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ABSTRACT 

Kaneka Malaysia Sdn. Bhd totally have 182 units of street lighting which is 

53 percent are High Pressure Sodium Vapour (HPSV) lighting. All street lighting 

was controlled by timer. This traditional method is out of date and huge of energy 

waste mainly due to timer malfunction. Moreover, HPSV street lighting is very 

costly to maintain. On February 2019, audit for street lighting was carried out and 

result of energy consumption was 317.56kWh per day or 114,321.02kWh per year. 

Motivated from this audit, HPSV street lighting was proposed to replace with 

highly efficient Light Emitted Diode (LED) street lighting. To realise this project, 

the prototype was built by implemented a smart system of LED street lighting 

controller to gain reduction of energy consumption and introduction of smart 

controlling technique by using Internet of Things (IOT). The prototype is design by 

employ Arduino NANO, PIR Motion Sensor, ESP8266 module and Blynk platform 

as wireless communication tool. The brightness of the LED street lighting being 

controlled depends on the motion detected from 11:00pm until 7:00am. By 

implement this idea, energy consumption will be save 50 percent and cut 20 percent 

of maintenance cost. 
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ABSTRAK 

Kaneka Malaysia Sdn. Bhd. mempunyai 182 lampu jalan secara keseluruhan 

di mana 53 peratus adalah pencahayaan Sodium Tekanan Tinggi (HPSV). Semua 

lampu jalan dikendalikan oleh pemasa. Kaedah tradisional ini sudah lapuk dan 

pembaziran tenaga yang besar kebanyakannya disebabkan oleh kerosakan pemasa. 

Selain itu, lampu jalan jenis HPSV sangat mahal kos penyelenggaraan. Pada Februari 

2019, audit untuk lampu jalan telah dijalankan dan hasil penggunaan tenaga adalah 

317.56kWh sehari atau 114,321.02kWh setahun. Bermotivasi daripada audit ini, 

pencahayaan lampu HPSV dicadangkan untuk digantikan dengan pencahayaan Diod 

Pemancar Cahaya (LED) yang kecekapan tinggi. Untuk merealisasikan projek ini, 

sebuah prototaip telah dibina dengan mengimplementasikan pengawalan pintar 

lampu jalan LED untuk memperolehi pengurangan penggunaan tenaga dan 

pengenalan kepada teknik pengawalan pintar Internet of Things (IOT). Prototaip ini 

direka bentuk dengan Arduino NANO, Sensor Pergerakan PIR, Modul ESP8266 and 

pelantar Blynk sebagai alat komunikasi tanpa wayar. Kecerahan lampu jalan LED 

dikendalikan bergantung kepada gerakan yang dikesan daripada jam 11:00pm 

sehingga 7:00am. Dengan melaksanakan idea ini, penggunaan tenaga akan 

menjimatkan 50 peratus dan mengurangkan 20 peratus kos penyelenggaraan. 
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CHAPTER 1  

 

 

 

INTRODUCTION 

1.1 Company Background 

Kaneka Malaysia Sdn. Bhd. (KM) is Japanese based company which is 

starting to corporate and established in Malaysia on August 1995. KM was located at 

Gebeng Industrial Estate. The first plant that had been built in KM premise is Kaneka 

Electec Sdn. Bhd. (KET) on September 1995. KET started to operate from 1996 but 

ceased its operation on 2008 due to downtrend consumption of color TVs and 

monitors and increasing LED and LCD TV trend on last decade. Along with KET, 

Kaneka Modifiers Sdn Bhd (MOD) was established and started to operate almost at 

same month with KET. MOD was produced a quality product of impact modifier 

which is had trade name Kane Ace. Kane Ace is main raw materials in many 

applications such as high impact pipes and fittings, PVC door, window frame and so 

on. Due to its transparent properties, Kane Ace is also used in packaging of tablets 

and blister packages for stationery, toys and general merchandise. Until 2010, KM 

were established three plants and company in Malaysia. Kaneka Eperan Sdn Bhd 

(KEP) and Kaneka Paste Polymers Sdn. Bhd (KPP) was started its operation on July 

1996 and January 1999. Meanwhile, Kaneka Innovative Fibers Sdn Bhd (KIF) was 

produced first products on September 2010. KM does not turn back and moving 

forward by established another four plants and companies for 2010 year. Kaneka 

Apical Malaysia Sdn. Bhd. (KAM) and Kaneka MS Malaysia Sdn. Bhd were started 

its operation on February 2012 and May 2015. KAM plants consist of two companies 

and premises which are known as KAM-GS and KAM-PI. Kaneka Imoda Sdn. Bhd. 

