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Abstract—This paper proposes a new low voltage direct 

current (LVDC) wiring system design and the modification of 

conventional residential LED lighting application. Nowadays, the 

residential lighting system used the supply from the authorized 

energy supplier to power up all the electrical appliances at home. 

In Malaysia, the voltage distributed to residential area is 230V 

AC. The motivation of this study is the application of 12V low 

voltage direct current (LVDC) can improve the efficiency of 

performance of electrical appliances that run on DC. As we 

know, the electrical appliances that driven by DC requires 

AC/DC converter to operate. But the conversion process of the 

converter creates losses due to the switching of the device. This 

study focused on the consideration of wiring design of DC system 

in residential for LED lighting application especially the size of 

cable. Maximum number of load than can supports in a point 

with particular breaker rating is discussed. 

Keywords— DC, residential lighting, LED, green technology, 

wiring design, cable sizing. 

I.  INTRODUCTION 

Nowadays, the rigid development on LED lighting makes 

brings the development in DC system as well. The advantages 

of using LED as lighting has big potential to replaced CFL as 

residential lighting [1-3]. Furthermore, for residential 

application DC system are said better than AC system. 

Moreover, LED is DC driven device and the development in 

LED technology improved it efficiency and thermal problem 

to be better performance cooling methods using seebeck effect 

method [4-9]. The losses evaluation on DC and AC system for 

residential have been observes and the loss calculation result 

shows the total losses in DC system are 15% lower than the 

losses in AC system [4].  
 

II. CASE STUDY DESCRIPTION 

This study are conducts the design for residential in LED 

lighting application. Figure 1 shows the typical Malaysian 

double storey house plan layout. It has about 22 total lighting 

points in a house and each point controlled by one switch. 

 

 
Figure 1: Typical Malaysian double storey house plan 

layout 

Figure 2(a), 2(b) and 2(c) below shows single line diagram 

of residential conventional lighting system which operates in 

240V AC system. Driver that used at LED lamps makes the 

240V AC system differs to each other. Existing of the driver 

prevents the LED lamps to operate efficiently because the 

conversion process of the converter creates losses due to the 

switching of the device.  The new proposes system that applies 

12V DC for residential LED lighting application single line 

diagram shows in figure 2(d). It shows that the proposes 

system has reduced the number of driver used for conversion 

process. 
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(c) 

 
(d) 

 

 

Figure 2: Single line diagram of four different system 

A. Case 1: Conventional System Design 

Single line diagram for conventional system shows in 

figure 2(a) and 2(b) which applies CFL  and compact LED 

lamp as the standard device for lighting. The calculations that 

represent the design of conventional residential lighting 

system that refers as case 1 are shown below. Long time ago, 

the standard maximum power that sets for lighting is 100w 

which is applicable for incandescent lamps. However, the 

100w incandescent lamps are equivalent with 25w CFL and 

12w LED lamps which are current standard type of lamps 

used in residential [10]. From the calculation below, the 

maximum number of load can be supported at one miniature 

circuit breaker (MCB) are 30 lamps. The suitable size of cable 

for 6A MCB rating is 1.0mm
2
 which are the minimum size of 

cable. However, the current standard has sets the minimum 

size of cable for lighting purposes is 1.5mm
2
 [11-13]. 

 

So, the number of current requires for each CFL in this case 

are: 

     (1) 

 

 
 

Each lamp requires 0.1957A. Hence, the number of lamps can 

fit at 6A rating of circuit breaker are: 

     (2) 

 
 

 

While the number of current requires for each compact LED 

lamp in this case are: 

 

 
 

 

Each lamp requires 0.09391A. Hence, the number of lamps 

can fit at 6A rating of circuit breaker are: 

 

 

 
 

B. Case 2: Conventional System Design Modification 

Case 2 discussed about the conventional residential 

lighting modification as shown in figure 2(c). In order to 

modify the conventional AC lighting system to a new DC 

lighting system, the same breaker that used in conventional 

system still can be used for the 12V DC system if the breaker 

used is dual rated circuit breaker. The same cable can be used 

for the 12V DC system too since the standards size of cable 

refers for designs can be used for DC system. There is only 

one additional equipment that need to be added in the system 

is the switching mode power supply (SMPS) which functions 

as the 230V AC to 12V DC converter. Calculation that 

performs below shows the maximum number of loads can be 

supported under a 6A MCB. 

So, the number of current requires for each compact LED 

lamps in this case are: 

 

 

 
 

Each lamp requires 1.0A. Hence, the number of lamps can fit 

at 10A rating of circuit breaker are: 

 

 

 
 

C. Case 3: Proposed System Design 

The new 12V DC microgrid wiring system design 

conventional residential LED lighting application which refers 

as case 3 shown in figure 2(d). From the figure, the number of 

converter used has been eliminates from the system. The loads 

directly connected to the supply. The new proposed system 

design is almost the same with the conventional with CFLs. 

Conventionally, the LED lamp that operates in AC requires 

converter for every loads but not in the proposed system. 
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Table 1 below shows the load calculation for two different 

voltage levels of DC system which is 12V DC and 48V DC. 

Table 1: Load calculation for two different voltage levels 

of DC system 

12V DC Proposed System 48V DC Proposed System 

Load rating: 12w 

MCB rating: 6A 

Size of cable at load: 1.5mm
2
 

MSB rating: 25A 

Size of cable at supply: 

2.5mm
2
 

 

Current consumes by each 

load: 

            (3) 

 

 
 

At 6A MCB, the maximum 

number of load can be are: 

 
 

Load rating: 12w 

MCB rating: 6A 

Size of cable at load: 1.5mm
2
 

MSB rating: 25A 

Size of cable at supply: 

2.5mm
2
 

 

Current consumes by each 

load: 

 

 

 
 

At 6A MCB, the maximum 

number of load can be are: 

 
 

 

III. CASE STUDY DISCUSSION 

Table 2 has concludes the wiring design for three systems. 

