
Journal of Power and Energy Engineering, 2026, 14(6), 29-41 
https://www.scirp.org/journal/jpee 

ISSN Online: 2327-5901 
ISSN Print: 2327-588X 

 

DOI: 10.4236/jpee.2026.146003  Jun. 30, 2026 29 Journal of Power and Energy Engineering 
 

 
 
 

Simulation-Based Evaluation of LED Lighting 
Retrofit for Energy Efficiency in Institutional 
Residences 

Nur Zawani Binti Saharuddin1, Fatin Damiea Binti Nasruddin1, Izdihar Binti Kamal2,  
Ezreen Farina Binti Shair1 

1Faculty of Electrical Technology and Engineering, Universiti Teknikal Malaysia Melaka, Durian Tunggal, Malaysia 
2Faculty of Science, Universiti Putra Malaysia, Selangor, Malaysia 

 
 
 

Abstract 
The consumption rate of energy in higher education institutions has been ris-
ing steadily in recent years as a result of the expansion of campus facilities, 
increased working hours, and the increase in the number of students. In these 
settings, residential structures constitute a large proportion of aggregate elec-
tricity consumption, with lighting systems running over extended hours, and 
with lighting systems having a direct impact on energy consumption and com-
fort of occupants. Consequently, the enhancement of the performance of light-
ing systems has become one of the priority areas of the institutional energy 
efficiency programs. Lighting system performance dictates energy consump-
tion in institutional residences, and as such, it is one of the priority areas in 
which efficiency can be improved. Satria Residence College is a campus that is 
now using traditional Fluorescent (FL) lamps at Universiti Teknikal Malaysia 
Melaka (UTeM), which are adding to the overconsumption of power and in-
creasing maintenance expenses. To overcome these difficulties, it is necessary 
to replace FL lamps and conduct a regular analysis of other designs prior to 
implementation. The paper is a simulation analysis of a retrofitting measure, 
which substitutes FL luminaires with Light Emitting Diode (LED) luminaires. 
A preliminary model of the existing setup was developed with the DIALux Evo 
to determine baseline values of the illuminance, uniformity, and energy re-
quirements. It therefore led to re-simulation of the same layout with LED lu-
minaires under the same conditions, and this provided a direct comparison of 
the two lighting qualities and energy performance. The assessment model fo-
cused on the adherence to the Malaysian Standard MS1525, although the vis-
ual comfort requirements were also met. The findings reveal that retrofitting 
to LED luminaires results in quantifiable changes in lighting performance in 
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terms of energy efficiency. These results show the usefulness of simulation-
based assessment when looking at retrofit decisions in relation to institutional 
homes. The research not only provides a methodological source of infor-
mation on sustainable lighting upgrade within UTeM but also advances the 
broader objective of energy efficiency in campuses.  
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1. Introduction 

The increased interest in sustainability has placed lighting efficiency in greater fo-
cus, especially in institutions and home settings where energy consumption has 
been striving to increase [1]. Research indicates that well-designed lighting can save 
a lot of energy and increase occupant comfort, which is a major aspect of sustain-
able building design [2] [3]. Nevertheless, technical efficiency is not enough to 
overcome the difficulties of modern energy management, and more comprehen-
sive strategies should be developed to reveal the complete potential of lighting 
systems [4]. The shift to Light Emitting Diode (LED) technology is trending in the 
international sustainability agenda as it has cost, social and environmental ad-
vantages [5]. 

Residential colleges are one of the highest energy-intensive buildings in Malay-
sian universities, and the lighting in these buildings comprises over 50% of the 
total use [6]. Therefore, the need to respond to this demand involves efficient 
equipment as well as considerate design practices. When combined with proper 
planning of layout, high-performance luminaires can provide the adjustment to 
the recommended illuminance levels [7]. Simultaneously, studies emphasize the 
necessity of minimizing the number of unwarranted energy consumption in ac-
cordance with innovative approaches like the ability to combine the building man-
agement system [8]. The use of the traditional Fluorescent (FL) lamps at Satria 
Residence College, Universiti Teknikal Malaysia Melaka (UTeM), is still adding 
more to the expenditure and energy consumption, which explains the need to im-
plement sustainable retrofitting programs as soon as possible [9]. 