(i-MODA) was latest and also the largest factory in KM which is started its 

production on July 2017. 
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1.2 Energy Saving and Energy Efficient in Kaneka Malaysia 

KM is company that support and encourage staffs to initiate the energy 

saving and energy efficient practising. It was proved by hired external consultant and 

registered electrical energy manager (REEM), Ir. Hj. Abdul Aziz to assists and 

develop baseline energy saving and energy efficient strategy starting from 2014. 

Since Ir. Hj. Abdul Aziz become an external REEM and consultant, KM was 

complied with Energy Supply Act, Efficient Management of Electrical Energy 

Regulations 2008 [1]. Ir. Hj. Abdul Aziz initiate to create Kaneka Malaysia energy 

team which participated almost of plant representatives and administration personnel. 

Energy Management’s vision and mission was idealized by give the pressing to 

reduce energy consumption by five percent in 5 years. Therefore, management 

directors of KM were encouraged each plant in KM to develop their Small Group 

Activity (SGA) to drive an energy saving and energy efficient project. 

1.3 Street Lighting Background in Kaneka Malaysia Sdn. Bhd. 

In beginning of KM establishment in 1996, KM only had 83 street lightings 

surrounding plants and factory. However, due to establishment another four plants 

and factories in KM in 2010, street lightings drastically increased to 182 street 

lighting. In parallel, electricity consumption also increases drastically. Before 2010-

year, street lighting electricity cost average about RM800.00 to RM 1,000.00 per 

month. However, after year 2010 and recent, KM need to bear the electricity cost of 

street lighting average about RM2,750.00 per month or average RM 33,000.00 per 

year.  

Street lighting in KM have many fixtures with difference model. Most of 

street lighting’s luminaires are High Pressure Sodium Vapor (HPSV), LED and 

Metal Halide (MH). Below Table 1.1 and Figure 1.1 are list of street lighting bulbs in 

KM plants. 
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Table 1.1 List of lighting and quantity in KM premise. 

Nos Lighting Quantity 

1 High Pressure Sodium Vapour 96 

2 Metal Halide 4 

3 LED 83 

Total 182 

 

 

 

Figure 1.1 Type of street lighting’s bulb in KM. 

Purpose of outdoor lighting such as street lighting in premise compound is to 

enhance vision of operator and increases the security of property during night. In 

term of purpose, it slightly different between highway street lighting and premise 

street lighting. Most of street lighting in KM are used to illuminate roadways, 

parking lots, yards, sidewalks, plant site and building exteriors.  

In KM, most of area have lighting levels that are greater than the OSHA 

minimums. Very good lighting increases the visibility of hazards, improves the 

safety of operator and provides a sense of security in the plant communities. The 

Occupational Safety and Health Administration (OSHA) Regulation 1926.56(a) 

stated that any construction areas, ramps, runways, corridors, offices, shops, and 

storage areas shall be lighted, with minimum footcandle levels ranging from 3 to 30 

in various areas [2]. 

 

HPSV 

53% 
LED 

45% 

Metal Halide 

2% 

Type of Street Lighting in Kaneka Malaysia 
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1.4 Problem Statement 

On February 2019, energy audit for street lighting in Kaneka Malaysia was 

carried out. As a result, electricity consumption of street lighting is 317.56kWh per 

day or 114,321.02kWh per year. HPSV’s bulb street lighting contributed a huge 

electricity consumption than LED street lighting and was observed very significant 

effect to electricity cost. 

Every month, management of KM spends average RM500.00 per month and 

average RM6,000.00 per year in repair and maintenance (R&M) cost. Budget also 

increased since 2010 about 20%. Most of budget directed to HPSV street lighting in 

purchase of spare ballast, capacitor, ignitor and bulb.  

LED lights are over 60% more cost effective in terms of maintenance. Due to 

LED’s substantially longer life span, High Pressure Sodium Vapour (HPSV) and 

Mercury Vapour (MV) lamps would have to be replaced at least three to four times 

during the lifespan of an LED. Lifetime of HPSV lamp is around 5,000 hours while 

the LED lamp has lifetime over than 50,000 hours. In other hand, LED has lifetime 

10 greater than HPSV lamps [3]. 

