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Abstract 

Energy efficiency is one of the main focuses of research in 
electrical engineering at the present time. The increased atten-
tion and study to identify more efficient and smarter ways to 
use electrical energy comes directly from the growing need to 
conserve dwindling global resources, as well as growing con-
cerns over the environmental impact of the conventional ener-
gy sources. 

Index Terms:Energy; lighting;energy efficiency; Photovoltaic; 
control  

 

1. Introduction 

A decreased use of energy means less to pay for energy bills, 
reduced load on the grid and less environmental impact. Light-
ing is the most common and naturally the most constant form 
of load. It represents a significant portion of the total electrici-
ty consumption all building types, and it is more prominent in 
commercial buildings (lighting consumes 25 – 30% of energy 
in commercial buildings) [1]. 

In next pages I am going to write verify about the different 
methods to improve the efficiency of lighting system. 

The energy efficiency in lighting is defined as optimization of 
energy consumption, with no effect on lighting quality.  The 
challenge is how to provide illumination at best practice stan-
dards while, at the same time, using the minimum amount of 
electricity necessary [2]. 

This paper discusses about some methods thatContributeto 
Improving the energy efficiency of lighting systems. 

The paper structure is as follows: Section 2 proposed methods 
that Contributeto Improving the energy efficiency of lighting 
systems. 

 

2. Improving the Energy Efficiency of Lighting Systems: 

 Design light quantity and quality for the task and occu-
pants’ needs: 

 Replace incandescent lamps with the most energy efficient 

types of lamps:  

 Replace magnetic ballasts with electronic ballasts: 

 Maintenance & Operation of lighting system: 

 Use of Daylight in Buildings to reduce energy used.  

 Use photovoltaic to lighting the streets and outdoor facili-
ties: 

 Use Energy efficiency label for Light appliances: 

 Use lighting control technologies: 

 

2.1 Design Light Quantity And Quality For The Task And 
Occupants’ Needs: 

Effective lighting design starts with a comprehensive evalua-
tion of various factors to address the lighting needs of occu-
pants, which are influenced by the specific tasks carried out in 
the workspace. The lighting system should be crafted to deliv-
er both the appropriate quantity and quality of light that aligns 
with these requirements. Important considerations include col-
or, availability of daylight, glare, and light distribution. Retro-
fits that overlook this assessment risk continuing outdated de-
signs that may no longer meet the needs arising from work-
space reconfigurations or shifts in task types (for instance, 
from paper-based to computer-based activities) [3]. 

 

2.2 Replace Incandescent Lamps With The Most Energy 
Efficient Types Of Lamps:  

To enhance efficiency, it is essential to utilize energy-saving 
lamps. There are various types of lamps available, each suited 
to specific tasks and applications, such as outdoor, indoor, or 
industrial use. Important factors to consider include luminous 
efficacy, color temperature, color rendering index (CRI), cost, 
lifespan, and other relevant parameters [4]. 

Below briefly definition about some of the terms mentioned 
above which will help us understand and compare the different 
types of lamps. 
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 Luminous Efficacy: quotient of the luminous flux emit-
ted by the power consumed by the source. Its unit: lm /W. 

 Colour Rendering Index (CRI): measure of the degree 
to which the psychophysical colour of an object illumi-
nated by the test illuminant conforms to that of the same 
object illuminated by the reference illuminant, suitable al-
lowance having been made for the state of chromatic 
adaptation. 

 The color temperature:The light produced is compared 
to the perceived color of a black-body radiator at the cor-
responding temperature on the absolute temperature scale. 

 Life (of a Lamp): The total time for which a lamp has 
been operated before, it becomes useless. 

 

2.3 Replace magnetic ballasts with electronic ballasts: 

Ballasts play a crucial role in lighting systems, as they directly 
influence light output. A ballast regulates the electrical current 
needed to start a lighting fixture and maintain a consistent light 
output. Therefore, it is essential to replace outdated core and 
coil technology with electronic ballasts to enhance the effi-
ciency of the lighting system. 

Electronic ballasts offer numerous advantages, including dim-
mability, energy savings of up to 13%, a 30% increase in lamp 
lifespan, reduced audible noise, elimination of flickering, and a 
compact size[5]. 

In other side there are some of disadvantages of electronic 
ballasts which can be summarized in the following points: 

 Relatively expensive. 

 short lifetime (typically one to five years). 

 not environmentally friendly (toxic and/or not biodegrad-
able electronic waste that is not recyclable). 

 no self-recovery features. 

 high maintenance and repair costs. 