The development of LED technology also offers a feasible solution to such de-
velopments [10] [11]. LEDs are also more robust, use less energy and have a 
greater luminous efficacy compared to FL lamps [7]. It is also very appropriate to 
use as a simulation-based evaluation, as it allows the designers to know how it will 
perform before actual implementation. The previous research has proven that ret-
rofitting with LED produces beneficial effects on the environment and economy 
as it reduces maintenance expenses and energy consumption over the long term 
[12]. 
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The human aspect of the lighting design should also be considered. Lighting 
quality has been demonstrated to determine the productivity, health and well-be-
ing of students in residential and educational settings [13]. It was shown that en-
ergy efficiency could be attained without compromising visual comfort, and opti-
mized lighting has a positive impact on both physiological and performance re-
sults [14]. It is important to note that this compromise between efficiency and 
comfort is especially critical in the university residences, where lighting is vital to 
the day-to-day activities of the students [15]. 

In organizations such as UTeM, these factors present an opportunity to replace 
traditional fluorescent (FL) lamps with LED luminaires. With the aid of simula-
tion and modelling software such as DIALux Evo, it is possible to model the per-
formance of different lighting configurations, analyse them in accordance with 
lighting standards, and validate the results [16]. Accordingly, this paper examines 
the retrofit of LED luminaires in Satria Residence College, with particular empha-
sis on simulation-based evaluation to ensure compliance, improve energy effi-
ciency, and enhance occupant comfort [17]. This study focuses specifically on the 
living halls and toilet spaces in the Lekir Building at Satria Residence College, 
UTeM, as representative residential spaces with continuous lighting usage. The 
study boundary is limited to evaluating the existing fluorescent lighting system 
and its replacement with LED luminaires using DIALux Evo simulation under 
identical spatial conditions. 

2. Methodology 

This chapter explains how the study was carried out, starting with data collection 
and proceeding to how the simulation of a smart lighting system at Satria Resi-
dence College, UTeM, was carried out. This was aimed at creating a lighting ar-
rangement that enhances energy efficiency. In the meantime, it is significant to 
maintain the visual comfort of the students, especially in the common facilities, 
like student living halls and the student toilets. This methodology involved the 
analysis of the current lighting layout that was imported into DIALux Evo and 
simulated current performance with FL lamps. The same setup was again simu-
lated with LED luminaires so that a direct comparison of the illuminance levels, 
the quality of lighting and energy consumption can be made. 

2.1. Research Design 

The research design will describe further avenues to be taken in this research, in-
cluding evaluating the current lighting system through the simulation and evalu-
ation of retrofitted alternatives. It acts as a guide by which all stages of the work 
are linked together so that the objectives are approached logically and in an orga-
nized manner. The entire process is depicted in Figure 1, displaying the flowchart 
of the study.  

The research process will commence with the identification of the current light-
ing infrastructure at the Satria Residence College, UTeM. The information about  
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Figure 1. Flowchart of the study. 
 
the quantity, the character, and the layout of FL lamps were taken at this stage to 
develop a transparent image of the existing system and its energy efficiency. This 
is an important step towards the identification of the given state of affairs before 
any changes are suggested. 

The second step was to model the current setup of DIALux Evo software [18]. 
Simulating the current design using FL lamps, the energy consumption and the 
compliance with the Malaysian Standard MS1525 [19] were calculated. It is based 
on this baseline analysis that a comparison of the current installation and other 
designs was done [20]. 

The simulation environment had FL lamps, which were switched with LED lu-
minaires once the baseline had been set. This step allowed the post-retrofit per-
formance to be assessed at the same spatial and operational conditions. Parame-
ters like levels of illuminance, energy requirement and uniformity of distribution 
were evaluated to establish how the retrofit could enhance overall efficiency. 
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The next step was dedicated to the analysis of the developed LED-based lighting 
setup. This analysis was done by observing that the proposed retrofit was in com-
pliance with the minimum lux requirements as stipulated in residential and edu-
cational building standards. The result of this step decided whether the design 
would continue or it would need additional changes. 

Lastly, in case the minimal lux requirement was met, the suggested setup was 
adopted as the most appropriate design to be used in the study. This was the con-
clusion of the study process, which offered a reviewed lighting solution that en-
sures energy saving and yet students in Satria Residence College are comfortable 
with the visuals. 

