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ABSTRACT

In this study, a place of worship lighting in ac‑
cordance with CIE standards was examined. Halo‑
gen lamps were used in the place of worship light‑
ing, which was physically applied. Halogen lamp 
lighting and LED illuminated place of worship 
environment were compared in terms of lumi‑
nance level and economic cost in a simulation en‑
vironment. The illumination level should be 100 lx 
or above for places of worship according to CIE 
standards. Lighting using LED lamps, which pro‑
vide 100 lx illuminance levels, has yielded 85 % 
more efficient results than illumination by halogen 
lamps.

Keywords: energy efficiency, LED, histori‑
cal place, artificial lighting, illuminance, energy 
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1. INTRODUCTION

Illuminance, which is physically defined as the 
luminous flux at the unit area, is also expressed as 
the perceptibility level of the environment or as a 
result of the light’s usability. There are two types of 
lighting: day lighting and artificial lighting [1–2].

The lighting pattern of natural light differs 
hourly, seasonally, and would change accord‑
ing to weather conditions. Since it is not possible 
to provide illumination at any time with daylight, 
artificial lighting is preferred in the lighting of the 
places where the lighting needs are obvious [3–5]. 
Good and accurate lighting increases work efficien‑

cy and economic development, prevents accidents, 
prevents eye distortion, improves eye perception, 
and improves living comfort. The structure of the 
place to be illuminated and the reason for the illumi‑
nation necessity determines the criteria of the light‑
ing installation.

The characteristics of the area to be illuminat‑
ed affect the criteria for determining the lighting el‑
ement to be selected as the aesthetic quality of the 
architectural building. These characteristics should 
be considered in terms of comfort‑related concepts 
such as glare, colour rendering index, and correlat‑
ed colour temperature of the light sources used 
[6–8].

This study focuses on the lighting of a histori‑
cal mosque located in Diyarbakır, Turkey. The topic 
was chosen because much too little study has been 
done on both lighting and modernization of illumi‑
nation systems for historical buildings [9]. Within 
the scope of the study, principals about to lighting 
design of the historical buildings and the advan‑
tages of using LED lighting at such places are in‑
vestigated in terms of energy savings. In the pro‑
posed study, modern and low energy consumption 
LED luminaires have been adapted instead of inef‑
ficient lighting elements in the historical building. 
In this way, while achieving illuminance levels in 
accordance with the standard, energy savings were 
achieved at the same time. During the design and 
assembly stages of the lighting elements, the origi‑
nality of the building was fully protected.

A lighting project implemented in this study was 
analysed according to the International Lighting 
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Commission (CIE) standard [13]. For this purpose 
the lighting application in the project was compared 
by a non‑commercial simulation program.

2. LED LIGHTING

Energy consumption for lighting increases day 
by day. Due to the unconscious use of energy re‑
sources, the lack of sufficient technical infrastruc‑
ture to reach renewable energy sources, and the 
high‑energy amounts, the importance of saving in 
lighting has increased remarkably [10–12].

In order to provide efficiency in protecting the 
health and comfort of users, it was established that 
fluorescent bulbs, which are used instead of incan‑
descent lamps in new projects, have lost their ef‑
fectiveness and LED lamps are preferred as much 
as possible. Light emitting diodes (LEDs), the lat‑
est technology used in artificial lighting, are regard‑
ed as the most important invention in the history of 
lighting after the electric lamp that Edison discov‑
ered centuries ago [14, 16].

Lighting elements with high efficiency and co‑
lour diversity have been obtained in lighting by de‑
velopments in semiconductor technology. LEDs are 
also the product of this development. For exam‑
ple, instead of a 60 W incandescent filament lamp, 
9W LED array can be used to save (80–85)% en‑
ergy [17–22]. Because LEDs are used both as a 
single light source and as a fixture, the LEDs that 
enable the improvement of energy efficiency in 
lighting need to be evaluated differently than tradi‑
tional light sources. For example, LED lamps can 
be used for all kinds of software and communica‑
tion [23–26].

3. A PLACE OF WORSHIP LIGHTING 
WORK

Exhibition of the historical places in a prop‑
er and decent way has gained importance and in 
the last few years, many new and different meth‑
ods have been used on it. Proper illumination is the 
best way to figure out these properties. The main 
goal of lighting is to provide excellent vision with 
low energy consumption. In addition, it is vital not 
to harm the historical buildings and their prominent 
features. In this paper, the illumination of a histori‑
cal building has been discussed. An ancient mosque 
was selected as a status study. First, considering the 
indoor illumination level criteria identified by stan‑
dards and using original architectural plans, the ar‑
eas to be illuminated in this historical building were 
determined. Then, the designated areas were illu‑
minated without damaging the historical place and 
giving importance to visualisation. Proposed sys‑
tems were implemented experimentally to deter‑
mine the most accurate results by the addition of 
environmental and architectural effects. One-year 
energy consumption comparison of two type light‑
ing methods was proposed by using energy tariff 
data.