Weakness of conventional streetlight, such as uneven of light was identified. 

Yellow and amber colour of HPSV attains uncomfortable to lorry driver and operator 

as well as premise guard during night shift supervise. Compare with the white colour 

LED lamps, the vision was better, and light also become more even and sharp. The 

good feature of LED lamp is dimmable which can reduce it brightness using external 

controller. 

Street lighting always turn on automatically at 7:00pm and turn off at 7:00am 

by conventional timer controller. Some location in KM, timer always malfunction 

and out of the setting. Because of that, street lighting will be remaining switch on 

until 9:00am to 10:00am or switch on too early at 6:40pm in evening.  This routine 

caused waste of energy and increasing of electricity cost by 5% per day. Energy 

wasting also cause a more hundred-ringgit spending by KM management for only 
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street lightings. Figure 1.2 below shown the reality of electricity waste in one of 

plant in KM. This scenario of energy waste cannot be accepted by management of 

KM and raise my concern to introduce a reliable system to replace this existing 

controller. 

 

Figure 1.2 Street lighting condition 

Another reason premise is implementing green technologies such as LED 

lighting is to reduce light pollution and carbon dioxide (CO2) emission. Many of the 

conventional lighting fixtures are not directing light properly, creating over 

expanding areas, and emitting light pollution into the atmosphere. Some of the 

problems related with light pollution are the disruption of the ecosystem, adverse and 

poor health effects created by carbon dioxide emissions, the obstruction of the night 

sky for astronomical studies, and the disturbance of neighbouring regions created by 

light trespass. LED lamps has lower annual greenhouse gas emission rather than 

HPSV lamp for example 250 watt lamp, the annual greenhouse gas emission is 

around 850kg while LED light only 355kg. This mean that LED has lower emission 

by percentage to 40% from HPSV lamp. 

From observation in Kaneka Malaysia premise, street lighting has significant 

effect on the mood of animal life. For example, many insects are attracting to the 

light of street lighting even it is HPSV, Mercury Vapour or LED. The problem is 

when insects attract to the Mercury Vapour lamp, it effects 100% of animal life due 
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to chemical reaction and 47% for HPSV lamp. However, LED lamp only give lower 

impact between all light sources which is about 20% [4]. Due to that problem, 

maintenance cost to cleaning up the fixture especially Mercury Vapour lamp 

significantly higher than other lamps. 

1.5 Motivation 

Motivation of this project is to comply Industrial 4.0’s vision of Kaneka 

Malaysia. By implement smart street lighting, we able to control the lit of street. 

More advance, we can switch on and off street lighting by access it through tablet or 

smart phone from remote location. 

1.6 Research Objectives 

The main objective is to evaluate and measure electricity consumption of 

existing street lighting in Kaneka Malaysia Sdn. Bhd. As per discuss in Introduction 

section, all 182 units of street lighting will be evaluating, measure and analyse. 

Energy audit will be carrying on realizing this objective. 

Second objective to investigate the possibility of energy saving through 

replacement of conventional luminaire of street lighting with LED luminaire. LED 

street lighting will determine to be save about 30 percent of recent energy 

consumption in Kaneka Malaysia Sdn. Bhd. By reducing to 30 percent, we will 

achieve Kaneka Energy Management’s objective which is targeted to reduce 5% total 

consumption within 5 years. To achieve this objective, economic analysis such as 

Return of Investment (ROI) and Simple Payback Period (SPP) will be carry on. 

Besides, energy survey also conducted for 55 respondents, mainly focus on operators 

and maintenance personnel. 
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Third objective is to analyse energy saving through LED Smart Street 

lighting hardware. Conventional controller targeted to be eliminated through 

introduction of smart street lighting control.  

1.7 Scopes of Project 

This feasibility study is limited in Kaneka Malaysia premises which consists 

of 182 units of street lighting. Overall studies are consisting of electricity 

consumption, maintenance cost, energy survey about street lighting and economic 

analysis (return of investment and simple payback period). 

The circuit of prototype hardware will be suit for 5V, 5A after regulated by 

XL4015-5A module from 12V, 5A power supply. PIR motion sensor used as 

intelligent control and Arduino NANO is utilizing as microcontroller. For wireless 

control, ESP8266 was chosen as WIFI module. This hardware will be 

communication and control by using Blynk apps from android smart phone. 