The DIALux Evo simulations were developed using the actual dimensions and 
lighting layouts of the selected living halls and toilet spaces in Lekir Building. The 
simulation inputs included room dimensions, luminaire quantity and placement, 
mounting height, lamp wattage and luminous flux, surface reflectance values for 
ceiling, wall, and floor finishes, maintenance factor, and working plane height. 
Existing FL luminaires rated at 28 W and proposed LED luminaires rated at 20 W 
were simulated under identical spatial configurations to ensure a fair comparison. 
Standard indoor assumptions available in DIALux Evo were applied, while day-
light contribution and automatic lighting control systems were excluded to main-
tain consistency between baseline and retrofit simulations. 

2.2. Compliance with Malaysian Standard for Lighting Guidelines 

The assessment of the lighting design was based on the Malaysian Standard 
MS1525 [19], which specifies the illuminance and lighting uniformity require-
ments for residential and educational buildings. These criteria were applied dur-
ing the DIALux Evo simulation process to ensure that the proposed LED retrofit 
satisfied the required visual comfort and safety conditions [21]. In addition to 
MS1525:2014, several lighting standards were incorporated to provide a more 
comprehensive evaluation of lighting performance. EN 12464-1 was referenced 
for indoor lighting quality and uniformity assessment, while CIBSE recommen-
dations were applied to circulation and walkway spaces. This combination of 
standards enabled the study to address both local compliance requirements and 
international visual comfort practices. Table 1 summarizes the minimum illumi-
nance and uniformity criteria for the functional spaces evaluated in Satria Resi-
dence College, UTeM. 
 
Table 1. Standard regulation. 

Space Types 
Illuminance 

Standard 

Min. 
Illuminance 

Lux (lux) 

Uniformity 
Standard 

Min. 
Uniformity 
Ratio (Uo) 

Residence Room 

MS1525 

100 

EN 12464-1 
0.6 

Toilet 100 

Cafeteria/Dining Area 200 0.4 
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Continued 

Office/Study Area 
 

300 - 400  0.6 

Corridor/Walkway 100 CIBSE 0.4 - 0.5 

2.3. Cost Payback Analysis 

To determine the financial viability of the proposed changes on the replacement 
of the current FL lamps with LED luminaires in Satria Residence College, UTeM, 
a cost analysis was done. As a result, the baseline energy consumption of the FL 
was compared to the simulated performance of the LED system. The analysis was 
based on a 24-hour daily operating schedule, which represents normal usage in a 
residence college where lighting is always necessary. The annual energy savings 
for each luminaire were calculated by comparing the power consumption of FL 
and LED luminaires. The annual energy savings for each lighting point were com-
puted using Equation (1) [22]: 

 ,savedE P H= ×  (1) 

where P is the power differential between FL and LED luminaires and H is the 
total number of hours in a year. The corresponding cost savings were computed 
using Equation (2):  

 RM0.365.saved savedC E= ×  (2) 

Tenaga Nasional Berhad sets a standard tariff of RM0.365 per kilowatt-hour 
(kWh) for institutional consumers in Peninsular Malaysia. The investment cost 
per luminaire is estimated at around RM100, which depends on market rates for 
commercial-grade LED products available in Malaysia. The simple payback pe-
riod was then determined using the conventional financial expression in Equation 
(3) [7]. 

 
Investment CostPayback Period .

Annual Cost Saving
=  (3) 

This section describes the entire study process utilized in the strategic installa-
tion of a retrofitted LED lighting system at Satria Residence College, UTeM. The 
process has started by evaluating the current lighting structure and efficiency. 
Simulations of FL and LED luminaire configuration using DIALux Evo. To guar-
antee illuminance and uniformity provisions, such simulations were compared 
with the Malaysian Standard MS1525:2014 [19], European Standard: EN 12464-1 
[23], and Chartered Institution of Building Services Engineers (CIBSE) standards 
[24]. It is worth noting that the analysis of costs and payback assumptions was 
created to ascertain the economic viability of the upgrade of LED lighting in the 
student houses [22], especially in the scenario of student houses where lighting is 
on at all times of the day. 

