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 This paper presents an assessment by integration of LED T8 tube lamps in 

academic buildings for energy efficiency considerations. The proposed 

project was implemented in conjunction with a national mission, national 

energy efficiency action plan (NEEAP) for 10-year implementation period of 

2016-2025 in reducing allocation on subsidies for efficient expenditure 

towards energy-saving measures. A case of study in a real environment at 

one of the UiTM’s buildings as a target task area has been tested by replacing 

a LED lighting technology in consideration of current operating costs and 

power factor performances. From the results, LED T8 tubes have shown a 

better power factor of 0.89 compared to fluorescent lamps with about 0.61 

and primarily driven by economic benefits in terms of cost savings of up to 

50% with return-on-investment (ROI) 6 months after installation. By 

integrating this technology, nearly 50% of the total energy consumption in 

indoor lighting system could be significantly saved, thus reducing the total 

cost of electricity bills in the future within the target area. 
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1. INTRODUCTION 

The light emitting diodes (LEDs) technology opens new perspective in the lighting field due to its 

higher energy efficiency and lower power consumption. The new cutting edge of LED technology could 

indeed and become more reasonable in a future as a replacement for conventional fluorescent technology that 

is widely used in commercial and industrial spaces either interior or exterior of buildings and roadways 

lighting [1, 2]. As compared to conventional technology such as fluorescent lamp (FL) and compact 

fluorescent lamp (CFL), LEDs have several advantages where it can save around 30% to 50% of energy 

consumption, less maintenance costs, easier handling as well as longer life expectancy [3]. As LED tube 

prices are still expensive as compared to conventional fluorescent technology and the trend of energy 

consumption is very critical among ASEAN countries, the government of Malaysia provides various support 

measures for this technology under energy efficiency program (EEP) through National Energy Efficiency 

Action Plan (2016-2025) and Implementation of EE Projects under 11th Malaysia Plan (2016-2020). A great 

achievement during 2011-2015, where the retrofitting of four existing government buildings resulted in a 

reduction of electricity usage from 4% to 19% per month, which is equivalent to MYR7,000 to MYR130,000 

savings [4]. According to researchers and the energy commission (EC), air-conditioning and lighting systems 

have proven to be the major consumers by 57% and 20% of electricity usage in office buildings in Malaysia 

[5, 6]. Nowadays, LEDs are the newest addition to energy efficient light source listings and are used as one 

of the key components of energy saving strategies [7]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Since the technology of LED lighting advance in recent years, it also be represented as a green 

technology-based, the issue of power quality is becoming more important to overlook [8-10]. The study was 

conducted by Velan et al. [3] shown that the major problem related to power quality such as total harmonic 

distortion (THD), active power and power consumption can be reduced if using LED technology. A similar 

finding was discovered by Mauro et al. [11] under laboratory measurement, which determines the electrical 

quantities and characteristics of CFLs and LED lamps are dissimilar for different manufacturers. According 

to the authors, the obtained current drawn by LEDs are less distorted than CFL lamps, and certain LEDs 

manufacturer gives a good indicator in terms of power factor. In terms of active power, CFLs load varies 

almost linearly with supply voltage when the input voltage is varied, and in contrast to the LEDs are 

appeared to be less dependent on voltage. The study was carried out by Usman et al. [12], where it has 

analyzed the technical aspects of LEDs and CFLs in terms of harmonic, active power consumption, power 

factor, and apparent power. The majority of the findings indicates that LEDs have high current in THD and 

lower in power factor [13, 14]. During the observation, although the apparent power of LED and CFL lamps 

are higher, the stability of LEDs is faster responses than CFLs after being switched on. It has shown that 

LEDs have given more advantages over CFLs. Under controlled conditions, Lin et al. [15], performed a 

comparative study of power quality characteristics on incandescent, CFL and LED lamps with similar 

luminous fluxes. From the result obtained, as active power increases, power factor is decreased. With the 

same luminous flux, the annual cost of electricity indicates that LED is more economical than CFL. This 

study also supported by recent researcher where the number of lighting are chosen to be reduced through 

delamping method and successfully reduced the electricity consumption, especially in maintenance and 

electricity bill [16-18]. 