1.8 Methodology 

To obtain a good result in the end of this project, feasibility study was 

conducted. Items number 1, number 2 and number 3 were covered for feasibility 

study phase meanwhile item number 4 for prototype or hardware implementation. 

Table 1.2 below is the lists of methods and techniques. 
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Table 1.2 Methodology and techniques that apply for this project. 

Nos Methodology Techniques 

1 Audit and survey 1. Counting units of street lighting in 

Kaneka Malaysia. 

2. Carry out energy survey. 

2 Measurement of parameter 1. Use clamp meter to measure 

current. 

2. Use data logger to take current, 

voltage, power and harmonic 

reading. 

3 Mathematical calculation and 

analysis. 

1. Statistical technique such SPP and 

ROI. 

2. Cost comparison technique. 

3. Economical technique. 

4 Design prototype for smart street 

lighting. 

1. Electronic wiring technique. 

2. Arduino NANO programming. 

1.9 Thesis Outline 

This thesis is divided into five chapters. Chapter 1 is introduction which are 

describe history background of Kaneka Malaysia Sdn. Bhd. and background of street 

lighting in this premise. In this chapter, problem statements, motivations, objectives 

and methodology were summarized and stated. 

Chapter 1: Introduction was followed with Chapter 2: Literature Review 

which describes previous works by other researchers that gives motivation to carry 

out this project and work. Chapter 2 also presents the approach taken and 

mathematical tools used in their analysis. 

Chapter 3 is describing about methodology that will used in this project. Data 

was collected and analysis for before and after. Also, survey for specific respondents 

in Kaneka Malaysia is carry on in order to get the solid reason and justification of 

problem statement that describe in Chapter 1. Smart street lighting prototype will be 

describing and elaborate in this chapter.  
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For chapter 4 is presentation the experimental results that close related with 

the chapter 3. In Chapter 3, method is present but for chapter 4, result and discussion 

will be detailed.  

Chapter 5 is last chapter in this thesis which is conclusion overall of project. 

Also, in this chapter is presentation of the recommendation and point out next 

opportunities and potentials to improve the recent project. 

 

 



 

59 

REFERENCES 

[1] Efficient Management of Electrical Energy Regulations 2008. Part III: 

Registered Electrical Energy Manager, paragraph 11(1), Electricity Supply 

Act 1990, 2018 Edition, pg 12. 

[2] Occupational Safety & Health Administration Regulation Standard 1926.56 

Illumination,https://www.osha.gov/pls/oshaweb/owadisp.show_document?p 

table=STANDARDS&p_id=10630 

[3] Mahmoud I. Masoud, “Street lighting using solar powered LED light 

technology  Sultan Qaboos University Case Study”, Proceedings of the 8
th

 

IEEE GCC Conference and Exhibition, Muscat, Oman, 1-4 February, 2015. 

[4] “Advantages of using energy efficient lighting for society and environment”, 

http://www.grahlighting.eu/en/learning-centre/studies. 

[5] Shimada J., Kawakami Y., and Fujita S. “Medical lighting composed of LEDs 

arrays for surgical operation” SPIE Photonics West: Light Emitting Diodes: 

Research, Manufacturing, and Applications, 4278, 165, San Jose, January 24–

25 (2001) 

[6] Shimada J., Kawakami Y., and Fujita S. “Development of lighting goggle 

with power white LED modules” SPIE Photonics West: Light Emitting 

Diodes: Research, Manufacturing, and Applications, 4996, 174, San Jose, 

January 28–29 (2003) Stringfellow G. B. and Craford M. G. (Editors) High 

Brightness Light-Emitting Diodes Semiconductors. 

[7] J. Shimada, Y. Kawakami and Sg. Fujita, “Medical lighting composed of 

LEDs arrays for surgical operation”, Proceedings of SPIE Vol. 4278, pp. 165-

172, 2001. 

[8] R. Bourne, "The beginnings of electric street lighting in the City of London", 

Engineering Science and Education Journal, IET Journals & Magazines, pg 

81 - 88. 

[9] Electrical Engineering Hall of Fame: “Charles F. Brush", Proceedings of the 

IEEE, IEEE Journals & Magazines pg 1955 - 1957. 

https://ieeexplore-ieee-org.ezproxy.utm.my/document/502835/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=2222
https://ieeexplore-ieee-org.ezproxy.utm.my/document/1360169/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=5
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=5


 

60 

[10] J.M. Anderson, "First electric street lamps", IEEE Power Engineering 

Review, IEEE Journals & Magazines, pg 39 - 40.  

