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1.Introduction 
Buildings and construction industry together are 

responsible for 39% of global energy-related carbon 

dioxide (CO2) emissions, with 28% are used directly 

to provide convenient, well-lit residential, 

commercial, and industrial buildings through space 

conditioning and lightings [1]. This is due to 

buildings such as residential, schools, universities, 

offices, healthcare, and industrials that have become 

critical consumers in energy consumption for 

economic growth. On the other hand, the impact of 

the Covid-19 outbreak on electricity demand for 

residential buildings has increased by 40% due to 

lockdown measures since more people are staying at 

homes and undertaking additional activities at home, 

such as online learning, teleconferencing, and remote 

work from home [2]. Sectoral electricity consumption 

in Malaysia has greatly increased from 1978 until 

2018 as presented in Figure 1.  
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This is due to the development of commercial 

buildings and residential area projects which has 

immensely increased over the last three decades. This 

tremendous expansion has a great impact on 

economic growth and energy demand in Malaysia 

ever since [3, 4]. In 2018, commercial and residential 

buildings consumed 49.5% of Malaysia’s total energy 

consumption which is skyrocketed by more than 

2217% since 1978. Commercial and residential 

buildings consumed 3958 ktoe and 2553 ktoe 

respectively which is accounted for 6511 ktoe. This is 

approximately equivalent to the energy consumption 

of the industrial sector about 6547 ktoe. Buildings 

development will continue to expand with 

unprecedented rates for economic sustainability. 

Consequently, buildings have become the major 

single largest contributor to global warming which 

contributes to one-third of global carbon emissions 

[1].  

 

Malaysia particularly has emitted 250.3 million 

tonnes of CO2 in 2018 as compared to 241.6 million 

tonnes in 2017. The growth in CO2 emission is 
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directly linked with energy demand. The main causes 

of the CO2 emissions come from the consumption of 

fossil fuels for electricity generation mainly from 

commercial and residential buildings, transportations, 

as well as municipal solid waste landfills [5]. In 

mitigating climate change and global warming issues, 

Malaysia has introduced the Green Technology 

Master Plan (GTMP) 2017-2030 to reduce CO2 

emissions per unit of the nation’s Gross Domestic 

Product (GDP) by 2030 [6]. GTMP aims at two main 

subsectors of renewable energy (RE) and energy 

efficiency (EE) in achieving the CO2 reduction target 

[7−9].  The on-going EE initiative is National Energy 

Efficiency Action Plan (NEEAP) to strategize 

successful coordination and cost-efficient energy 

efficiency efforts for industrial, commercial, and 

residential sectors, which will reduce energy 

consumption and direct monetary saving benefit to 

the nation and consumers. Energy audits and energy 

management in buildings and industries are the key 

initiatives under NEEAP with an expected electricity 

saving of 34,832 GWh by 2025 [10]. Energy audits 

are conducted to identify potential energy savings 

without compromising on human comfort, health, 

and safety. Energy-saving measures can be 

implemented through no-cost practices which can be 

done immediately without incurring any cost and 

low-cost practices. Even though these practices do 

not involve any heavy investments, but they can have 

a significant impact that can achieve 5% or more 

energy savings. An example of the no-cost energy-

saving practice is through operation and maintenance 

such as turn-off lights whenever they are not needed. 

The modern lightings are designed to withstand 

frequent turning on and off rather than switching it on 

all the time. This simple behavior adjustment has 

high potentials in which it can offer immediate 

energy savings [11]. Lightings alone in commercial 

buildings are accounted for 17% of US total 

electricity consumption and it becomes the second-

largest end-user of electricity [12]. On the other hand, 

the percentage of end-user electricity distribution for 

typical commercial buildings in Malaysia is 

presented in Figure 2. Lightings are the next largest 

electricity end-user by 20% after air-conditioning 

load for about 58%, followed by office equipment 

and others of 22% [13]. 

 

Due to the importance of lighting in building for the 

requirement of visual comfort and energy efficiency 

measure, lighting energy management should provide 

the optimal lighting level for the occupants to 

complete their jobs with the most efficient lighting 

source suitable for the job whenever and wherever 

required [14]. Current lighting control systems 

depend on occupants’ manual control over lighting 

for switching on and off. However, occupants tend to 

forget turning off the lights when leaving the room 

due to occupants’ behavior and lack of awareness for 

energy-saving practices. The lightings are left on 

continuously even no occupants’ activities in the 

building have led to energy waste and unnecessary 

burden due to high electricity bills [15]. 

Inconsistency of occupants’ behavior towards 

energy-saving practices is one of the difficulties in 

achieving energy-efficient buildings [16]. Thus, 

lighting control strategies are vital in reducing 

building energy consumption which can achieve 

more than 50% energy savings [17].  