In general, the main objectives of the illumina‑
tion design of a historical building should be:
 The main architectural elements, ornaments, 

valuable elements of the registered cultural heritage 
should be compatible with the original texture in a 
way that emphasizes the social and historical impor‑
tance as well as the value of the moment and doc‑
ument along with the original pieces of that work;
 Make it possible to observe and perceive the 

area in a qualified way;

Fig. 1. Practiced place of worship and numbered lighting areas [28, 29]
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 To support the safety of works, especially in 
the old districts of cities, to increase user living, 
sightseeing and roaming comfort at night;
 To develop an approach that is appropriate 

to the principles of restoration besides aesthetics;
 Minimizing environmental impacts and max‑

imizing energy savings while reaching desired illu‑
minance levels [27].

Illumination of Fatih Paşa Mosque that built in 
Diyarbakır between 1516 and 1520 selected as a 
case study was performed according to these objec‑
tives. The place of worship and numbered lighting 
areas are shown in Fig. 1.

There are both indoor and outdoor illumination 
applications in this study. While the outdoor illumi‑
nation is only for visualisation, this study focused 
on indoor illumination that has to meet standards. 
The minimum indoor illuminance level for worship 
is determined as 100 lx according to the CIE stan‑
dard [13].

In the Fatihpaşa Mosque, during the daylight 
hours, the illuminance levels were measured with‑
out lighting elements as shown in Fig. 2. It is seen 
that the illuminance levels are very high in some ar‑
eas with daylight only and it is well below the de‑
sired in some areas.

Fig. 3 shows the measurements made using only 
the central lighting chandelier. It was observed that 
only the central chandelier was used during the day 
to provide the appropriate illumination levels for 
the place of worship. Fig. 4 shows measurements 
made using only lighting installations in the night. 
Indoor view of mosque after installation complet‑
ed is given in Fig. 5. Table 1 shows the illuminance 
values according to the places of worship in manu‑
al measurements.

The lamps that operate actively during the day 
or at night are the lamps in Area‑6. When Table 1 
is examined, in the measurements made physical‑
ly, 36 lx for 5 m height was measured in daylight in 
Area-6. During the day, when artificial lighting is 
made only in Area‑6, 200 lx was measured. Again, 

Fig. 3. Indoor experimental illuminance measurements 
with only the central luminaire open during daytime

Fig. 2. Indoor daylight luminance levels measurement 
values

Fig. 4. Experimental measurement of indoor illuminance 
levels when using lighting elements at night

Fig. 5. Lighting scene with only embedded LED 
wall‑washers
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in the area‑6 measurement at night, 220 lx was mea‑
sured with the effect of other projectors. Accord‑
ingly, 36 lx value does not comply with CIE crite‑
ria in daylight free environment [1, 3, 30], because, 
at least, 100 lx illuminance is required for plac‑
es of worship in the relevant CIE Standard [13]. If 
32 halogen lamps are used in area‑6, it is seen that 
unnecessary consumption is made if the lamp con‑
sumption is considered to be 60 W. If the lighting 
is realized with LED bulbs, a comparison has been 
made in the simulation environment for the ener‑
gy consumption difference. In other words, 32 hal‑
ogen lamps in area‑6 were evaluated as LED lamps 
in the simulation environment and a comparison 
was made in terms of their illuminance levels. LED 

lamps used in the simulation have a power of 9W. 
These LED bulbs are in the daylight colour. 9W 
LED bulb and 60W halogen bulb are equivalent. 
The simulation used is prepared for the purpose of 
lighting.

It is a non‑commercial simulation. The area to be 
illuminated is divided into equal parts. The calculat‑
ed section is area‑6 (12×12) m. The light source is 
at a height of 5 m. The maintenance factor is accept‑
ed as 0.92. Table 2 was calculated in the simulation 
environment according to the illuminance level val‑
ues   in the middle point of each region. The average 
illumination level according to Table 2 is Eaverage = 
118.29 lx. The illuminance level should be 100 lx or 
above for places of worship according to CIE Stan‑
dard. Accordingly, it is understood that the use of a 
9W LED lamp is more advantageous than a 60W 
halogen lamp. As a result of the data entered into 
the simulation, Table 2 shows the illuminnance lev‑
els of points in the place of worship.

4. ECONOMIC EVALUATION IN TERMS 
OF ENERGY CONSUMPTION

Daily energy consumption for each illumination 
device can be calculated as given in equation:

b a opE P n t= , (1)

where E (Wh) is the energy, Pb (W) is the pow‑
er of one bulb, na is the number of chandelier arms, 
and top (h) is the operating time of luminaire, which 
has daily values of 2 hours, 5 hours, and 12 hours 

Table 1. The Illuminance Values According to the 
Places of Worship in Manual Measurements

Area
Daylight 

(no artificial 
lighting), lx

Daytime 
main 

lighting, lx

Night 
lighting (full 
capacity), lx

1 20 75 90
2 330 330 100
3 24 80 100
4 440 440 98
5 70 90 110
6 36 200 220
7 110 124 110
8 55 64 98
9 116 130 84
10 60 72 96

