solar energy. This application is responsible for shifting sunlight energy into
electrical energy without utilising mechanical activities. Implementing photovoltaic (PV)
systems in urban areas is regarded as one of the best choices to solve the power crisis
caused by the increasing population [150]. Geographic information systems are used to
accelerate the development of solar farms, since they combine satellite data for solar energy
resources along with other essential information, such as topography, the Earth’s usage,
demography and utilities, and provide tools for further data analysis. A study conducted
by [151] aims to develop the use of solar PV plants by assessment of utility-scale solar
photovoltaic (PV) plants. The case study was in Indonesia.

GIS techniques have been widely utilised to set the optimal site for constructing solar
PV farms [148]. GIS is an effective tool for assessing geographic potential (rooftop area
considering shadow), assessing solar PV potential and physical potential (total solar radia-
tion on the rooftop and surface [141]). A fuzzy based method, analytical hierarchy process
(AHP) and Dempster–Shafer (DS) methods were used in order to determine the perfect
location to build PV farms [152]. GIS and light detection and ranging (LiDAR) techniques
are also used to locate suitable places for the rooftop solar photovoltaic panel [153]. A study
conducted by Ludwig and Kinley [154] identified high potential areas for solar power by
using LiDAR and plan-view data in the city of Berlin. They determined how solar power
can be optimised in urban roof areas by using thermal solar panels and photovoltaic (PV)
systems. Rodríguez et al. [155] determined the solar photovoltaic potential at an urban
and regional scale using CityGML geometry descriptions of every building. Their study
area was Ludwigsburg county in southwest Germany. They used 3D CityGML models
to calculate photovoltaic potential. Their results indicated that it is possible to achieve
high annual rates of electricity demand in many municipalities, reaching even more than
100% in some cases. Toledo et al. [156] evaluated the most representative transposition
models for building integrated photovoltaics and passive energy management. Their study
revealed that PV façades have an essential impact on solar energy potential.

4. Results

In this section, the most significant results of the previous studies are presented. Most
studies focus on how GIS is often used to collect and manage data related to energy and to
assess the solar irradiation, as well as the increase in the adoption of GIS tools in solar esti-
mating [157], shading analysis [158], spatial analysis [158], rooftop extraction [142], solar
radiation modelling [159], site mapping [160], and urban planning. Energy simulation tools
with government policies through the promotion of new technologies, energy efficiency,
raising social awareness, limiting energy consumption, and activating the use of renewable
energy will be useful for making a future of sustainable energy. This article presents several
studies [117,142,143,161–164] in related fields that cover how GIS tools are utilized for the
spatial assessment of RE in Malaysia. Table 2 shows the assessment of renewable energy
sources studies for energy efficiency in Malaysia using GIS. Optimal selection is a popular
method to identify the potential location for renewable energy generation in Malaysia. By
analyzing many statistics regarding Malaysia, it is found that Malaysia suffers greatly from
energy consumption, increased pollution, and carbon dioxide emissions. Malaysia, as a de-
veloped country with rapid progress in industrial and economic development, is searching
for creative solutions to address the increasing problem of energy consumption. Therefore,
Malaysia is striving hard to develop renewable energy systems due to the presence of ap-
propriate natural resources. Recently, Malaysia has launched policies that regulate and help
create renewable energy systems and provide capabilities to facilitate system construction.
The most significant interest in Malaysia has been solar and hydroelectric power due to the
availability of natural resources to help extract the largest amount of clean energy.
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Table 2. Comparing of previous assessment renewable energy sources studies for energy efficiency in Malaysia using GIS.

Reference RE Location Data Method Results

[165] Solar, hydro, wind Sarawak Physical map of Sarawak,
K-means locations

Optimal selection, image
segmentation, regional technique Nine locations are suitable for RE systems

[166] Hybrid Renewal
Energy Peninsular

MODIS Terra and Aqua satellite value,
ASTER satellite imagery, sixteen

different metrological stations data

Satellite-derived, Aerosol Optical
Depth (AOD), weighting method

Coastal areas are suitable to RE, MODIS result
high coloration

[142] Solar Buildings in
Kuala Lumpur

AW3D from the ALOS satellite image,
sun azimuth and sun altitude Optimal selection There are varies sunlight readings from month

to month

[143] Solar Peninsular
Shuttle radar topography mission

(SRTM), vector data, The NASA Surface
Meteorology and Solar Energy sources

Multi-criteria, optimal site
definition model (ODM)

10,092.08 km2 suitable for PV system. Half of
them produce 756.91 GW electricity.

