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1.Introduction 
Energy conservation is a growing issue in today's 

world especially in controlling building's energy 

consumption [1]. This is due to the global warming 

issue caused by carbon emissions especially from the 

generation of energy from fossil fuels which is a 

major concern for the environment [2]. For 

Peninsular of Malaysia, the baseline CO2 for 

electricity generation is 0.694 tCO2/MWh based on 

study in 2014 [3]. Institution of higher learning such 

as university could play a significant role in reducing 

energy consumption and promoting energy efficiency 

and sustainability in its operation [4, 5]. For 

Universiti Malaysia Perlis (UniMAP) that is located 

at the northern part of the Peninsular Malaysia, its 

main campus consumed 14639 MWh of electricity in 

2019. This amount of energy is enormous and needs 

attention from campus residents.  

 

 
*Author for correspondence 

 

Based-on the observation, lack of energy 

conservation practices and awareness on 

environmental sustainability are among the main 

causes. Recently, UniMAP has taken initiatives to 

plan and implement energy efficiency practices that 

focused on buildings at its main campus which is 

parts of university’s sustainable campus program. 

 

To reduce building energy consumption, retrofitting 

energy efficient technologies is preferable than 

reconstructing to improve building energy 

performance [6]. One of the essential steps in order to 

improving energy efficiency is by performing energy 

audit [7]. Conducting an energy audit and 

implementing its recommendation will resulting 

reduction of the energy consumption of the building 

hence lowering the electricity bill without 

compromising the comfort [8]. For educational 

buildings, internal lighting contributes considerable 

amount of energy consumption [9]. Therefore, the 

purpose of this paper is to highlight the performance 
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of smart lighting control system for restrooms where 

the project was carried out at the Faculty of 

Electronic Engineering Technology, UniMAP. 

 

The objectives of this paper are as follows: 

1. To investigate the energy profile of the restrooms 

through energy audit.  

2. To design and develop the lighting control system 

based on zone area as energy saving solution. 

3. To monitor and evaluate the effectiveness of the 

designed lighting control system as energy saving 

solution. 

 

This paper is organized in the following manner: 

Introduction and objectives of the research work are 

described in Section 1 while related literature reviews 

are presented in Section 2. Section 3 explained the 

methods involved while Section 4 presented the 

results and discussion. Lastly Section 5 summarized 

the conclusion. 

 

2.Literature review  
Various methods and approaches that could increase 

the energy efficiency in buildings have been studied 

by researchers. A research by [10] has investigated 

the technique of controlling light brightness with 

light dependent resistor (LDR) sensor and occupancy 

sensor such as passive infrared (PIR) sensor which 

will utilize the smart phone as one of the devices to 

control the system. A study by [11] has suggested 

that by replacing the fluorescent tube lamps with 

LED type will offer superior energy saving to an 

average 48.47% reduction in energy consumptions.  

 

Control strategies related to the sensing-based has 

been reviewed by [12], which are occupancy and 

daylight based strategies which also included 

techniques of positioning the sensor, sensor 

technologies and assessment of energy usage. The 

conclusion was the occupancy pattern and building 

characteristics are the main factors contributing to 

higher energy savings of sensing-based strategies in 

commercial buildings and mixed strategy could 

produce up to 95% energy savings compared with 

other strategies. A research by [13] has proposed a 

street lighting control system to provide a reduction 

in power consumption by dimming the brightness of 

the lamps which could reduce monthly energy usage 

up to 40%.   

 

A comparative analysis has been carried out by [14] 

on day-light level-based strategies which are 

switching daylight and dimming daylight through 

software simulation for a hotel building. Their study 

has shown considerable decrease in the electricity 

usage can be achieved using daylight-based lighting 

control between 30-40% energy saving. Another 

study by [15] has proposed an intelligent system that 

incorporate six lighting control operations for 

commercial and residential buildings. Based on 

experimental results, both switching and dimming 

control could decrease energy usage up to 68% 

during typical days. 