Several researchers have evaluated the performances of power quality and other issues such as life 

cycle assessment and recycling waste of LED technology either indoor or outdoor building lighting 

applications also found similar findings, where it can be reduced power consumption up to 40%-50%, lower 

THD rates, an increase of power factor and efficiency as well as lower environmental impact [1, 19-23]. It 

has undertaken by Adoghe et al. [24], in domestic lighting applications found that the power factor of LED 

lighting system with a lagging power factor has improved up to 0.85 as compared to conventional fluorescent 

lamps. In most cases, power factor is less important to the residential owner. However, commercial or 

industrial owners may be charged an additional fee by utility provider if their power factor is too low [25]. 

Under Malaysia’s environment, a penalty charges or power factor surcharge is imposed when a power factor 

is less than 0.90 (electricity supply 132kV and above) or less than 0.85 (electricity supply below 132 kV). 

The surcharge of power factor will be charged around 1.5% for every 0.01 less than 0.85 and 3% for every 

0.01 less than 0.75 for customers with electricity supply below 132 kV [26]. Therefore, this study will 

present a comparative study by investigating fluorescent and LED tube T8 lamps in one of UiTM’s buildings 

with current operating costs as well as energy quality of power factor performances on the building lighting 

systems, in conjunction with a national mission towards energy saving measures. On the other hand, this 

study also hopes to create awareness on energy consumption patterns in public universities, especially in the 

use of lighting systems, which can be as a reference point for future activities [27-30]. 

 

 

2. RESEARCH METHOD 

2.1. Lighting system features 

The testing is divided into two types of configuration components; fluorescent and LED tube. The 

testing duration and data recording such as voltage, current and power factor; are conducted within a short 

period of time under 24 hours of operation. The performance testing tested using both fluorescent and LED 

tubes with similar fixtures, based on similar manufacturer brand for benchmark testing. By utilizing LED 

lighting technology as an alternative option, the strategies are to reduce energy consumption and saving 

maintenance costs such as the replacement of tubes and ballasts, over long-term duration. This retrofitting 

can be easily implemented using the existing T8 lighting fitting and casing. Table 1 presents a summary from 

similar manufacturer data on both lighting specification of fluorescent and T8 LED T8 tube lamps. All 

specifications related to the selected lighting system meet the quality of lighting comfort based on the 

requirements of Malaysian Standard (MS 1525:2014) under the recommended average illuminance levels for 

lighting for working interiors [31]. 
 

 

Table 1. Specification T8 lighting of fluorescent and LED tubes [32, 33] 
Description Fluorescent lamp LED tube 

Model FL TL-D LIFEMAX Super 80 Ecofit T8  

Tube Wattage 36 W 16 W 
Lifetime 20,000 hrs 15,000 hrs 

Luminous Flux 3070 lm 1600 lm 

Light Colour/Colour code 6500k/865 6500k/765 
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2.2. Laboratory testing setup 

Under testing set-up, the technical differences between theoretical and actual measurements for both 

T8 lighting lamps in terms of energy consumption and power factor has been investigated. Figure 1 shows 

the process of testing set-up for the fluorescent and LED tube T8 lamps. Both lighting systems have chosen 

from similar manufacturers with the specified power rating is 36 Watt for fluorescent lamp and 16 Watt for 

LED Ecofit tube respectively. All the relevant parameters such as voltage, current and power factor were 

measured and recorded by a single-phase energy and power quality meter via Fluke 43B, as illustrated in 

Figure 2. 
 

 

   
   

(a) (b) (c) 
 

Figure 1. The testing set-up for lighting system Fluke 43B, (a) Installation of a test board, (b) Fluorescent and 

LED lamps, (c) Installation of a single-phase energy and power quality meter 
 

 

  
  

(a) (b) 
 

Figure 2. Recording behaviour monitored by Fluke 43B, (a) Instantaneous sampling, (b) Continuous data  

 

 

2.3. Theoretical case study 

A data survey on the amount of lighting appliances reviewed during walk-through audit, thus the 

energy survey and analysis are made. On the first floor, fluorescent lamp consists of 78 and 23 units for first 

floor with total usage of fluorescent lamp about 101 units in the entire building. The estimated electricity 

costs are calculated according to the price rates based on Tariff C1 (medium voltage general commercial 

tariff). From Table 2, it is shown that the entire building uses annual energy consumption of 9,031.82 

kWh/year with total expenditure cost around MYR 3,296.62 for one-year operation. The building comprises 

of first and second floors where the layout of selected building specifications as shown in Figure 3. In a case 

study, the techno-economic of replacing fluorescent with LED tube lamps was also discussed. 
 