 

Instead of retrofitting the lightings with more energy-

efficient lightings such as LED, T8, and T5 lamps 

[18], the deployment of building lighting control 

strategies have shown more significant energy 

savings potential [19]. Current building lighting 

control system can be developed with installation of 

switches, dimmers and scene setters, time scheduling, 

group control, occupancy adaptation, daylight 

harvesting, personal control, demand response, and 

combination of occupancy and daylight adaptation. 

Besides, advanced smart control strategies as 

depicted in Figure 3 are wireless distributed lighting 

control system, power-over-ethernet (POE) 

centralized lighting control system [20]. Examples of 

the communication systems and protocols for 

advanced lighting control systems are Digital 

Addressable Lighting Interface (DALI) and Digital 

Multiplexing (DMX) 512/1990 [14]. According to 

sustainable development, recent buildings 

particularly smart buildings have employed building 

energy management systems (BEMS) using the 

Internet of Things (IoT) and it becomes more popular 

in commercial buildings [21−23]. By using the 

BEMS, buildings’ energy consumption can be easily 

monitored and controlled. BEMS is designed to 

detect any abnormalities in electrical energy 

utilization, then adjusted and re-analyzed the 

strategies for the control system to ensure occupants’ 

comfort while being energy-efficient buildings [21, 

24]. The objectives of this paper are to present an 

insight of current trends and future challenges of 

lighting control strategies and provide 

recommendations to reduce electrical energy 

consumption for buildings. The comparative analysis 

and discussions of the applications and limitations for 

current and future trends of lighting control strategies 

are summarized to support the investigation for 

successful smart building lighting systems. 
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Figure 1 Sectoral electricity consumption in Malaysia from 1978 until 2018 

 

 
Figure 2 Typical electricity usage in commercial buildings in Malaysia 

 

 
Figure 3 Advanced lighting control strategies 
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2.Literature reviews on lighting control 

system strategies  
About 20% of commercial buildings have been 

installed with lighting control systems in 2015 due to 

the popularity of green building index (GBI) 

certification and the advancement of lighting control 

systems [20]. Installations of lighting control systems 

for new buildings’ construction are higher than 

retrofitting lighting control systems with existing 

buildings [25]. There are three main approaches in 

building lighting control system which is by 

retrofitting energy-efficient lighting, improved 

lighting design practices, and improvements of 

lighting control system to reduce energy consumption 

while maintaining the occupants’ visual comfort [26]. 

These are the building lighting control strategies with 

their influencing factors. 

 

2.1Current trends and future challenges of 

occupant behavior towards energy efficiency 

awareness 

The indoor illuminance can be focused to understand 

the behavior of building occupants’ awareness in 

reducing electrical energy consumption [27]. Many 

methods have been introduced to predict the 

functional demand of lighting, the effect of manually 

and automatically lighting control systems toward 

occupants' control as tabulated in Table 1 [14, 28].  

These research methods can identify occupant 

behavior for light switching in the office. Occupants’ 

behaviors are based on the human decision-making 

process which is complex and has various influencing 

factors. Adaptive behaviors towards building energy-

efficient efforts can significantly decrease building 

energy consumption. However, the dissatisfaction of 

buildings’ occupants towards these efforts may limit 

the reduction of building energy consumption [29]. 

Thus, building energy-efficient efforts must consider 

the needs and priorities of buildings’ occupants to 

meet their satisfaction in achieving the energy 

savings target. To make the occupants feel 

comfortable, the occupants must have the possibility 

to control the system accordingly. Each occupant has 

specific preferences because of the specific tasks they 

are engaged in to avoid visual discomfort [4, 19, 20]. 

The ability to control the lighting system provides 

visual comforts to the buildings’ occupants while 

increasing their productivity [17]. Nevertheless, 

current lighting control through manual switching 

may cause the buildings’ occupants to forget turning 

off the lights when leaving the room and let the lamp 

turn on without any activity or presence of an 

occupant resulted in the inefficiency of cost and 

energy [15, 20] . Therefore, cultivate energy-saving 

habits through repetitive behaviors will have the 

greatest effect on buildings’ energy consumptions 

[30]. Building occupants’ energy-saving behavior can 

be identified through these lighting usage pattern 

[27]: 

 

1. When the occupant enters the office, will he or she 

turn on the light based on the daylight 

illuminance? 

2. When the occupant stays in the office, will he or 

she turn off the light based on the indoor 

illuminance? 

3. When the occupant leaves the office, will he or she 

turn off the light based on how long she or he 

leaves? 

 

 

Table 1 Factors that affect occupant behavior towards lighting demand control options 

Factors that affect occupant 

behaviour 

Methods for current lighting demand control options 

Indoor illuminance [27] 
Effect of manually and automatically lighting control systems toward occupants' 

control [14, 28] 

Occupants’ dissatisfaction [29]  

Energy-efficient efforts must consider the needs and priorities of buildings’ occupants 

to meet their satisfaction in achieving the energy savings target [14]. 