 

A dimming control system of office lighting based by 

coordinating the access control system and the 

lighting control system has been proposed by [16] 

where the presence or absence of employee in a floor 

will determine the light dimming rate. Based on 

evaluation, the system could reduce about 25% 

power consumption of lighting in office. A research 

conducted by [17] has concluded that every lighting 

control technologies have their own respective 

contribution elements that will determine the success 

of energy efficiency project. Factors such as 

building's orientation, natural daylighting, building's 

orientation, type of task executed and occupant's 

comfort must be considered since it will affect the 

energy saving performance. A work by [18] has 

found the occupancy density is one of the 

contributing factors for university's building energy 

consumption. Therefore, a new approach in 

determining the Energy Efficiency Index (EEI) has 

been proposed by including this factor in the EEI 

calculation. Another approach is by controlling the 

air-conditioning unit where a study by has shown an 

average savings of 32% per day from 

microcontroller-based ACU controller [19]. A study 

from [20] has proposed implementation of solar PV 

system under the net energy metering (NEM) scheme 

for university buildings. From evaluation, energy 

reduction between a quarter to one million ringgit of 

annual electricity bill could be achieved by the 

university depending on the sizing capacity.  

 

A walkthrough audit was conducted by [21] to 

determine the load consumption profile of the hostel 

buildings. Based on the audit report, up to 50% 

reduction of energy cost could be achieved by using 

energy efficient lamps with payback period less than 

10 years. Another potential energy saving project has 

been studied by [22] for outdoor lighting applications 

including the roads, footpaths, and garden lights. As a 

result, 762 MWh of electricity could be saved per 

year by implementing combination of retrofitting the 

lighting and dimming control systems. Another 

energy efficiency strategy has been proposed by [23] 

to improve the lighting performance of a service 
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building at Rest and Service Area that continuously 

operates for 24 hours daily. Based on the simulation 

results, 17% of energy saving could be met by 

decreasing the overall time operation while another 

49% reduction from daylight control dimming 

system. A research has been conducted by [24] to 

compare various types of lamps in terms of energy 

saving performance. Based on the analysis, smart 

LED bulb consumed the lowest electricity compared 

to halogen, CFL and LED, only when it is dimmed 

and is remotely controlled. Has proposed strategies 

aiming to improve energy efficiency at Sharm-

Elshiekh airport [25]. Based on the simulation, 57% 

of lighting load could be reduced by using LED 

technology while up to 25% of monthly electricity 

usage could be saved by using fuzzy control system 

without affecting the comfort level of the occupants. 

 

3.Methods 

In this section, methodology procedures of the 

project have been discussed which include initial 

study and field measurement of the energy 

consumption for lighting system during pre-retrofit 

condition, design, and development of the lighting 

control system and lastly analysis of the designed 

system in post-retrofit condition after installation. 

 

3.1Initial study   

Initial study of energy consumption has been done by 

investigating the project site through energy audit at 

Faculty of Electronic Engineering Technology 

Complex, UniMAP. Overall, there are 12 buildings 

within the complex area. However, restrooms are 

located at selected buildings as shown in Table 1 

where there are totally 30 restrooms available 

including 2 for disabled.  There are 280 units of 2ft 

fluorescent tube lamps with 18W rated power that are 

installed in all restrooms where the number of lamps 

for each restroom varies according to the restroom’s 

area size and building location.  In general, the 

utilization hours of the restrooms are for 10 hours 

from 8.00 am until 6.00 pm every day from Monday 

until Friday which is during office hours. Based on 

energy audit, it is observed that the timing operation 

is controlled by security or maintenance personnel 

hence sometimes the power supply is not turn-off and 

continuously operates for 24 hours. This situation has 

led to waste of electricity supply. 

 

Table 1 No. of restrooms and lamps at faculty of electronic engineering technology complex 

Building No of restroom No. of lamps  Total power (kW) 

Building 1 4 56 1.008 

Building 2 5 42 0.756 

Building 5 7 62 1.116 

Building 7 4 40 0.720 

Building 9 6 60 1.080 

Building 12 4 20 0.360 

 

3.2Field data measurement  

The field data measurement has been carried out to 

investigate the actual daily energy profile of the 

restrooms. In addition, the contribution of each 

building’s restroom to the total power consumption 

of the restroom within the complex could also be 

identified. These data are essential prior starting any 

energy saving solution. The PEL103 Power and 

Energy Logger device is used for conducting energy 

studies and data logging for this project. It has been 

installed at each building’s switch board room within 

the complex. All electrical safety precautions and 

procedures have been followed prior to this 

measurement. 

