
 

 

 

Abstract—The purpose of this study is to find the luminous 

efficacy (lumens per watt) which can be described as the quotient of 

luminous flux and the corresponding radiant flux. By the use of data 

obtained by real measurements, he luminous efficacy was estimated 

for the Dammam area of Saudi Arabia. 
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I. INTRODUCTION 

MONG the options for reducing energy consumption of 

artificial lighting is the effective utilization of daylight. In 

several studies concerning the use of daylight in 

buildings, potential energy benefits have been demonstrated. It 

has also been indicated that daylight can be used as an 

important tool for passive energy conservation and therefore 

requires primary consideration in the initial schematic and 

preliminary design stages [1]–[3]. Several guidelines and 

method have been proposed to help in achieving a good 

daylighting system [4]–[12]. However, one of the main issues 

in daylighting design is the need for reliable data on daylight 

availability, as these can be used as a starting point in daylight 

calculation and prediction.  

Daylight availability (sunlight and skylight) has been 

recorded in a limited number of countries. In the United 

Kingdom there are measurement records, such as those carried 

out by the. Hunt [13] took measurements over a 10 year 

period. 1964-1973, for the total and diffuse external horizontal 

illuminance levels at Lerwick, Eskdalemair, Aldergrove, 

Jersey and London. Littlefair [14] from the Building Research 

Establishment (UK) took measurement that covered the period 

from February 1981 to January 1984. These measurements 

comprised the total illuminance on a horizontal plane and four 

vertical planes facing north, east, south and west. Outside the 

U.K., in Europe, short-term measurements were taken by 

Krochman [15] in several countries including Germany, 

Austria, France, Finland and Russia. Measurements have also 

been made in Czechoslovakia [16], Sweden and the 

Netherlands [17]. In the United States, measurements have 

been made at different places, such as the measurements made 

by Kimball and Hand [17] covering the period between 1919 

and 1922 for Washington D.C. and Chicago. Also other 

measurements were recorded in Baltimore, Maryland, 

 
Khalid A. Alshaibani is with the University of Dammam, Dammam, 

31451 Saudi Arabia (corresponding author‘s phone: 966555855911; e-mail: 

kshaibani@uod.edu.sa). 

Washington D.C. [17] and San Francisco [18]. Outside the 

U.S.A. and Europe, measurements have been recorded in 

Australia [19], Turkey [20], Japan and South Africa [17].  

In Saudi Arabia, many meteorological stations have 

continuous records of climatic components and effects. 

Although solar radiation intensities have been recorded, no 

daylight components were measured. However, External 

illuminance can be obtained through calculations, and this can 

be done by the use of other meteorological data, such as solar 

altitude, sunshine hours, solar radiation, visibility and other 

meteorological data [21]–[25]. For the different sky conditions 

(cloudy, partly cloudy, and clear), mathematical models based 

on recorded measurements have been proposed. Solar altitude 

was used as a common factor in most of these formulae. Under 

clear sky condition some formulae have been given, such as: 

 
where:  

Eg = global illuminance on a horizontal plane in kilolux.  

h = solar altitude 

Some researchers used other meteorological data such as the 

conversion of solar irradiance into equivalent illuminance data 

by multiplying it by the luminous efficacy value [27]–[29], or 

by using models based on the use of the luminous efficacy, 

such as the formulae given by Crisp and Lynes under the clear 

sky conditions [30]: 

Eg  = (Ks Idn sin h + Ka Idh) F  

where  

Eg  = global illuminance on a horizontal plane in kilolux.  

Idn = the normal direct radiant intensity  

Idh  = the diffuse horizontal radiant intensity  

F   = the luminous efficacy  

and Ks and Ka are solar factors. 

Other researchers use other meteorological data, such as 

cloud cover [31] and sunshine duration [32] as a mean of 

calculating external illuminance. 

Due to the possibility of converting the available solar 

radiation quantities into daylight quantities by using the 

suitable luminous efficacy values, this study aimed to find the 

luminous efficacy for the Dammam area in Saudi Arabia. 

II.  THE LUMINOUS EFFICACY 

The luminous efficacy (in lumens per watt) can be described 

as the quotient of luminous flux (in lumens per unit area) and 
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the corresponding radiant flux (in watt per unit area). Any 

quantity of solar radiation measured at a given time can be 

converted into equivalent illuminance data, if the luminous 

efficacy of daylight, at that time, is known. The luminous 

efficacy is not a constant; it depends upon the way in which 

radiation energy is shared between the visible and invisible 

(infra-red and ultra-violet) parts of the spectrum. How this 

energy is shared depends upon a number of factors including 

solar altitude, water vapor content and sky condition. 