3. Results and Discussion 

The following section depicts the findings of the simulation process of the retro-
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fitted LED lighting system within the Satria Residence College, UTeM. The main 
objective of the given study was to assess the existing lighting performance of FL 
lamps and compare it to an improved system in which LED luminaires were used 
to make the performance more efficient. Lighting arrangements were simulated 
in the various areas of the Satria Residence College, such as living halls and toilets, 
using the DIALux Evo software. These simulations will find out whether it meets 
the requirements of the MS1525:2014 [19] and the EN 12464-1 [23] lighting stand-
ard. A new lighting model was developed after the review based on LED lumi-
naires. In this research, the Lekir Building was selected as the representative case 
study because it contains highly occupied residential spaces with long daily light-
ing operating hours, particularly in the living halls and toilet areas. These spaces 
represent common lighting conditions across Satria Residence College and there-
fore provide a practical basis for evaluating retrofit performance. The findings ob-
tained from the selected case spaces were subsequently extended to the full light-
ing inventory of the residential college, involving an estimated total replacement 
of 718 luminaires, in order to estimate campus-level energy savings and economic 
benefits. 

3.1. Case Study 1: Living Halls in Lekir Building at Satria 
Residence College 

The Lekir building was tested to evaluate the lighting performance in the living 
hall to determine efficiency in terms of energy consumption and visual comfort. 
The living hall is often used as a common room wherein students have group dis-
cussions, social gatherings and other occasions. The existing FL lamps and a sug-
gested LED retrofit were compared. 

1) Current Lighting Configuration using Fluorescent Lamp 
The recreational and social activities that involve the living halls in Figure 2 

have to be provided with a comfortable and reliable lighting environment. Ac-
cording to the MS1525 guidelines [19], it is recommended that the minimum il-
luminance level should be 100 lux and the uniformity ratio should be at least 0.6. 
The FL lamps simulation indicated that the average illuminance of the lamps was 
217 lux, with a uniformity of 0.78. These values reveal that the FL current setting 
of the living halls is bright and corresponds to the minimum requirements in 
terms of providing students with the necessary comfort. 

2) New Lighting Configuration using LED Luminaires 
Simulation of LEDs in Figure 3 showed that the living halls had an average 

illuminated value of 269 lux and a uniformity ratio of 0.8. These values are beyond 
the minimum of 100 lux and 0.6 uniformity of MS1525, indicating that the con-
ditions of lighting are appropriate for social activities. 

3) Comparison of using Fluorescent Lamp and LED Luminaires 
The lighting simulation data was also examined to draw a comparison on en-

ergy performance between current FL lamps and the proposed LED luminaires, 
as presented in Table 2. The parameters assessed include illuminance levels, uni-
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formity, power usage, annual energy consumption, and energy consumption. The 
detailed discussion of illuminance and uniformity has been presented in earlier 
sections, and both systems met the minimum requirements outlined in MS1525. 
The LED retrofit was intended to provide at least equivalent lighting service while 
improving energy efficiency. Due to the higher luminous efficacy of LED lumi-
naires compared to FL lamps, the simulated LED configuration produced higher 
illuminance levels despite operating at lower power consumption. This demon-
strates that improved visual performance can be achieved simultaneously with re-
duced energy demand. 
 

   

Figure 2. Living halls using FL lamps. 
 

 

Figure 3. Living Halls using LED Lamps. 
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Table 2. Comparison of using FL and LED at living halls. 

Type of 
Luminaire 

Illuminance 
Level (lux) 

Uniformity 
Annual Power 
Consumption 

(kWh/a) 

Energy 
Consumption 
(kWh/m2∙a) 

FL 28W 217 0.78 26,100 17.3 

LED 20W 269 0.80 18,600 12.4 

3.2. Case Study 2: Toilets in Lekir Building at Satria Residence 
College 

An evaluation of the toilets in the Lekir building was also conducted. Adequate 
lighting in these spaces is essential to support safety, hygiene, and comfort. How-
ever, it often represents an overlooked area for potential energy savings. This case 
study, therefore, compared existing FL lamps with LED-based designs to deter-
mine the extent of improvement achieved through retrofitting. 

1) Current Lighting Configuration using Fluorescent Lamp 
Toilets require consistent illumination to support safety and functionality in 

daily use. Figure 4 illustrates an average illuminance of 283 lux with a uniformity 
of 0.87. These values indicate that the toilets are highly illuminated and well above 
the recommended minimum, suggesting potential over-illumination in the cur-
rent configuration. 
 

   

Figure 4. Toilets using FL lamps. 
 

2) New Lighting Configuration using LED Luminaires 
The toilets were simulated using LED luminaires in Figure 5, which recorded 

an average illuminance of 348 lux with a uniformity ratio of 0.85. These values are 
well above the MS1525 minimum requirement of 100 lux with 0.6 uniformity, 
suggesting that the lighting conditions are more than sufficient for safe and effec-
tive use of the toilet facilities. 
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Figure 5. Toilets using LED luminaires. 
 