[161] Wave Malaysia Climate information, sea condition,
wind speed, sea surface temperature Optimal selection

Wave energy has great potential energy
generation in the future, with Sabah having

particularly high potential

[162] Solar Senai airport
Digital solar resource, the slope

variation, built area, runways, vacant
land, vegetation from Google Earth

Optimal selection Solar PV potential generated 12.50 MW,
theoretical energy 16,745 MWh

[163] Waste to energy Iskandar
Location of waste collection stations,

potential WTE land area,
transportation distance

Optimization, multiperiod, WTE
conversion technology

Waste provided by MSW as a RE resources are
sufficient to satisfy the localized power
generation with the capacity of 50 MW

[117] Solar, hydro, wind Malaysia Quantitative data, Solar map, World
wind map

Multiperspective approach analytic
hierarchy process (AHP)

Solar is the most favorable resource followed by
biomass. Hydropower and wind, however, are

ranked third and fourth, respectively.

[164] Ocean energy Terengganu Wave height information, separate
locations shapefile Optimal wave energy location The coastal area of considered as highly

potential wave energy
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In addition, according to the papers mentioned in the previous table, it is noted that
one of the best ways to obtain high efficiency for new renewable energy farms is prior
analysis using GIS techniques and remote sensing. The most important applications in
this research are on solar energy, which is applied to many places in Malaysia, and the
results are impressive in predicting the production of electrical energy with high accuracy.
The results of the previous studies also focus on hydropower by finding suitable places to
build turbines that generate electricity through rivers and dams. In addition to that, the
researchers utilize several criteria suitable for the establishment of the systems, such as the
distance from the beneficiary villages and cities, and the strength of water in the river to
determine the most appropriate sites for building units that generate energy.

The results show that GIS has proven to be an effective tool for supporting decision
making in energy planning [166], and for estimating regional RE potential [167]. This is
due to their flexible data management and spatial–temporal analysis capability. Moreover,
the visualization function of a GIS can link statistical analysis with visual spatial data in
an integrated renewable energy planning approach. For improving the energy efficiency
of buildings in urban areas, decision support systems using multicriteria analysis and
geographic information systems are used [168]. The study conducted by [169] clarifies the
effectiveness of using light emitting diodes (LEDs), green roof, roof skylight, solar PV, and
light pipes to reduce building energy consumption in Malaysia. Residential buildings in
Malaysia depend on LED lighting to run the annual lighting load of the building. LEDs
have the ability to reduce annual lighting load from 1824 kWh to 1920 kWh. In fact, LED
lighting is more efficient in reducing lighting loads when performed on a larger scale rather
than a smaller one. Regarding the green roof system, it has been adopted in Malaysia as an
approach used for energy consumption, and temperature and pollution reduction [170].
The roof skylight system is a technique that allows natural light from the sun to pass
through roofs of building interiors with limited openings in walls [171].

In brief, referring to the previous table and to the detailed literature review, the
following results were drawn:

i. The terms energy efficiency and renewable energy have the same goals for energy efficacy.
ii. For estimating the solar radiation potential of buildings and calculating solar energy

in building areas, connecting GIS with 3D models is regarded as more effective than
2D and 2.5D models and is useful for solar analysis.

iii. GIS tools are used for basic energy efficiency management.
iv. GIS tools and models are used to identify the amount of energy consumption and

saving potential of large residential stock.
v. The result shows that DB maps and visualization, rooftop extraction tools, shading

analysis tools, and radiation modeling tools are used for solar potential assessment
by GIS.

vi. 3D models and energy simulation tools are characterized by flexibility, high integra-
tion, and ease of use.

vii. Through GIS, it will be easy to rebuild the data more effectively to impact the suitable
locations of renewable energy projects

viii. LiDAR, AHP, and DS are regarded as suitable data to determine the potential of
solar radiation.

ix. Spatial assessment tools are very useful to obtain good results from renewable en-
ergy projects.

x. Artificial intelligent models, such as ML and DL, are used to assess renewable energy,
and to predict and estimate solar radiation.