 

The recorded daily energy profile for restrooms in 

Building 2 is shown in Figure 1. The result showed 

the loads are switched-on around 8:00 AM and 

remains in operation until it been switched off around 

6:00 PM.  From this trend, it can be concluded that 

there is no energy conservation activity been 

implemented. In addition, based on observation the 

restrooms are not used all the time where sometimes 

there is a long interval before somebody reused is 

again. Hence, this is an opportunity to conserve 

energy during the interval of unused time if the lamps 

could be turned off. 

 

Based on the recorded data, the total energy 

consumption for all restrooms within the complex is 

50.4 kWh per day. If university operates 5 days pe 

week and 48 weeks per year, then the annual energy 

consumption for all restrooms is estimated to be 

12096 kWh. This amount of energy is equivalent to 

RM 4415 of electricity bill at rated tariff of RM 0.365 

per kWh. 

 

In addition, the contribution of each building’s 

energy consumption at Faculty of Electronic 

Engineering Technology also have been identified. 
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As shown in Figure 2, restrooms at Building 5 and 

Building 9 consumed the highest amount of energy 

with 22.1% and 21.4% respectively. This is due to 

the Building 5 dan Building 9 that have three floors 

compared to other buildings which are only 2 levels 

therefore many restrooms available.  Moreover 

Building 1, Building 2 and Building 7 contributed 

20.0%, 15.0%, 14.3% each while Building 12 

consumed the least with only 7.1%. 

 

 

 
Figure 1 Daily energy profile for restrooms at Building 2 before retrofit 

 

 
Figure 2 Percentage of energy consumption based on building 

 

3.3Proposed energy saving solution 

The lighting system control based on zone is 

proposed as energy saving solution where the basic 

block diagram the proposed system is shown in 

Figure 3 below. The system consists of passive 

infrared (PIR) motion sensor as input while Arduino 

UNO, an open-source microcontroller board is used 

as the main controller. A relay module, which is an 

electronically operated switch, is used as interface 

between the controller and lighting circuit. Depends 

on the number of outputs, four channels relay module 

is preferred with maximum voltage rating of 250V 

and maximum current rating up to 10A for every 

relay. Each restroom will be divided into two zone 

areas where a PIR motion sensor will be installed at 

each zone to detect movement. The sensor could 

detect motion from all 360
o
 direction and up to 7 m 

distance by measuring changes in the infrared levels 

emitted by surrounding objects. Once movement is 

detected, the sensor will trigger signal to the 

microcontroller which then will activate the relay 

module to switch on the lamps. The sensitivity of the 

sensor and time delay could be adjusted according to 

the requirement. Each microcontroller can control up 
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to four zones covering two restrooms that located 

nearby (usually side by side) where each zone is 

programmed to operate independently.  The system is 

powered by a standard single phase 230V 50Hz 

voltage supply and consumed minimum amount of 

energy to power up the controller circuit. 

 

Figure 4 shows the flowchart of the proposed system 

operation. The initial condition starts with switching 

on the power supply which will turn-on the lamps. 

The setting for the time delay is programmed to 10 

minutes where if no movement detected within the 

interval, the microcontroller would send signal to the 

relay module to disconnect the power supply hence 

turning off the lamps. If movement detected within 

the 10 minutes interval, the lamps would continue to 

operate normally. This operating condition will 

continue until the power supply is switched-off 

manually. For beginning, the 10 minutes delay is 

selected based on observation, but it can be changed 

based on feedback from users such as to request 

longer interval. The fully developed system will be 

installed by retrofitting the existing wiring system. 

This modification works will be done by certified 

electricians with permission from the university.  
 

In general, energy saving from this project could be 

obtained from Equation (1): 

 

ES = EBR – EAR     (1) 

 

where ES is energy saving in kWh, EBR is energy 

usage before retrofit in kWh and EAR is energy usage 

after retrofit in kWh. In addition, the cost saving 

could be calculated from Equation (2): 

 CS = ES × TR     (2) 

 

where CS is cost saving in Ringgit Malaysia (RM), 

ES is energy saving in kWh and TR is tariff rate for 

the building in RM per kWh.  

