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Abstract

In the residential sector, the energy consumed for lighting represents an important amount of the total energy
consumption in a typical house. In this paper, a lighting system in a solar smart house prototype in Bou-Ismail,
Algeria, has been studied. This study focuses on the optimization of lighting and the energy consumption in the
house, where the experimental and the simulation of the light distribution in the house was carried out using
DIALux software. The purpose is to find the most suitable devices that are able to reduce lighting energy
consumption and still ensure an optimal visual comfort inside the house. The obtained results show the efficiency

of the proposed lighting system, where a reduction in energy consumption of 55.87% has been achieved.
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1. Introduction

Analysis and studies show that the residential sector represents 43% of the global energy
consumption [1]. A reduction in this sector represents a significant amount and results in an
important impact on global energy consumption. Hence homes appear to be the cornerstone for
reducing energy consumption in this sector; several works are particularly focused on
optimization of the energy houses. Beside considering some architectural aspects in order to
improve the thermal insulation of the houses, the installation of renewable energy sources on

houses roof top along with an effective Home Energy Management System (HEMS) [2-5],
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which monitors and controls the energy consumed, can help in minimizing the energy
consumption from the grid and increase the renewable energy consumption. In addition to the
renewable energy sources and to go further in the reduction of the energy consumption in a
house; optimization methods should be applied, such as: the use of low-consumption lamps
and appliances[6-7], the integration of smart sockets that control the energy consumption of
all home appliances[8] and the choice of the adequate lighting system[9].Home automation is
also a modern way to associate the optimization of power consumption, the comfort and the
security of the inhabitants[10, 11].According to [12,13], lighting is a significant feature in the
energy consumption of residential sector, a deep study of the light distribution in a surface is
able to give the optimal choice of lighting devices and system architecture. Integrated lighting
controls for request side energy organization in building can improve its global performance
[14-16], increase energy efficiency, and improve resident comfort [17] and approval with the
built environment [18]. Consequently, all these studies have been directed to "smart homes"
[11, 19]. As a result, researchers around the world aim to create a smart house that satisfies the

following features:

 Provide low energy consumption.
» Powered by renewable energy sources.
» Ensure comfort and security for inhabitants.

In this context, the present paper focuses on the study of optimization of lighting energy
consumption of the “Low Consumption Solar Smart House” prototype of the UDES (Unité de
Développement des Equipements Solaires) situated in the coastal region of Algeria in
Bousmail, Tipaza. The present work is organized as follows: Section 2 presents the description
of UDES solar smart house. In section 3, the lighting system of the house is exposed and the
aim is to find most suitable devices that consume less power but still ensure visual comfort. To

achieve this, a light distribution study will be described.

2. UDES’ Solar Smart House

The solar house with 57m2 area is situated in the coastal region of Bou-Ismail, Tipaza, Algeria
(Latitude: 36°38'33" North and Longitude: 2°41'24" East). It was assumed that a family of three
members occupied it. The home energy demand depends on the number of appliances, the
electrical power used by each appliance and the amount of use of appliances, which was
determined by the behaviour of the occupants in the house.
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Fig 1. Solar smart house of UDES-Bou-Ismail, (a): Outside view, (b): house plan

This house has a photovoltaic system composed by a PV generator, an inverter and a battery
bank. The sizing of the PV system was determined by considering the mean electricity
consumption of a typical house. The energy needs of the house are met by the direct local PV
power generation, then by the battery bank and as a last resort by the grid. In case of excess
production, this is injected into the network. The PV system was included to the proposed solar

home prototype in order to reduce the power grid dependence.

3. Study of the lighting system of Solar Smart House

Saving energy in house induces the optimization of the lighting energy consumption, which
involve studying firstly the lighting distribution. A comparison between different Luminaires
(lighting devices) was also performed to find the more suitable to be applied in the house. Some
important features have been taken into account in this study when choosing the right lighting
device (bulb or tube):

- Color rendering index (CRI): it is a measure of the ability of the light to illuminate colors
accurately. The higher the better.

- Efficiency (or efficacy, as it is called in the lighting industry): Lighting efficacy is measured
in lumens (light output) per watt (electricity use). The higher the better.

- Flux: is the measure of the perceived power of light. It is measured in Lumen.

In UDES’ solar smart house, Linear and Compact fluorescent lights are installed as described

in figure 2. Table 1 presents the lighting system distribution.
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Fig 2. Lighting system of UDES’ smart house: © Represents CFL bulb, / Represents 2 LFL

tubes in same position

Table 1. Distribution of the lighting system of UDES’ smart house.