As the conclusion, in order to make modification or change 

the residential lighting system there is not that complicated. 

Most of the components in the existing system can be used. 

Refers to Table 2, case 1(a) and case 1(b) differs in term of the 

the load rating. Since case 1(b) apply compact LED lamps 

operating in AC the current flow in the circuit will be lower 

than in case 1(a) refers to the previous calculation. Hence, it 

affects the number of maximum loads can be supported in a 

breaker where case 1(a) can brings until 30 while case 1(b) 

can bring 63 loads. Case 2 has almost the same condition with 

case 3(a), the difference between case 2 and case 3(a) is case 2 

is not connect directly to DC supply as in case 3(a). In case 3, 

the first condition are using 12V DC supplies. The maximum 

number of loads can be increased by increasing the voltage 

level to 48V. At 48V voltage level, the number of maximum 

loads increased to 24 loads. Furthermore, the maximum 

number of loads still can be increased by increasing the rating 

of the breaker. 

Table 2: Comparison of conventional system and it 

modification and the proposed system 

System Case 1 Case 2 Case 3 

(a) 

230V 

AC 

(b) 

230V 

AC 

230V 

AC 

(a) 

12V 

DC 

(b) 

48V 

DC 

Load 

Rating 

(watts) 

25 12 12 12 12 

Size of 

Cable at 

Load 

(mm
2
) 

1.5 1.5 1.5 1.5 1.5 

MCB 

Rating (A) 

6 6 6 6 6 

Maximum 

Load at 

each MCB 

30 63 6 6 24 

 

IV. SUMMARY 

This paper has suggested the modification of conventional 

residential lighting system which applies 230V AC to a new 

12V DC system for LED lighting application. Besides, the 

new LVDC system wiring design has been proposes for two 

different voltage levels which are 12V DC and 48V DC. This 

study can be supports by the previous studies which examine 

the comparison between AC lighting system and DC lighting 

system for residential application. From the previous study, 

DC lighting system has many advantages than the AC lighting 

system [9]. Hence, this paper shows clearer picture in order to 

convert the conventional lighting system to DC system. 

Acknowledgment 

The authors would like to express the deepest appreciation 

to University Technical Malaysia Melaka (UTeM) for the 

financial support under grant PJP/2012/FKE(37A)/S01041. 

References 

 
[1] Y. K. Cheng and K. W. E. Cheng, “General Study for using LED to 

replace traditional lighting devices,” 2006 2nd International Conference 
on Power Electronics Systems and Applications, pp. 173–177, Nov. 
2006. 

[2] C. K. Gan, A. F. Sapar, Y. C. Mun, and K. E. Chong, “Techno-
Economic Analysis of LED Lighting: A Case Study in UTeM’s Faculty 
Building,” Procedia Engineering, vol. 53, pp. 208–216, Jan. 2013. 

[3] V. Vossos, K. Garbesi, and H. Shen, “Energy savings from direct-DC in 
U.S. residential buildings,” Energy and Buildings, vol. 68, pp. 223–231, 
Jan. 2014. 

[4] H. Kakigano, M. Nomura, and T. Ise, “Loss evaluation of DC 
distribution for residential houses compared with AC system,” The 2010 
International Power Electronics Conference - ECCE ASIA -, pp. 480–
486, Jun. 2010. 

[5] L. H. Koh, Y. K. Tan, Z. Z. Wang, and K. J. Tseng, “An Energy-
Efficient Low Voltage DC Grid Powered Smart LED Lighting System,” 
pp. 2883–2888, 2011. 

[6] R.G. Mohamed, D. K. Ibrahim, H. K. Youssef, and H. H. Rakha, 
“Optimal Sizing and Economic Analysis of Different Configurations of 
Photovoltaic systems,” International Review of Electrical Engineering, 
Vol 9, No 1 (2014). 

[7] K. Shah, S. Member, P. Chen, A. Schwab, and K. Shenai, “Smart 
Efficient Solar DC Micro-grid,” Electrical Engineering. 

http://mucet2014.utem.edu.my/conference-venue-and-fee


8th MUCET 2014, Date: 10-11 November 2014, Melaka, Malaysia 

 
[8] N.M. Maricar, C.K. Gan, and Jamal, N.; “Data Mining Application in 

Industrial Energy Audit for Lighting,” Proceedings of the Fifth IASTED 
International Conference on European Power and Energy Systems, pp. 
518-523, June 15-17, 2005. 

[9] S.H.A. Musa, A.R. Abdullah, C.K. Gan, and N.H. Rahim,; "Performance 
Evaluation of DC Microgrid System for Residential LED Lighting 
Application," International Review of Electrical Engineering [in 
publication process]. 

[10] N. Pal, P. K. Sadhu, R. P. Gupta, and U. Prasad, “Review of LED based 
cap lamps for underground coalmines to improve energy efficiency as 
compared to other light sources,” 2010 The 2nd International 
Conference on Computer and Automation Engineering (ICCAE), vol. 5, 
pp. 675–677, Feb. 2010. 

[11] Standard MS IEC 60364:2003 ‘Electrical Intallations of Building’. 

[12] Standard MS 1936:2006 ‘Electrical Intallations of Building - Guide To 
MS IEC 60364’. 

[13] Standard BS 7671:2008 'Requirements for Electrical Installations'.

 

http://mucet2014.utem.edu.my/conference-venue-and-fee