xi. The result shows that the primary energy source for buildings in Malaysia is using
PV panels to convert solar energy into electricity.

xii. Malaysia is endowed with huge renewable energy resources, particularly biomass,
solar, small hydro and ocean.
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5. Discussion

It is evident that GIS and RS tools play a very important part in analysis and manage-
ment in the field of renewable energy and monitoring energy consumption. Researchers
have used several models, such as artificial intelligence (AI) and machine learning (ML)
techniques, in analysis, management of renewable energy and calculating energy consump-
tion. In addition, some studies have shown that the analysis of 3D and 2.5D models has an
excellent effect on the results. This led researchers to conduct larger studies and analyses on
both the rooftops and facades of buildings. The results also show that GIS tools can analyze
the potential to install PV systems and to optimize the best location for wave and wind
systems, which contribute to reducing losses and improving results for renewable energy
units. Indeed, this paper bridges the gap presented in the previous studies by determining
the best methods used for energy efficiency. This paper confirms the results concluded
from one previous study [148], which corroborates that the fuzzy_DS (Dempster–Shafer)
method can be used to determine the optimal locations of PV farms more efficiently than
fuzzy_AHP (analytical hierarchy process). It is noted that one of the main limitations
related with fuzzy_AHP systems is that these methods are unable to take the uncertainty
of model inputs into account. The results also show that GIS can be combined with 3D
models for solar analysis with various advantages.

In addition, this study reveals that GIS methods rely on MCDA and ML in deducing
the locations of building solar energy units, waves, and hydro system potential locations
based on compiling spatial and statistical information and entering it for analysis and
extrapolation of appropriate sites. These methods show high accuracy in results, which
makes it one of the most appropriate tools for making decisions related to choosing the
right place to build new renewable energy systems. This study also focuses on buildings as
the most energy consuming places in the world, which have a great opportunity to produce
clean electricity in return. Some researchers have shown that the roofs of buildings are not
utilized as required, and they are large areas which can be a place to build renewable energy
systems, especially PV systems, whether on the rooftops of buildings or on their facades. It
is noticeable that the world is intending to reduce energy consumption and greenhouse
gases (GHG) emissions by using such GIS techniques to explore sites of renewable energy
sources of all kinds. It is essential to keep in mind that a combination of several methods
and techniques is more efficient.

With the rapid population increase and urbanization, the need for energy is alarming.
Therefore, renewable energy has received great attention as an alternative source of energy.
This paper illustrates that GIS and RS combined with ground observation can obtain
information about the Earth’s surface that contributes significantly to the development of
renewable energy resources such as solar energy, geothermal energy, biomass energy, wind
energy and hydropower energy. Regarding solar energy, it is one of the cleanest, oldest
and most reliable renewable energy sources. For that reason, government agencies should
perform more research on rooftop selection for the deployment of PV to reduce greenhouse
gas emissions. In this regard, LiDAR data coupling with other techniques (modelling,
GIS and diffuse solar irradiances) have been used to find out the potential of a roof’s
surface. LiDAR data have been popularly used to determine the suitable roofs’ surfaces
for PV systems installation, which ultimately enables the estimation of the potential solar
electricity that can be obtained based on the location.

In Malaysia, forest biomass is a source of renewable energy, including noncommercial
stem tops and branches. Biomass can be used as a source of energy for electricity generation
and in heating applications. The use of forest biomass has two types of benefits in terms
of scocioeconomic benefits that come from the use of forest biomass: reducing the use
of fossil fuels and creating jobs by increasing the yields, transportation and utilization of
power plants at a local scale. On the other hand, GIS and remote sensing are used either
in estimating biomass potential, availability and production feasibility, or selecting the
location of power plants, and biomass plants near a grid line, and biomass transportation
costs based on biomass quantity and transportation distance. Satellite images using both