Power
Type of ) Number of
ZONE o ) Consumption of the )
Lighting Device ] devices used
device (Watt)

Living room | Linear Fluorescent 36 4

Zonel | Kitchen LFL (tube) 36 2

Zone 2 |Sleeping room LFL (tube) 36 4

Hall Compact Fluorescent 60 1

Zone 3 | Bathroom CFL (bulb) 60 1

Restroom CFL (bulb) 60 1

Zone 4 Entry CFL (bulb) 60 1

Zone 5 | Work room CFL (bulb) 60 1

3.1 Lighting distribution study

As mentioned in Table 1, Linear and Compact fluorescent lamps (LFL/CFL) were installed in
the house without any technical study because this step is often neglected in the residential
sector. As a result, visual comfort is not achieved, light is not uniformly distributed in the
surface, and a lot of energy is wasted. In our case study, the total energy consumed in house is
around of 15.197 kWh and that consumed by lighting is about 3.51 kWh. Lighting represents
23.09%of the total energy. Therefore, a real light distribution study should be done, following
the above objectives:

a. Consume a lower amount of energy.

b. Ensure a visual comfort adapted to each room, that is:
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250 to 300 lux for the living room,
300 to 350 lux for the kitchen,
250 to 300 lux for the sleeping room.

c. Avoid harmful components as the mercury for fluorescent technology.

d. Match an optimal cost.

A comparative study between the LFL technology previously installed in the house and the
LED technology is established. It is shown that, the LED technology can meet most of
objectives. The obtained light distributions were measured using a lux-meter in a specific zone

of the house.

3.2 Comparative study of light distribution in the house

In order to choose the more suitable technology for the lighting system of the solar smart house
and to meet the appropriate properties, the comfort of inhabitants and the cost, a distribution
study using the LFL technology lamp and the LED technology lamp is used. This section
interests to perform a light intensity measurement using a lux-meter (adevice that is able to
measure the intensity of light in Lux) for the Zone 1 of the smart house: open surface of the
living room and the kitchen. Then, to compare experimental and simulation values, DIALux
software has been used (free complete software created by DIAL used for planning, calculation
and visualization of indoor and outdoor lighting). The software makes professional lighting
design easier and accessible. We were able to have a 3D visualization of the house using

DIALux as shown in Fig. 3.

(b)

Fig 3. 3D visualization of UDES’ solar smart house using DIALux, (a) Exterior visualization

of the solar house.(b) Zonel: living room and kitchen.

The light distribution study is conducted by two steps: the light distribution measure in lux
using LFL Lamps and then using the Led Lamps. Simulation and experimental results for light

distribution in zone 1 of the house are presented in Fig. 4 and Fig. 5 respectively.
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Light distribution of LFL tubes in zone 1 of the house: (a) Experimental, (b)

Simulation.
Y T T I YL TP T T [ 128 050 N74 169 190 188 160 0D DA 1M 1M 120 128 1 M1 MT 003 83 1
E B B BIRE BIR'IE B 1 0 |
" . LU L LU - LU L B - - . o " . LU L
A T 20 00 XN T 0NN N I 11 TP T R T e 0
O T T T T ) r MM vYWwAaANMNMNYYYYRYY O TTTTTTTT T TT T T T T T T T T T T
". w N N X \ " m s { J BT RBRRE 1
' . " ) o 1 9 . Y X2 &) rrraggrey & a 4 mhE ek sy iR ok e o
Wl WA NN MY VAN ARSI S (15 WP DT 380 M6 350 258 043 D WS CWE 181 YT W 20D NS 00 % (D
TG R R PR TR, i
Woaow sy dwMmnenw 'y it -
\ \ W A M hYed X A | §EF 2 a ¥ iR i M Y 9ES  EkN i
L PP B .-. .‘u - ‘- DI I U LR v'u o 4 -M-r'h' 1-“"---E‘W---2"'!-'-2.'L':|-".:I i r"" PRI R 2 o -r”
11
WE NN X BNy v R :“.' NN Rl B 10 T N 0T D 250 2N B USE T S W7 S LT L i |
HE BB BE T A ¢ g " ) L C T i it e e el Lol Lol il e L N L LR Tl L LR
IIIII L} L LU ) DAL L LU LB ) L] woan " LN . - I I
WAOUTOME UL W N W AW MW MW 418 0T 3 0 208 000 T WD 10010 VG 0 0B B i 8T 10
NEIUEAE RO R P ETED BRE R |
‘ W N M o N e A e W T T e T ‘___q " "‘1"_1’;'"“_.:#-;” 5 .18 _1,':.‘-_". ‘_I'E‘1,""'-'I.'I " ',i'i‘_'l:ﬂ ‘EI
W N W MWW R e N
" '\ (AN | .l \ \ “.’ N NN K “; "4 * /N |
ME A M e b T e e e e LU LLUBLL B L LU L )
wlm =

(a) (b)
Fig 5. Light distribution of LED tubes in zone 1 of the house:(a) Experimental, (b)
Simulation.
As observed in Fig.4 and Fig.5, the luminance is uniformly distributed using LEDs and non-
uniformly distributed using LFLs. Medium and maximum values obtained using excel software

are shown in Table 2.