Table 2. Illuminance at the Points in the Place of Worship, lx 
Emin=18.56 lx Emax=399.94 lx Eaverage=118.29 lx

Meter/Meter 0.700 2.100 3.500 4.900 6.300 7.700 9.100 10.500 11.900 13.300
0.583 15.64 14.01 9.53 13.36 13.97 13.98 13.37 9.55 14,04 15.68
1.750 28.58 26.98 16.73 21.69 21.71 21.72 21.71 16.762 27.01 28.63
2.917 49.13 45.99 32.44 30.56 27.27 27.27 30.57 32.47 46.02 49.18
4.083 87.07 68.99 62.92 41.08 37.43 37.44 41.09 62.95 69.03 87.12
5.250 164.72 140.28 98.89 60.55 57.53 57.54 60.57 98.92 140.32 164.78
6.417 235.46 283.84 183.06 98.47 82.22 82.22 98.49 183.09 283.88 235.52
7.583 359.26 406.25 262.06 144.49 111.32 111.33 144.51 262.09 406.29 359.32
8.750 284.76 291.16 195.53 122.71 101.25 101.25 122.73 195.56 291.20 284.83
9.917 158.65 129.60 94.322 65.659 62.80 62.81 65.67 94.35 129.64 158.71
11.083 77.78 58.14 47.34 36.26 37.84 37.85 36.27 47.37 58.19 77.84
12.250 43.69 36.81 30.76 24.97 24.826 24.83 24.99 30.79 36.85 43.74
13.417 29.25 24.81 21.80 18.71 17.335 17.34 18.72 21.82 24.84 29.30
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according to illuminator location as indoor and out‑
door. Annual energy consumption of classical and 
LED illumination system components was calculat‑
ed by using equation (1) and summarized in Table 3 
and Table 4 respectively. In addition, equipment 
costs are given in Table 5.

According to the Electricity Market Regulatory 
Authority of Turkey data, as of 01.01.2020 per unit 
price of electricity was determined to be 0.8376 
TL/kWh and 27174.96 kWh to be calculated for 
energy savings. So,  annual energy saving is pro‑
vided to be equal to 27174. 96 kW×h×0.8376 =  
22761.7 TL. Difference with LED system will ap‑
proximately be amortized total cost in about 9 
months. It should be noted that lamp lifetimes 

are not taken into account. It is clear that pay‑
back period will further be reduced when consid‑
ering lifetimes of both lamps. Annual cost com‑
parison by adding initial investment costs is given 
in Table 6.

5. CONCLUSION

This study proposes the illumination of a histor‑
ical building. An ancient mosque built in the ear‑
ly 16th century selected as a case study. The study 
includes the physical installation of lighting sys‑
tems. Within the scope of the study, the installation 
of LED lighting systems was carried out while pre‑
serving the original state of the building.

Table 6. Cost Comparison

Light source in 
fixture Number of 

used elements
Annual energy 

consumption, kW·h
Annual energy 

cost, TL
Initial investment 

cost, TL Total cost, TL

Halogen 163 32508 27228.7 3816 31044.7
LED 163 5333.04 4466.95 20590 25056.95

Saving 27174.96 5987.75

Table 3. Energy Consumption for Classic Luminaires

Equipment Power per piece, W Used pieces Annual energy consumption, kW·h
Halogen Lamp 60 64 6912

Halogen Projector 50 48 8352
Halogen Projector 100 51 17244

TOTAL 32508

Table 4. Energy Consumption for LED Luminaires

Equipment Power per piece, W Used pieces Annual energy consumption, 
kW·h

LED lamp 9 64 725.76
LED wall‑washer 9 48 1503.36
LED wall‑washer 18 51 3103.92

Total 5333.04

Table 5. Lighting Equipment Costs

Equipment Power, W Cost, TL/piece Used pieces Total cost for proposed 
study, TL

Halogen lamp 60 9 64 576
Halogen projector 50 25 48 1200
Halogen projector 100 40 51 2040

LED lamp 9 10 64 640
LED wall‑washer 9 150 48 7200
LED wall‑washer 18 250 51 12750
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In this study, the most important situation is the 
examination in terms of energy efficiency and sav‑
ing. Cost calculations have been made for the cases 
where the lighting is done with classical and LED 
systems. As a result of the calculations, it has been 
observed that a great amount of energy can be saved 
when lighting installations with LED systems are 
using.

During the day lighting in area‑6 with 32 lamps 
is needed. For the lighting in area‑6 with 32 lamps 
during the day, 60W halogen lamp lighting applica‑
tion and 9W LED illuminated simulation were com‑
pared in terms of energy consumption. The instan‑
taneous total energy consumed by halogen bulbs 
is 1920W and the instantaneous total energy con‑
sumed by 32 LED lamps is 288W. Accordingly, it is 
understandable that when an LED lighting that pro‑
vides 100 lx and above are using ambient illumina‑
tion, recommended by CIE Standard, is achieved 
with efficiency equal to 85 %. The average illumi‑
nance level for LED illumination in the simulation 
environment is equal to 118.29 lx.
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