Sustainability 2021, 13, 9244 18 of 26

active (radar and LiDAR) and passive (optical) sensors can be utilized effectively in the
identification of potential solar areas and in estimating biomass. Remote sensing and
GIS, as a decision-making tool, have facilitated combining evaluations of environmental,
social and political constraints with engineering decisions to produce the best alternative
decisions. We have also seen how those tools helped some governments in decision making
or in convincing investors to consider energy from solar panels as an option [172]. Those
examples are only a few among many that have proven the practical use of remote sensing
and GIS. In addition, data from remote sensing images, such as surface temperature,
elevation, and land use/cover, are widely utilized in GIS. It is a useful tool for assessing
the potential of biomass: it integrates several kinds of data to examine spatial relationships.
Furthermore, GIS is especially useful for estimating the potential of biomass resources by
integrating different data, such as ground rainfall, land use, protected areas and crop/forest
production statistics. It can also assess the biomass resources available or to identify areas
where agro-climatic conditions are suitable for growing a particular crop. Another kind
of RE source in Malaysia that has been a topic of interest in both academia and the green
energy industry is wind energy. To assess the performance of wind farms, it is essential to
learn wind behavior, its speed and the location. Therefore, GIS tools are utilized to assess
wind eligibility of a particular location, to design a wind energy system and to extract the
historical wind data from geographical sites [173].

Moreover, several methods have been developed, including artificial intelligence
techniques, statistical methods and physical models, to improve the accuracy of renewable
energy. The coupling of AI systems with GIS tools in solar and wind energy system
applications has increased their accuracy and reliability. AI systems can be utilized to
organize and control tracking systems remotely to ensure maximum energy production
efficiency. Various studies demonstrate the applications of machine learning methods
for theoretical approaches to renewable energy technologies, such as batteries and solar
cells [174,175]. Additionally, the most advanced AI techniques, such as deep learning, have
recently attracted much attention due to their strong generalization capability and big data
training [176].

6. Recommendation for Future Studies

It has to be honestly said that the outcome confirms the results from previous studies.
However, it is recommended for future studies to clarify the role of advanced machine
learning based techniques, such as deep learning, combined with GIS tools for energy effi-
ciency. It is also recommended to conduct research on the importance of the government’s
role in encouraging the use of GIS in the production of energy and electricity generation.

7. Conclusions

In conclusion, the growing trend in energy consumption will continue due to urban-
ization, the increasing demand for buildings and the growth of population. Malaysia is
blessed with several sources of renewable energy, including wind, solar, biomass, hydro
and biogas. Regarding that, strong support from the government should be given to use
these sources depending on GIS tools to produce energy.

This paper has investigated energy consumption as a global issue and the policies and
indicators used for energy efficiency, such as utilization of RE, using GIS tools, improving
environmental performance, and promoting energy efficiency. From the literature review,
it is noted that it is essential to make available comprehensive energy consumption to allow
suitable analysis and efficient planning. Through GIS tools, much important information
can be added. Decision makers must ultimately be advised by environmental experts
so that global sustainability is achieved hand in hand with the local environment. The
authors in this study believe that the conclusions and recommendations drawn, and the
literature reviewed in the present study, will be valuable to policymakers and to renewable
energy scientists.
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DEM digital elevation model
DL deep learning
DS Dempster–Shafer
2D 2 Daimonion
2.5D 2.5 Daimonion
3D 3 Daimonion
ECA Energy Commission Act
EPA The United States Environmental Protection Agency
EPU Economic Planning Unit
ES expert systems
EU European Union
EUI energy use intensity
FAHP fuzzy analytic hierarchy process
FL fuzzy logic
FTOPSIS fuzzy technique for order of preference by similarity to ideal solution
FFP Fifth Fuel Policy
FWASP fuzzy weighted aggregated sum product
FWASPAS fuzzy weighted aggregated sum product assessment
GA genetic algorithms
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MBIPV The Malaysian Building Integrated Photovoltaic
MCDA multiple criteria decision analysis
MENA Middle East North Africa
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ML machine learning
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NBP National Biofuel Policy



Sustainability 2021, 13, 9244 20 of 26

NEP National Energy Policy
NGTP National Green Technology Policy
NREPAP The Renewable Energy Policy and Action Plan
NWW3 NOAA WAVEATCH III
ODM optimal site definition model
SBTool sustainable building tool
SSEA Society for the Study of Emerging Adulthood
S/V shape factor
TWh terawatt hours
UBEM automatically generate and simulate urban building energy model
UEUM urban energy use modeling
UHI urban heat island
US United States
UK United Kingdom
WTG wind turbine generator
WEC wave energy converter
ZEB zero energy building
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