 

Table 2. Number of fluorescent T8 lamps with estimated annual energy consumption and electricity cost that 

comes from building lighting system 
Building Area 

per Floor 

No. of FL 

36W 

(unit) 

Estimated daily energy 

consumption 

(kWh/day) 

Estimated daily 

electricity bill 

(RM/day) 

Estimated annual energy 

consumption 

(kWh/year) 

Estimated annual 

electricity bill 

(RM/year) 

Ground/First  78 25.27 9.22 6,975.07 2,545.90 
Second  23 7.45 2.72 2,056.75 750.71 

Total Building 101 32.72 11.94 9,031.82 3,296.62 

*By assuming nine (9) hours operating hours a day and 23 working days a month, tariff rate C1 
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(a) 

 

 
 

(b) 

 

Figure 3. The layout plan of selected buildings specification, (a) First floor plan, (b) Second floor plan 
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3. RESULTS AND DISCUSSION 

3.1. Measurement and verification 

The overall trend exhibits good agreement with specifications from manufacturers where the average 

power consumption of a fluorescent lamp is around 40 W and 20 W for LED tube respectively, as can be 

seen in Figure 4. As expected, LED tube has higher performance in terms of power factor when the recorded 

data shown that the average power factor is 0.89 better than fluorescent lamp by about 0.61. While, the 

measured power factor of fluorescent and LED tube lies in the range between 0.64 to 0.59 and 1.0 to 0.40, 

respectively during testing set up. Clearly, the usage of LED tube can increase a power factor as well as to 

avoid a penalty charge from utility providers. One of the energy saving strategies, all existing fluorescent 

lamps should be replaced by LED tube lamps that it will help to improve a power factor. 
 

 

  
  

Figure 4. The actual measurement of fluorescent and LED T8 tubes under testing set-up. 

 

 

3.2. Comparative analysis between fluorescent and LED tube T8 lamps 

The implication of energy reduction in building lighting system is estimated in terms of cost savings 

and return-on-investments in between fluorescent with LED tube lamps. By replacing all the existing 

fluorescent lamps in entire buildings with LED lamps, the estimated cost as shown in Table 3. 

 

 

Table 3. Estimated cost saving and return-on-investment based on lighting system in building 
Criteria T8 fluorescent T8 LED 

Average power consumption (W) 40 20 

Working hours per day (h) 9 9 

Annual energy consumption (kWh/year) 10,035.36 5,017.68 
Tariff cost (MYR per kWh) 0.365 0.365 

Cost operation    

Day 13.27 6.64 
One-month  305.24 152.62 

Six-month  1831.45 915.73 

One-year   3662.91 1831.45 
Cost saving    

Day 6.64 

One-month  152.62 
Six-month  915.73 

One-year   1831.45 

Total investment (MYR) 909.00 
Return-on-investment (Month) 6 

*calculation (operation and saving) based on 101 units by assuming nine (9) hours 

operating hours a day and 23 working days a month, tariff rate C1 
 

 

As been calculated in Table 3, it shows that the percentage leads to a significant reduction of about 

50% for LED tube compared with fluorescent lamps. Clearly, the usage of fluorescent lamp gives higher 

energy consumption by about 10,035.36 kWh/year as compared to LED tube around 5,017.68 kWh/year, thus 
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making a significant decrease in operating cost if the building is replaced with LED lighting technology. In 

terms of electricity bills, almost half reduction can be clearly seen in the case of operating costs where it can 

save, annual expenses up to 1831.45 MYR as illustrated in Figure 5. In addition, a study based on return-on-

investment (ROI) concerning LED lighting technology used in building is also calculated where it provided 

an initial return of 6 months of period after installation. 

 

 

 
 

Figure 5. The comparison of estimated operating cost between fluorescent and LED T8 tubes over months 

 

 

4. CONCLUSION 

A promising result as an alternative way for energy saving to replace all existing conventional 

fluorescent with LED lighting technology. From these findings, it could be estimated the electricity bills up 

to 50% of total reduction as well as enhanced a power factor for the entire building consumption. Although 

initial cost is expensive, it can be recommended as an option to secure on the long-term operating expenses 

(OPEX) in terms of maintenance and labors. In addition, the findings are expected to be beneficial to 

management in the decision-making process as well as to provide a significant improvement towards energy 

efficient technology. 
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