 

2.4Maintenance & Operation of lighting system: 

A lighting upgrade goes beyond merely installing efficient 
equipment. Often, cost-effective opportunities for reducing 
energy and maintenance expenses, as well as enhancing occu-
pant satisfaction, are overlooked because operational and 
maintenance considerations are either ignored or addressed 
sporadically after the upgrade. It is essential to incorporate the 
following decisions into your upgrade design from the outset 
[6]. 

All lighting systems experience a decrease in light output and 
efficiency over time from three factors: 

 Lamp light output decreases (lamp lumen depreciation). 

 Dirt accumulates on fixtures (luminaire dirt depreciation). 

 Lamps burn out. 

Over time, these factors can reduce a system's efficiency by as 
much as 60%, leading to wasted energy and maintenance costs, 
while also compromising safety, productivity, and the overall 
aesthetics of the building. Implementing a planned mainten-
ance program that includes group relamping and regular fix-
ture cleaning can minimize this waste and optimize system 
performance. It’s important to remember that the cheapest 
lamp to purchase may not be the most economical option in 
terms of operational costs [7].  Figure (1)shows the efficiency 
loss over time. 

 

Figure1:Efficiency loss over time 

 

2.5Use of Daylight in Buildings to Reduce Energy Use: 

 

Improving a building's energy efficiency by reducing energy 
consumption can be achieved in various ways. One effective 
approach in public buildings is utilizing daylight to illuminate 
interior spaces. Standards and regulations establish the re-
quired light intensity in buildings based on their intended use. 
By harnessing natural daylight, we can decrease the energy 
needed for artificial lighting while ensuring the necessary light 
levels are maintained[8]. 

This can be accomplished through effective lighting control, 
which allows for the switching on, off, or dimming of light 
sources. A well-designed lighting control system aims to pro-
vide consistent, adequate illumination while minimizing power 
consumption. This solution not only enhances the building's 
energy efficiency but also improves user comfort and safe-
ty[9]. 



Arch
light
durin
to th

 

DF =

wher
door

Eo =
from

 

Fact

 

 

 

The 
sum 

Lux 

Each
(e.g.
quire

 

 

Pass
imiz
unwa

 

 

 

 

 

 

 

 

 

Whe
ward

It is 

Internation

hitects should 
ting. And ther
ng the design 

his topic as wil

The daylight 
the ratio of in
defined as fol

= (Ei / Eo) x 1

re: Ei = illum
rs working pla

= simultaneou
m an unobstruc

tors affecting

The sky comp
visible at the 

The externall
flected from 
point conside

The internally
ing through g

illuminance le
of these: 

= SC + ERC 

h of these co
 the reflectiv
ed level of ligh

Techniques f

ive daylightin
e its benefits 
anted glare. T

window size, 

glazing coatin

reveal angles.

shading devic

skylights and 

light wells. 

tubular daylig

reflective or p

daylight respo
in next ways 
trol of lightin

ere possible, c
d. 

vital to preve

nal Journal of

design buildi
e is important
that is daylig
ll explain belo

factor (DF) i
nternal light le
llows: 

100% 

minance due to
ane 

us outdoor illu
cted hemisphe

g Ei are: 

ponent (SC): 
point conside

ly reflected c
an exterior 

red. 

y reflected co
glazing and ref

evel (lux) at a

+ IRC 

mponents ma
vity of interna
hting. 

for using natu

ng is a system
for lighting, i

The following 

shape, positio

ngs. 

. 

ces (interior an

roof lights. 

ght devices (su

pale painted su

onsive electric
to improve e

g system). 

ceilings might

nt direct dayli

f Applied Engi

ings to maxim
t items that mu
ht factor and 

ow: 

is commonly 
evel to externa

o daylight at 

uminance on 
ere of overcast

direct light fr
red. 

component (E
surface and 

omponent (IRC
flected from a

any point being

ay be adjuste
al surfaces) t

ural light: 

m of collecting
in a controlle
tactics may be

on, and orienta

nd exterior  ) . 

un pipes  ) . 

urfaces and in

c lighting con
efficiency by 

t be sloped to

ight reaching 

ineering Rese
© Resea

mize the use o
ust take in acc
other point re

used to deter
al light level a

a point on th

a horizontal p
t sky. 

rom a patch o

ERC): the ligh
then reaching

C): the light e
an internal sur

g considered i

d by the des
to achieve th

g sunlight to 
d manner to a
e deployed: 

ation. 

nterior decor.