Each occupant has specific preferences because of the specific tasks they are engaged 

in to avoid visual discomfort [4, 19 , 20] 

Energy-saving habits [27] 

Cultivate energy-saving habits through repetitive behaviors will have the greatest 

effect on buildings’ energy consumptions [30]. 

Building occupants’ energy-saving behavior can be identified based on lighting usage 

pattern [27]. 

 

2.2Comparative studies on current lighting 

control strategies  

The current lighting control system consists of only 

wiring, lamps, and switches. It has low installation 

cost, and the users have direct control based on their 

personal preference of illumination. Though, it may 

lead to energy waste if the users have lack of energy 

efficiency awareness [20]. Thus, comparative studies 
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have been done on current lighting control strategies 

which are presented in Table 2.  Recently, lighting 

system is equipped with motion detection sensors to 

detect movement in certain areas such as corridors 

and car parks. The motion detection sensors will 

automatically turn on 100% of the lightings from 

only 30% lightings in that areas. Besides, the sensor 

can also be used when the occupant is detected, the 

light will turn on and turn off when the room is no 

longer occupied. By using this sensor, the building 

energy consumptions that can be reduced daily is 

10.22% [21, 23]. However, sensing-based control 

strategies is unable to determine the number of 

occupants and the specific task that has been 

performed. The system will automatically turn on all 

the lights once the sensor detects any occupants [17]. 

Moreover, the manual switching on and off gives the 

highest reduction in energy consumption and provide 

more personal satisfaction towards occupants’ visual 

comfort as compared to sensing-based lighting 

control system [31]. Occupants can turn on or off the 

lights when necessary and should be able to choose 

any illuminance level as desired using switches and 

dimmers. The main issue is to increase the energy 

efficiency awareness amongst the occupants to 

manually switch off the light when they leave the 

office. The simple lighting control system is usually 

implemented in existing buildings [20, 27]. However, 

the attitude of occupants in switching off manually 

the lights when they leave the room become the main 

obstacle in achieving the energy savings target. Thus, 

the automatic lighting system is the best solution for 

buildings’ energy efficient practices.  

 

Besides, automatic lighting control systems have 

more significant impact on the reduction of energy 

consumption due to the possibility of occupants’ 

behavior that may cause energy waste [13]. To 

overcome the obstacle of occupants’ behavior, the 

sensing-based control system has been introduced. 

The predicted occupancy control strategy (POCS) 

can reduce the operating hours of the lighting system 

based on time scheduling. This control strategy can 

schedule the switching on and off the lightings at 

specific times based on the building occupants’ 

requirements. It will automatically turn off the lights 

during unoccupied period usually on the weekend 

and after working hours. Thus, this system can avoid 

energy waste due to lightings which are turned on 

during unoccupied period [14, 25]. Another sensing-

based lighting control system is the Real Occupancy 

Control Strategy (ROCS) which is based on the 

presence of the occupancy. ROCS do not operate on 

based on time, but the system will turn on the lights 

when it detects the room is occupied, otherwise it 

will turn off the light when the room is unoccupied. 

A specified time delay can be programmed before 

turning off the lights to prevent the system to turn off 

the lights when the room is still occupied. This 

control strategy can be employed when the 

occupancy is unpredictable and unable to determine 

the specific schedule. Existing applications for this 

sensing-based lighting control system are private 

offices, toilets, corridors, stairways, and libraries [32, 

33]. Besides, illuminance control is another example 

of a sensing-based control strategy such as a constant 

illuminance control strategy (CICS) that can control 

the illuminance level by considering the aging of the 

lighting system. When the illuminance level is too 

high, the system will reduce the lumen output of the 

lightings. If the illuminance level is too low, the 

system will increase the lumen output of the 

lightings. The system aims to make sure minimum 

lighting energy is being used and maintain a constant 

lighting level. On the other hand, the daylight 

harvesting control strategy uses light sensors with 

photocells to measure the illuminance level in the 

specific area. Daylighting is one of the critical 

aspects of building design and lighting control 

strategy as specified in EN12464-1 [13]. This control 

system operates in a similar mechanism with 

illuminance control (CICS). The light sensors are 

usually located in a large area and each light sensor 

will control a separate group of lightings to ensure 

uniform illuminance level throughout the area. The 

overview of the sensing-based lighting control 

strategies is shown in Figure 4 [14].   
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Figure 4 Sensing-based lighting control strategies 

 

Table 2 Current trends of lighting control strategies 

Current lighting control 

strategies 
Challenges and advantages 

Manual control based on 

personal preference of 

visual comfort. 

low installation cost. 

highest reduction in energy consumption. 

provide more personal satisfaction towards occupants’ visual comfort as compared to sensing-

based lighting control system [31].  

may lead to energy waste if the users have lack of energy efficiency awareness [20].  