3) Comparison of using Fluorescent Lamp and LED Luminaires 
The lighting simulation data was further analyzed to compare energy perfor-

mance between the existing FL lamps and the proposed LED luminaires, as shown 
in Table 3. The parameters assessed include illuminance levels, uniformity, power 
usage, annual energy consumption, and the energy consumption. The detailed 
discussion of illuminance and uniformity has been presented in earlier sections, 
and both systems met the minimum requirements outlined in MS1525. Lighting 
simulation data was also examined to draw a comparison on energy performance 
between current FL lamps and the proposed LED luminaires, as presented in Ta-
ble 3. The parameters assessed include illuminance levels, uniformity, power us-
age, annual energy consumption, and the energy consumption. The detailed dis-
cussion of illuminance and uniformity has been presented in earlier sections, and 
both systems met the minimum requirements outlined in MS1525. 
 
Table 3. Comparison of using FL and LED at toilets. 

Type of 
Luminaire 

Power 
(W) 

Illuminance 
Level (lux) 

Uniformity 
Annual Power 
Consumption 

(kWh/a) 

Energy 
Consumption 
(kWh/m2∙a) 

FL 28 283 0.87 5210 4.42 

LED 20 348 0.85 3720 3.15 

3.3. Cost Payback Analysis Results 

The payback analysis for the FL to LED retrofit was performed to assess the finan-
cial feasibility of upgrading the existing lighting system at Satria Residence Col-
lege. The baseline annual energy consumption of the FL lamps was calculated at 
51,464 kWh. In comparison, the simulated LED luminaires configuration showed 
a reduced annual demand of 33,117 kWh. This corresponds to an annual saving 
of 18,347 kWh as shown in Table 4. 
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Table 4. Summary of cost payback analysis. 

Parameters Formula Value 

Annual Energy Saving savedE P H= ×  18,347 kWh 

Annual Cost Saving 0.365saved savedC E= ×  RM6696.66 

Total Investment Cost - RM71800 

Payback Period 
71800Payback

6696.66
=  10.7 years 

 
The total annual cost saving of RM6696.66 using RM0.365 per kWh. In this 

case, the cost of investment was calculated in terms of the total number of lumi-
naires of the building. According to the lighting plan and the simulation, 718 
lamps have to be replaced. Using a lamp-only retrofit method, where FL tubes 
would be replaced by LED tubes and the existing fittings would remain, it was 
estimated that RM100 would be the average cost per point.  

To sum up, the total investment amounted to RM71800. The capital cost was 
divided by the savings per year using the simple payback formula. The payback 
period of 10.7 years might seem quite high in comparison with the commercial 
consideration, since shorter returns are a common priority. Nevertheless, in the 
case of institutional structures like student residences, this duration is viewed as 
reasonable since the building has a very long life of operation. After reaching the 
payback point, the retrofit will still produce continuous financial savings and, in 
the process, it will minimize the energy demand. This renders the investment fi-
nancially sustainable and strategically oriented towards the smart campus vision 
of UTeM and its overall sustainability objectives. 

4. Conclusion 

To sum up, this paper has explored the possibility of retrofitting FL lighting with 
LED luminaires to enhance energy consumption and comfort of the residents at 
Satria Residence College, UTeM. The initial objective was fulfilled by applying to 
DIALux Evo a close evaluation of the present FL layout, which gave a distinct idea 
of the current energy consumption and lighting performance. The second objec-
tive was the replacement of the baseline system with LED luminaires in the simu-
lation setting, which enabled a comparison of them directly in the same condi-
tions. The findings revealed that it is possible to reduce energy use significantly, 
retaining adequate levels of illumination and adhering to the applicable standards. 
Finally, the research was achieved by suggesting a new LED-based design that of-
fers a viable and sustainable solution to institutional houses. In general, the results 
confirm that LED retrofitting is a powerful concept in terms of minimizing energy 
consumption, decreasing the overall expenses on operations, and ensuring the 
quality of lighting in residential buildings. The research also aligns with the pro-
ject of a smart campus in UTeM and the wider interests related to sustainability, 
specifically Sustainable Development Goals 7 (Affordable and Clean Energy) and 
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Goals 12 (Responsible Consumption and Production). 
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