ntrol (more ex
management 

o direct lighte

critical visual

earch ISSN 09
arch India Pub

360 

f day 
count 
elated 

rmine 
and is 

he in-

plane 

of sky 

ht re-
g the 

enter-
face. 

is the 

igner 
he re-

max-
avoid 

xplain 
con-

er in-

l task 

area
brou
sudd
inten
the l

One
natu
mos
dom
high

 

Pic 

 

2.6
Faci

Sola
enha
ing 
appr
sour
also 
foste
light
abso
an a

973-4562 Volu
blications. 

as, and so it n
ught in gradua
den contrast b
ntion is to dir
likelihood of e

 of the unique
ural lighting is
que is charac

me of mosque 
h degree of lig

1:Tabuk Univ

Use Photovo
ilities: 

ar radiation po
ance the energ
electrical pow

roach not on
rces, which of

promotes the
ering greater s
ts is fundame
orb sunlight an
automated swi

ume 19, Numb

needs to be fil
ally further wi
between natur
rect low daylig
excessive brig

e architectural
s the Mosque 
terized by a n
and glass wa

ght transmittan

versity Mosqu
is c

oltaic to Ligh

ossesses signi
gy efficiency 
wer consumpt
nly reduces 
ften contribute
e use of renew
sustainability.
entally simple
nd store energ
itch, which als

ber 4 (2024) p

ltered. Artific
thin spaces, so
ral and artific
ght high into 

ghtness)[10]. 

l examples in 
University of

natural lightin
alls made of d
nce.  

ue and the role
clear. 

hting the Stre

ificant energy
of lighting sy
tion for lighti
reliance on 

e to environm
wable and cle
 The working

e. During day
gy in a batter
so acts as a ph

p. 358-363 

cial light shou
o that there is 
ially lit areas
a space (to re

the exploitati
f Tabuk, wher

ng system from
double glass w

e of natural lig

eets and Out

y potential tha
ystems by dec
ing purposes.
traditional en
ental pollution
an energy sou

g principle of 
ytime, the PV 
ry. As the sun
hotoreceptor s

uld be 
not a 
. The 
educe 

ion of 
re the 
m the 
with a 

 

ghting 

tdoor 

 

at can 
creas-
 This 
nergy 
n, but 
urces, 
these 
cells 

n sets, 
sensi-



tive 
the s

 

How
due 
charg
from
from
over
light

Figu

 

Still 
inclu
the i
deve
the f

 

2.7 U

The 
with
Card
cond
addin

It is 
him 
their
ing t
perfo
expla
ent l
plian
energ
stalle
see i

Internation

to light intens
system to activ

wever, a challe
to clouds or

ge effectively
m the batteries
m lasting throu
rcast, the phot
ts instead. 

ure (2) shows h

Figure 2: Sy

the initial co
udes paying fo
nstallation. N

eloping, so it i
future. 

Use Energy E

Saudi Energy
h the relevant 
d for the most
ditioners, refri
ng lighting th

a label that a
approved wa

r efficiency in
them, to help
ormance and 
ains the electr
levels so that
nce, most eff
gy [12]. The 
ed on the hom
its contents. T

nal Journal of

sity, detects th
vate the solar 

enge arises wh
r dust. Overc
y, resulting in
s. Consequent
ughout the nig
toreceptors wi

how the system

ystem compon

st of purchasi
or solar panels

Nevertheless, s
is safe to assu

Efficiency Lab

y Efficiency 
authorities p

t energy cons
igerators, freez
at is our topic

aims to raise a
ays to compa

n consuming e
p him choose 

the least con
rical energy e
t green repre
ficient and le

energy effici
me appliance, 
The minimum 

f Applied Engi

he reduced su
streetlight [11

hen insufficien
cast days, sol
n limited elec
tly, this may 

ght. If the sky 
ill activate the

m works. 

nents and their

ing a solar sy
s, inverter, bat
solar technolog
ume that price

bel For Light

Center (SEE
prepared the E
sumption appl
zers, and wash

c in the paper. 

a consumer aw
are electrical 
electrical energ

the appliance
nsumption of 
fficiency cons
sents the hig
east energy-c
iency label sh
enabling the c
of energy eff

ineering Rese
© Resea

unlight and trig
1]. 

nt energy is s
lar cells may
ctricity produ
prevent the l
suddenly beco

e grid to powe

r connections

ystem is high. 
tteries, wiring
gies are const
es will go dow

t Appliances:

EC) in cooper
Energy Effici
liances such a
hing machine
 

wareness and
appliances as

gy before purc
e that has the
electric energ

sumption at d
hest levels o
onsuming ele
hall be clearl
consumer to e
ficiency coeffi

earch ISSN 09
arch India Pub

361 

ggers 

tored 
y not 
uction 
lights 
omes 
er the 

 

This 
g, and 
tantly 
wn in 

ration 
iency 
as air 
s and 

d give 
s per 
chas-

e best 
gy. It 

differ-
f ap-
ectric 
ly in-
easily 
icient 

depe
the t
in K
appl
ener
SEE

 

As s
been
follo















 

2.8U

Auto
tion 
facto
Vari
tech
thod
com
set o
savin

973-4562 Volu
blications. 

ends on the ty
type of produc

KSA and globa
liances in the 
rgy efficiency
EC. 

Pic 2: e

shown in the p
n added to al
owing data:  

Product type.

Product techn

QR Code of t

The brand Na

Country of m

Model numbe

Energy effici
of theproduct

UseLighting C

omatic lightin
by decreasin

ors like occup
ous technolog

hnologies diffe
d, control alg

mmissioning, e
of factors that
ngs as well as

ume 19, Numb

ype of produc
ct and accordi
al markets. It 

KSA's marke
y label for l

example for e

picture above
l electrical pr

.  

nical data 

the product 

ame 

manufacture. 

er. 

iency levels s
t, green level b

Control Techn

ng control sy
ng operating t
pancy, time o
gies exist that 
er in their inp
gorithm, cost 
etc. Each of th
t affect their p
s user acceptan

ber 4 (2024) p

ct and will be 
ing to the tech
intended to re
ets. Below is 
lighting that 

nergy efficien

, the energy e
roducts and t

so that the hig
become highe

nologies: 

stems reduce
time of lamps
of day, availa
perform light
ut parameters
of installatio

he control sch
performance 
nce [14].  

p. 358-363 

determined a
hnologies avai
educe the spre

an example 
was prepare

ncy label 

efficiency labe
the labels stat

gher the effic
er [13]. 

 energy cons
s based on va
ability of day
ting control. T
s, their contro
on, complexi

hemes has a un
in terms of en

as per 
ilable 

ead of 
of an 

ed by 

 

el has 
te the 

iency 

sump-
arious 
ylight. 
These 

ol me-
ty of 
nique 
nergy 



In th
used

 

 

 

2.8.1

Amo
occu
many
niqu
nated
and 
is sen

Occu
inclu
Micr
es. S
respo
even

Rese
panc
signi
senso
integ
algor

 

2.8.2

For b
sche
savin
stacl
tion 
lamp

Dayl
light

Internation

his paper I am
d in controlling

1 Occupancy-

ong the variou
upancy sensor
y years. The

ues to determin
d area. Lights
switched off a
nsed. 

upancy senso
uding Passive
rowave sensor
Some sensors 
onse to non-h

n when occupa

earch has show
cy sensor for 
ificantly redu
ors of the sam
grating differe
rithm that use

Figur

2 Daylight- lig

buildings or r
mes linked to
ngs, provided 
les are favora
can effectivel

ps to achieve a

light-linked c
ts on or off, 

nal Journal of

m going to writ
g lighting: 

-based contro

us control sch
r technologie

ese sensors e
ne the presen
s are activated
after a pre-de

rs come in v
e Infrared (P
rs, each with 
are prone to 

human movem
ants are presen

wn that instea
a room or ar

uce these erro
me type or, fo
ent sensor tec
ed.   

re 3: Occupan

ghting contro

rooms that re
o daylight av
factors such 

able. Spaces w
ly utilize natu
adequate illum

controls can e
which is part

f Applied Engi

te about some

ol schemes: 

hemes for lig
es have been
employ motio
nce of occupan
d when an oc
fined delay w

various types 
IR), Ultrason
its advantages
"False-On" er

ment, while ot
nt. 

ad of relying 
rea, using mu

ors. This can 
or improved d
chnologies. Fi

ncy sensor algo

ols: 

eceive dayligh
vailability can
as orientation

with sufficient
ural light, supp
mination level

either be con
ticularly appli

ineering Rese
© Resea

e of the techni

ghting automa
n widely used
on detection 
nts within a d
ccupant is dete
when no move

and price ran
nic, Acoustic,
s and disadva
rrors, triggerin
thers may tur

on a single o
ultiple sensors
involve deplo

detection accu
igure (3) show

orithm 

ht, lighting co
n yield signif
n and potentia
t daylight pen
plementing ele
s [15]. 