Automatic lighting system 

by using sensing-based 

control strategies :- 

best solution for buildings’ energy efficient practices [13].  

overcome the obstacle of occupants’ behavior towards energy efficiency effort. 

1.Motion detection sensors  

to detect movement in certain areas such as corridors and car parks. 

building energy consumptions that can be reduced daily is 10.22% [21, 23]. 

unable to determine the number of occupants and the specific task that has been performed [17]. 

2.Predicted occupancy 

control strategy (POCS) 

reduce the operating hours of the lighting system based on time scheduling 

avoid energy waste due to lightings which are turned on during unoccupied period [14, 25]. 

3.Real occupancy control 

strategy (ROCS) 

based on the presence of the occupancy 

employed when the occupancy is unpredictable and unable to determine the specific schedule.  

Existing applications are private offices, toilets, corridors, stairways, and libraries [32, 33]. 

4.Constant illuminance 

control strategy (CICS) 
ensure minimum lighting energy is being used and maintain a constant lighting level. 

5.Daylight harvesting 

control strategy 

uses light sensors with photocells to measure the illuminance level in the specific area. 

Daylighting is one of the critical aspects of building design as specified in EN12464-1 [13]. 

operates in a similar mechanism with illuminance control (CICS). 

 

2.3Future trends of smart building lighting 

systems  

Smart building is one of vital elements in smart city 

concept. A smart building can provide intelligent 

facilities for building’s occupants with better 

understanding on current building information 

through communication system such as humidity, 

temperature, lighting and weather [34]. A smart 

building lighting system in Figure 5 is also equipped 

with Internet-of-Things (IoT) based smart lighting 

control systems to support the emerging trend of 

future smart buildings. The IoT based smart lighting 

control system is designed to improve the building 

energy efficiency through Building Energy 

Management System (BEMS) [21]. There are three 

conceptual layers approach for the smart lighting 

control system which consists of Layer 1 for sensing, 

delivery, and management layer, followed by Layer 2 
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for processing and modelling and finally, Layer 3 for 

smart building services which in this case provide 

visual comfort towards buildings’ occupants [22]. 

Information obtained from the lighting system will be 

the input for the illumination level, and linked with 

other facilities such as heating, ventilating and air-

conditioning (HVAC) control services [24, 35]. Thus, 

all these valuable data can be obtained through Wi-Fi 

access and the information are available for further 

analysis on the building energy management control 

system to achieve energy-efficient building [13, 20]. 

 

Smart building is the combination of the architectural 

design, interior design, mechanical and electrical 

system to make sure all the control and automation 

systems are easily controlled without human 

interference [15]. The lighting system in a smart 

building can be operated in several different modes, 

which are Manual, Auto, and Hybrid for various 

applications [13]. The wireless sensor and actuator 

network will collect the data based on the use of 

smart personalized LED light of the occupants in the 

building [22]. The sensing, delivery, and 

management layer collect the data and provide it as 

inputs that are required from the sensors for the IoTs 

to become as an ecosystem. The main components 

are the sensors and actuators that can be self-

configured and controlled through the Internet, 

different monitors, and available software. The 

common language and data model are needed to deal 

with the heterogeneity of the data source [36]. The 

sensors of lighting systems can be used to monitor 

the electrical energy consumption and provide data 

for the management to re-evaluate the lighting 

control strategies. Table 3 shows a comparison 

between the lighting control system in the existing 

building and smart building. There are several factors 

that have been identified for building energy 

efficiency improvement. As an example, existing 

buildings still use simple lighting control systems 

which are easily installed whereas smart building 

uses the IoT based BEMS including the smart 

lighting control system [20]. 

 

 

 
Figure 5 Lighting system in smart building 

 

Table 3 Comparison between existing buildings with current lighting control system and smart building 

 

 

Parameters Existing building Smart building 

Installation cost Low High 

Building energy consumption High Low 

Operation mode Manual Auto and Hybrid 

Monitoring of building energy 

consumption 
Difficult Easy 

System error severity and 

maintenance 

Need human interference to locate the 

error  

No human interference is needed to locate the 

error  

Cyber-security No effect Severe effect 
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3.Conclusions 

As the conclusion, the smart building uses a BEMS 

system resulting in high energy saving compared to 

the existing building that uses a simple lighting 

control system. BEMS combines effective sensors 

and energy consumption reduction strategies such as 

predictable occupancy control strategy, real 

occupancy control strategy, constant illuminance 

control strategy, and daylight harvesting control 

strategy with IoT application. Even though the smart 

building has higher installation cost, but it provides a 

significant reduction in building energy consumption 

and reduce the greenhouse effect. Soon, the smart 

building concept should be implemented in higher 

energy consumption buildings for more efficient 

building energy management. 
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