[11] A.M.E. Pereira , V.A. Teixeira, M.Z. Fortes ,A.P. Fragoso , G.M. Tavares, 

"Some considerations about LED technology in public lighting",2015 

CHILEAN Conference on Electrical, Electronics Engineering, Information 

and Communication Technologies (CHILECON), pg 561-565 

[12] Vitor C. Bender, Fernanda B. Mendes, Tiago Maggi, Marco A. Dalla Costa 

and Tiago B. Marchesan, "Design Methodology for Street Lighting 

Luminaires based on a Photometrical Analysis" 2013 Brazilian Power 

Electronics Conference, 27-31 Oct. 2013, IEEE, pg 1160-1165. 

[13] Fusheng Li, Dahua Chen, Xianjie Song and Yuming Chen, "Analysis of 

Energy Savings from Replacing HPSV Lighting with LED Lighting in Road 

LightingApplication", 2009 Asia-Pacific Power and Energy Engineering 

Conference, 2009, pg1-3. 

[14] Addendum No. 1 Revision 1 to L-S20: Specification for Road Lighting 

Installation (August 1999), Section A2.0: Road Lighting Luminaires – LED. 

retrived February,21,2018 from https://jmal.jkr.gov. 

[15] Su-Chin Huang Li-Ling Lee Ming-Shan Jeng, and Yao-Ching Hsieh, 

"Assesment of Energy Efficient Led Street Lighting Through Large Scale 

Demostration" Industrial Technology Research Institute and National Dong Hwa 

University. 

[16] Tu Menglong,"The discussion of LED outdoor display's light pollution and 

technical solution", 2014 11th China International Forum on Solid State 

Lighting (SSLCHINA), 18 June 2015,pg 63-70. 

[17] Muhammad M. A. S. Mahmoud, "Typical economic model for calculating the 

saving norm of replacement HPS street lighting by LED fixtures in access 

road of gas production company at GCC", 2018 5th International Conference 

on Electrical and Electronic Engineering (ICEEE), pg 189 - 192. 

[18] Steve Fotios School of Architecture, University of Sheffield, Sheffield, UK, 

"A Revised Kruithof Graph Based on Empirical Data", The journal of the 

Illuminating Engineering Society of North America, LEUKOS, chapter 13 pg 

3–17, 2017. 

https://ieeexplore-ieee-org.ezproxy.utm.my/document/825626/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=39
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/RecentIssue.jsp?punumber=39
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085549762
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085640110
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085640110
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085555297
https://ieeexplore-ieee-org.ezproxy.utm.my/author/38254169700
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7391634
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7391634
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7391634
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=6778474
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=6778474
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=4918025
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=4918025
https://jmal.jkr.gov/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7122633
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7122633
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8391327/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8391327/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8391327/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8384070
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8384070


 

61 

[19]  Ian Ashdown, P. Eng., FIES, Chief Scientist, Lighting Analysts Inc.The 

Kruithof Curve: A Pleasing Solution, 

https://www.researchgate.net/publication/273763550, 2015/01/12, pg 1-11 

[20] Kruithof, A. A. Tubular luminescence lamps for general illumination. Philips 

Tech. Rev. 6(3): pg 65-73, 1941. 

[21] Asiri Jayawardena, David Duffy , Joseph Manahan,"Impact Of Light on 

Safety in Industrial Environments", 2015 IEEE Petroleum and Chemical 

Industry Committee Conference (PCIC), pg 1-9. 

[22]  Devon Jenkins, Anshuman Bhargava, "Selecting the proper LED light fixture 

to enhance safety in harsh &amp; hazardous environments", 2014 IEEE 

Industry Application Society Annual Meeting, pg 1-4. 

[23] Dev V. Savla , Heet R. Savla , Krishna B. Kansara, Brainy streets an 

automatic lighting system, 2018 2nd International Conference on Inventive 

Systems and Control (ICISC), pg 16-21. 

[24] M. Abdul Kader Riyaz , S. ArunJeyakumar , M. Abdul Hameed Sharik , A. 

Tamilarasi, Graphene coated LED based automatic street lighting system 

using Arduino microcontroller, 2017 IEEE International Conference on 

Power, Control, Signals and Instrumentation Engineering (ICPCSI), pg 1555 

-1560. 