nfigured to sw
icable for out

earch ISSN 09
arch India Pub

362 

iques 

ation, 
d for 
tech-

desig-
ected 

ement 

nges, 
, and 

antag-
ng in 
rn off 

occu-
s can 
oying 
uracy, 
w the 

ontrol 
ficant 
al ob-
netra-
ectric 

witch 
tdoor 

and 
ble e
light
like 
light
proa
dayt
savin

2.8.3

Ligh
strai
light
on a
syste
occu
spac
larly
[17]

Sche
time
com
for t
devi
Som
com
even

Sche
into 
auto
prop
er si
offic
in co
panc
such

 

Con

In c
sear
cons
tal c
man
smar
ued 
mitig
pave
ener
gene
spon

 

Aut

Abd
rienc
work
and 

973-4562 Volu
blications. 

common area
electronic ball
ting when day
sports facilit

t-controlled o
ach not only 
time but also 
ng both time a

3Lighting con

hting control s
ightforward pr
t fixtures. The
and off accord
ems are time
upancy patter
ces used for ev
y well-suited f
. 

eduling can b
e switches or

mmon spaces a
time switch u
ices, but more

me digital time
mputer interfac
n annual cycle

eduling contr
lighting contr

omating lighti
perly commiss
ignificant sav
ce building ap
onjunction wi
cy sensors and
h combination

nclusion 

onclusion, en
ch in electric
serve limited g
challenges pos
nd for sustaina
rter and more
innovation a

gate the nega
e the way for
rgy efficiency
erations have 
nsible energy 

hor Biograph

dulmajeed Als
ce in modelin
k focuses on 
grid perform

ume 19, Numb

a fixtures or u
lasts to maint
ylight is availa
ties, hallways
n-off switche
ensures that l
eliminates th

and labor cost

ntrol by time 

systems that r
rinciple: they 
e lights contro
ding to a pred
e-based, maki
rns can be a
vents during s
for the implem

be done using
r time clocks
and outdoor l
se. Time swit

e advanced dig
e switches ca

ce to run throu
es [18]. 

ollers can be
rol panels, wh
ing across m
sioned, time-b

vings, typically
pplications. Sc
ith other cont
d photocells [

ns is mentioned

nergy efficienc
al engineering
global resourc
sed by traditio
able solutions

e efficient ener
and research i
ative impacts 
r a more sus

y, we can ensu
access to re

solutions. 

hy 

aiari is a pow
ng and analy
power loss a

mance optimiz

ber 4 (2024) p

used in conjun
ain the desire
able. In outdo
, and parking

es can be impl
lights are turn

he need for m
ts[16] 

 scheduling: 

rely on sched
set specific o

olled by these 
determined sch
ng them idea

accurately pre
specific time f
mentation of s

g simple cont
s. Fixed rout
lightings are 
tches can be m
gital versions 
an be program
ugh a daily, w

e standalone u
hich serve as c

multiple rooms
based control 
y ranging fro

cheduling syst
trol technolog
[19]. A few sa
d in this paper

cy remains a 
g, driven by 
ces and addres
onal energy s
s increases, th
rgy systems is
in this field w
of energy con

stainable futur
ure that both 
eliable and en

wer systems en
ysis of electri
analysis, rene
zation. He is 

p. 358-363 

nction with dim
d level of arti

oor common sp
g lots, simple 
lemented. Thi
ned off durin

manual superv

duling operate
operating time
systems are tu

hedule. Sched
al for areas w
edicted. Room
frames are pa
scheduling sys

trol devices c
tine indoor a
appropriate ta
manual mecha

are also avai
mmed via per
weekly, month

units or integ
central system
s or floors. W
systems can d

om 10% to 40
tems are often
gies, such as 
avings report
r. 

pivotal area o
the urgent ne
ss the environ
sources. As th
he developme
s essential. Co
will not only
nsumption but
re. By priorit
current and f

nvironmentall

ngineer with e
ical networks
ewable integra

a Member o

mma-
ificial 
paces 
day-

is ap-
ng the 
ision, 

e on a 
es for 
urned 

duling 
where 
ms or 
articu-
stems 

called 
areas, 
argets 
anical 
lable. 
rsonal 
hly, or 

grated 
ms for 
When 
deliv-
0% in 
n used 
occu-
from 

of re-
eed to 
nmen-
he de-
ent of 
ontin-

y help 
t also 
tizing 
future 
ly re-

expe-
s. His 
ation, 

of the 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 19, Number 4 (2024) pp. 358-363 
© Research India Publications. 

363 

Institution of Engineering and Technology (MIET), contribut-
ing to practical power systems research. 
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