Table 2. Medium and maximum values of light intensity using LFLs and LEDs

Medium value
observed in LFL

Maximum value
observed in LFL

Medium value
observed in LED

Maximum value
observed in LED

406 lux

810 lux

350 lux

608 lux

From the Table 2, the medium value obtained by the LFL light distribution is 406 LUX. This
value exceeds the standard 300 to 350Lux needed in a living room, thus, the visual comfort is
not achieved using the LFLs. The moreover, the medium value obtained using the LED light
distribution is 352 lux. The value matches the standard value 300 to 350 lux needed in a living
room, according to the Illuminating Engineering Society of North America report [18], the

standard illumination for a living room and kitchen is to be between 300lux to 500lux.This
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study is extended to the useful plan of the kitchen with the same steps. We conclude that, 6
LED tubes distributed as shown in figure 06 ensure an optimal visual comfort and a
homogenous light distribution in Zone 1 of the house. Table 3 shows the specifications of both
lighting devices.

Table 3. Characteristics and specifications of LFLs and LEDs.

Type of Power o ]
o ] Life time Time to
lighting consumption
_ Flux IRC Hours turn on
Device (Watt)
Linear
Fluorescent 500 to
o 36 2400 90 8.000
Lighting 1500 mS
(LFL)
Light
Emitting 16 1600 94 20.000 Instantaneous
Diode (LED)

Fig 6. Light distribution in Zonel with LEDs using DIALux software in the useful plan
"0.85m".

From Table 4, it can be seen that LEDs offer many advantages compared with LFLs: lower
power consumption, higher color rendering index, much higher life time and higher time to turn
on. As below advantages concluded from this study:

 Low energy consumption: 16 W. High color rendering index (CRI): 94 %. Long Life time:
20.000 hours.

* Optimal visual comfort.

As described previously, there are 6 tubes used in zonel. Table 4 shows technical parameters

for that zone.
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Table 4. Technical comparison between LFLs and LEDs in zone 1

Total Energy

Type of lighting _ Total Power consumption
_ Number of devices ]
Device consumption(W) (Watt/hour) for
3h/day
Linear Fluorescent
Lighting (LFL) 6 216 648
Light Emittin
9_] : 6 96 288
Diode (LED)

Table 4 and Table 5, we conclude that LED technology is more suitable for our case study and
shows many advantages. Assuming that lights are turned ON for about 3hours a day in summer,
the energy consumed by LFLs is 648Wh where the energy consumed by LEDs is 288 Wh. It
represents an optimization of 55.55% in the lighting energy consumption in zonel. For these
reasons, this work has been extended to all house zones and we replaced all Linear and Compact
fluorescent lamps (LFL/CFL) lamps by LEDs. Table V describes the new lighting system using
LEDs lamps. The lighting energy consumed using Led technology is around 1.55 kWh instead
3.5KWh using LFL technology. It represents an optimization of lighting energy consumption
of 55.87% in all house zones. The total house energy consumption is than 13.247kWh using
LED technology instead of 15.197kWh using LFL, which represents a total energy saving in
the house of 12.85%.

Table 5. Lighting system of UDES solar smart house after performing light distribution study.

Power
Type of ~ |Number of Energy Total Energy
o Consumption ] )
ZONE Lighting ) devices | consumption | consumed by
) of the device o
Device used (Wh) lighting (Wh)
(W)
Living room|LED tubes 16 4
01 Kitchen LED tubes 16 2 1360
Sleeping
02 LED tubes 16 4
room
1549
Hall LED spots 18 1
03 Bathroom |LED spots 18 2
Restroom |LED spots 18 1 189
04 |[Entry LED spots 18 1
05 |Work room |LED spots 18 2
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4. Conclusion

In this paper, first, a comparative study on light intensity distribution in UDES’ solar smart
house has been presented for two different types of devices used in the lighting system. The
results show that LEDs are more suitable for residential use since they reduce considerably the
power consumption. The light distribution can ensure an optimization of 55.87% of the energy
consumption thus, an optimization of 12.85% of total energy consumption of the selected house.
This method is then highly efficient for the optimization of power consumption and for the
improvement of inhabitant’s comfort. To summary, this work leads to understand that the
preliminary study of the lighting system is essential to achieve visual comfort, optimization of
the energy consumption and optimal cost.
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