Luminous efficacy will also vary whether diffuse sky radiation 

alone, or direct sun radiation alone, or the global (sun and sky 

radiation) is considered [33]. To convert solar radiation data 

on different surfaces into equivalent illuminance data, the 

luminous efficacy values of direct radiation, diffuse radiation 

and the global radiation should be available.  

Many researchers have proposed functions or given values 

to be used for the different mentioned efficacies. Looking at 

Table (1), and according to Littlefair [34], it is clear that there 

are considerable differences between the measured values 

obtained by the various authors. However, the discrepancies 

could be due to differences in atmospheric turbidity, climate, 

or measurement errors, which make it difficult to choose a 

definite value.  
TABLE I 

VALUES OF GLOBAL LUMINOUS EFFICACY FROM CLEAR SKY AND SUN 

[34] 

 

III. THE LUMINOUS EFFICACY OF DAYLIGHT FOR THE 

DAMMAM AREA 

Dammam area is located on the eastern coast of Saudi 

Arabia, on the Arabian Gulf, latitude of 260 30' and longitude 

490 59'. The climate of Dammam is characterized by the 

occurrence of two distinct seasons, a hot one (summer) and a 

relatively cooler one (winter). According to the data obtained 

from the Meteorology and Environmental Protection 

Administration for the Dammam area, cloud cover is low. 

Seventy percent of the days in an average year are clear; 26% 

partly cloudy and 4% cloudy days. This represents a 

predominance of clear sky throughout most of the year with 

some cloud cover during the winter months. Such clear skies 

are generally deep blue in color with a low average luminance 

[33].  

Estimating the global luminous efficacy was done through 

simultaneous measurement of total illuminance and the 

corresponding irradiance for the period starting from 

September 9, until May 30. The measurements were taken six 

days a week, at an hourly basis starting from 7:00 a.m. until 

4:00 p.m. Based on the collected data (Fig. 1) a polynomial 

regression model was developed using statistical analysis 

based on the least square fit. The best quadratic fit equation 

chosen to represent the global luminous efficacy for the 

Dammam city: 

 
where  

kg = global efficacy 

Salt. = solar altitude 

 
Fig. 1 The curve of ‗Best Fit‘ representing global luminous 

efficacy, as a function of solar altitude 
 

The proposed model was then compared against other 

models (Fig. 2). Such figure shows a good correlation between 

the prposed model and the model proposed by Chroscicki [26]. 

 

 
Fig. 2 A comparison between the proposed model (equation 1) and 

the models prosed by Aydinli and Chroscicki 

 

After estimating the global luminous efficacy, modeling the 

direct and diffuse efficacies could be done through the 

following equation [35]: 

 
where:  

Eg, Ed and Es are the global, diffuse and direct illuminance.  

Eeg, Eed and Ees, the corresponding irradiances. Kg, Kd 
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and Ks, the respective luminous efficacies. D is the cloud ratio, 

equal to Eed/Eeg .  

Littlefair [35] proposed that the diffuse luminous efficacy is 

directly related to how much blue sky can be seen from the 

ground. Thus the following equation was proposed: 

Kd = 144 - 29 C (Im/w)             (6) 

where C is the cloud cover as a fraction 

By the use of equation (6) and by the availability of D, the 

fraction C, the cloud cover and the global illuminance, direct 

and diffuse efficacies could be estimated. 

After estimating the needed luminous efficacies, the 

available solar radiation data for the Dammam area (monthly 

representative global radiation and representative diffuse 

radiation on the horizontal) where used to estimate the 

horizontal global and diffuse illuminance. 

 
Fig. 3 Hourly variation of monthly mean total daylight illuminance 

on a horizontal surface throughout the year 

 

 
Fig. 4 Cumulative frequencies of expected horizontal illuminance 

levels 

IV. CONCLUSION 

In this study, the luminous efficacy was estimated for the 

Damam area in Saudi Arabia. A mathematical model was 

proposed. Such model can be used to estimate global 

illuminance for similar climates.  The proposed model has a 

strong correlation between the model proposed earlier by 

Aydinli [32]. 
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