[25] Kao Chen, Lighting Esthetics with Energy Saving Ideas,IEEE Transactions 

on Industry Applications,IEEE Journals & Magazines,Year: 1976 , Volume: 

IA-12 , Issue: 1, Pg 35 – 38. 

[26] P. Van Tichelen, D. Weyen, R. Geens, J. Lodeweyckx, G. Heremans, A novel 

dimmable electronic ballast for street lighting with HPS lamps, Conference 

Record of the 2000 IEEE Industry Applications Conference. Thirty-Fifth IAS 

Annual Meeting and World Conference on Industrial Applications of 

Electrical Energy (Cat. No.00CH37129), 8-12 Oct. 2000. 

[27]  Francis Rubinstein, Michael Siminovitch, and Rudolph Verderber, Fifty 

Percent Energy Savings with Automatic Lighting Controls, IEEE 

Transactions on Industry Applications, Vol. 29, No. 4, July/August 1993, pg 

767-773. 

https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085787486
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085787486
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37085788859
https://ieeexplore-ieee-org.ezproxy.utm.my/document/7435087/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/7435087/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7430397
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=7430397
https://ieeexplore-ieee-org.ezproxy.utm.my/document/6978462/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/6978462/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=6971852
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=6971852
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086407826
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086409983
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8399064/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8399064/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8390718
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8390718
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086399820
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086398524
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086398334
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086398929
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37086398929
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8391972/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/8391972/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8385064
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=8385064


 

62 

[28] S.K. Biswas ; R.P. Dhanuka, Reliability of electronic ballasts in industrial 

fluorescent lighting applications, Conference Record of the 1992 IEEE 

Industry Applications Society Annual Meeting, 4-9 Oct. 1992, pg 1915-1919. 

[29] Siddha Pimputkar, James S. Speck, Steven P. Den Baars and Shuji 

Nakamura, Prospects for LED lighting, Nature Photonics, Vol. 3, Apr 2009, 

2009 Macmillan Publishers Limited, pg 180-182, 

www.nature.com/naturephotonics. 

[30] Matthias Wendt, Jan-willem Andriesse, LEDs  in Real Lighting Applications: 

from Niche Markets to General Lighting, Conference Record of the 2006 

IEEE Industry Applications Conference Forty-First IAS Annual Meeting, pg 

2601 - 2603. 

[31]  Po-Yen Chen, Yi-Hua Liu, Yeu-Torng Yau, Hung-Chun Lee, Development of 

an energy efficient street light driving system, 2008 IEEE International 

Conference on Sustainable Energy Technologies, 24-27 Nov. 2008, pg 761 – 

764. 

[32] Mukul Joshi, Rajashri Madri, Shruti Sonawane, Abhinav Gunjal, Dr. 

D.N.Sonawane, "Time Based Intensity Control for Energy Optimization Used 

for Street Lighting", College of Engineering, Pune, 2013 Texas Instruments 

India Educators' Conference, pg 211-215. 

[33] Hao Deng, Xiaogao Xie, Wei Zhong Ma, Yang Han, "A LED Street Lamp 

Monitoring System Based on Bluetooth Wireless Network and LabVIEW", 

Hangzhou Dianzi University, 2016 2
nd

 IEEE International Conference on 

Computer and Communications, pg 2286 - 2291. 

[34] Chun-ling Fan and Yuan Guo, "The application of a ZigBee based wireless 

sensor network in the LED street lamp control system" 

[35] Somchai Biansoongnern, Boonyang Plangklan,"Efficiency Improvement Of 

Energy Management For Led Street Lightings",5th International Electrical 

Engineering Congress Pattaya, Thailand On 8th Until 10 March 2017. 

[36] Tenaga Nasional Berhad. (2014). Tariff Rates. Available: 

http://www.tnb.com.my 

 

https://ieeexplore-ieee-org.ezproxy.utm.my/author/37274963600
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37388963000
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=650
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=650
http://www.nature.com/naturephotonics
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37274799500
https://ieeexplore-ieee-org.ezproxy.utm.my/author/37274799500
https://ieeexplore-ieee-org.ezproxy.utm.my/document/4025594/
https://ieeexplore-ieee-org.ezproxy.utm.my/document/4025594/
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=4025170
https://ieeexplore-ieee-org.ezproxy.utm.my/xpl/mostRecentIssue.jsp?punumber=4025170