 

Currently, the university is using Tariff C1 (Medium 

Voltage Commercial) with tariff rate is at RM 0.365 

per kWh. 

 

 

 
Figure 3 Basic block diagram of the proposed system 
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Figure 4 Flowchart of the proposed system operation 

 

4.Results and discussion  
The designed smart lighting control system has been 

successfully installed in all 30 restrooms at Faculty of 

Electronic Engineering Technology Complex. The 

number of motion sensors allocated for each building 

are shown in Table 2 where two sensors are installed 

at each restroom. For disabled restroom, only one 

sensor is installed because of its smaller area size. In 

total, 58 unit of motion sensors have been utilized for 

this project. 

 

Similar to the pre-retrofit condition, PEL103 Power 

and Energy Logger device has been used to monitor 

the performance of the new designed system. The 

result shows significant drop in energy consumption 

for restrooms on every building. As shown in Figure 

5, the amount of daily energy consumed has drop 

drastically for every building after the retrofit. 

Generally, the amount of energy consumed per 

restroom is in the range between 20-30% per day 

only compared to the pre-retrofit condition. In 

average, the amount of energy consumed has 

significantly reduced to 22.5% per day hence resulted 

in 77.5% of saving in terms of electricity usage. 

This result is due to the motion sensors operation that 

will only turn-on the lighting when it sensed the 

movement and will automatically turn-off the supply 

when no movement detected within interval period of 

10 minutes as shown in Figure 6 where the power 

supply is observed to turn-on and turn-off repeatedly 

during daytime compared to the continuously turn-on 

during pre-retrofit condition. In addition, the 2 

sensors used for each restroom have also increased 

the efficiency of the system where in certain times, 

only half of the lamps turned-on. This result has 

given tremendous benefits to the university operation. 

As shown in Figure 7, the annual energy 

consumption specifically for restrooms has plunged 

to 2719 kWh from 12906 kWh before retrofit while 

the electricity cost at rated price of RM 0.365 per 

kWh, has fall to less than RM 1000 per year after 

retrofit from RM 4415 previously. Overall, the 

university could save 9377 kWh of electricity from 

this project and reduced RM 3423 of from electricity 

bill per annum. In addition, this project also 

contributes to the environmental sustainability where 

9377 kWh of electrical energy that has been 

successfully reduced is equivalent to 6508 kg of CO2 

avoidance to the environment. 
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Table 2 No. of motion sensor installed according to building 

Building No. of motion sensor installed 

Building 1 8 

Building 2 9 

Building 5 13 

Building 7 8 

Building 9 12 

Building 12 8 

 

 
Figure 5 Comparison of energy consumption before and after retrofit for each building 

 

 
Figure 6 Daily energy profile for restrooms at building 2 after retrofit 
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Figure 7 Comparison of annual energy and cost before and after retrofit 

    

4.1Limitation of the approach 
This research work focused on the technical side of 

the designed system. However, the economic aspect 

of the system is not included in this study such as 

initial investments cost which cover the components 

and installation process, annual maintenance cost and 

lastly the lifetime of the system. The engineering 

economic tools such present worth analysis could be 

used to evaluate the viability of this project 

economically in addition to the technical aspect. 

 

5.Conclusion and future work 
The performance of smart lighting control system for 

restrooms has been presented in this paper. Overall, 

58 motion sensors have been installed at 30 

restrooms at Faculty of Electronic Engineering 

Technology Complex, University Malaysia Perlis. 

The result shows that in average 77.5% of reduction 

in energy consumption per day for each restroom. 

This situation has given tremendous benefits to the 

university operation where the university could save 

9377 kWh per year and reduced RM 3423 from 

electricity bill per annum. In addition, this project 

also contributes to the environmental sustainability 

where the amount of electrical energy that has been 

successfully reduced is equivalent to 6508 kg of CO2 

avoidance to the environment. 

 

In future, the implementation of this smart lighting 

control system could be extended to other facilities 

within the campus such as lecture halls and offices 

due to its ability to reduce electricity consumption. In 

addition, data logger module with Internet of Things 

(IoT) capability could be added for real time data 

monitoring to enhance the features of the existing 

design framework.  
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