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ABSTRACT: Demand for daylight has brought more direct sunlight into buildings, which might be welcome or not. Thus, 

understanding its attitude throughout the year in terms of penetration periods, times and distances is essential to 

improve appropriate building openings on the light of the local building regulations. The Egyptian regulations allow 

direct sunlight to reach a maximum of one meter in the south oriented spaces for at least two hours a day in the summer. 

Meanwhile, in the winter, only building upper floors can be penetrated for most of the day for as long as five meters 

distance. The lower floors do not see the sun for four months. Increasing the street width to equal the building height 

leads to a significant increase in the winter sunlight penetration in the lower floors. 
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INTRODUCTION 

The presence of direct sunlight may influence the 

appearance and illuminance quality of a space, either 

negatively or positively, and thus visual comfort. It also 

affects solar gain and thus thermal comfort and 

cooling/heating loads. Long term exposure to solar 

radiation results in damage to room contents such as 

artworks and furnishings. On the other hand exposure to 

moderate levels of sunlight promotes good health through 

the healthy production of vitamin D in the body [1]. 

 

The need for the presence of the direct sunlight in 

buildings is determined by many aspects such as space 

function, user type, climatic region, and solar geometry. 

Therefore, knowing direct sunlight penetration, in terms 

of average penetration periods, penetration times of the 

day, and how far the rays will penetrate through the 

opening, is essential to determine the sun’s effect on the 

building, and determine whether or not shading devices 

are required. Hence sunlight can be utilized for 

supplementary heating and daylight to reduce the use of 

artificial alternatives. 

 

Some studies have assessed daylight penetration in 

terms of the delivered illuminance level using different 

techniques [2]. Others investigated shading devices 

required to protect from direct sunlight [3], and the 

influence of sunlight penetration on the building users or 

illuminance quality has been examined [4]. The current 

study investigates direct sunlight penetration periods, 

times and distance throughout the year regardless how 

much internal illuminance level is achieved. Different 

opening arrangements have been used. The building 

regulations in Egypt and the sun position in Cairo have 

been applied. The influence of the building regulations on 

the sunlight penetration has been examined. 

 

 

DAYLIGHTING IN BUILDING REGULATION 

Achieving the current illumination standard using 

daylight only is impractical since the dynamic nature of 

daylight makes its intensity, colour and duration 

unpredictable [5]. The fact that daylight is unpredictable 

makes it difficult to be mandatory in building regulations, 

though several countries have some recommendations 

based on achieving required illuminance level or daylight 

factor. Other countries mandate minimum window sizes, 

but this is mostly for the purposes of ventilation, 

safeguard occupant health or provide amenity. A third 

type of regulations attempt to guarantee an access for 

sunlight into buildings, usually by stipulating building 

height and their set-backs from property lines [6, 7]. 

 

The daylighting legalization in the Egyptian building 

regulations require at least one opening for each room in 

the residential and office buildings facing the street or an 

uncovered internal court with minimum dimensions  

which increase with the increase of the building height. 

They mandate a minimum window size equal to 8% of 

the room floor area, unless it is a kitchen or bathroom 

where this percentage raises to 10%. The building height 

must not exceed one and half times the street width, with 

a maximum height of 36m [8]. 

 

 

STUDY METHODOLOGY 

Unlike the prediction of illuminance levels, direct 

sunlight penetration periods, times and distances are 

based on constant values of a specific structure in a 
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particular location. However it is the ‘potential’ 

penetration periods that are calculated, not the ‘actual’, 

which would be less due to the occasional cloudy sky 

condition. From here on, wherever ‘penetration period’ is 

mentioned it refers to the ‘potential penetration period’. 

 

Sunlight penetration periods, times and distances are 

subject to change depending on the variation in the 

geographical location, window dimensions, floor height, 

the opposite building (obstacle) distance, opening 

orientation and wall thickness. Due to the large number of 

variables, only the most influential will be investigated 

and typical values of the others will be assumed.  

 

In order to carry out the investigation, in addition to 

the values of the mentioned variables, sun elevation and 

azimuth angles throughout the year have to be obtained. 

Reliable web based applications for calculating sun 

position for any given location are freely available. The 

application that provided by NREL's Measurement & 

Instrumentation Data Centre has been used in this work to 

obtain the elevation and azimuth angles every 10 minutes 

over the whole year [9].  The minimum and maximum 

sun elevation and azimuth angles that allow direct 

sunlight to enter the building have been geometrically 

determined. Knowing the daily time of the minimum and 

maximum angles enables the calculation of the daily 

penetration period, times and distance; regardless the 

internal illuminance levels or the light spots area. 

 

Charts and curves of the monthly average penetration 

periods, times, and the maximum horizontal penetration 

distance over the year have been produced for specific 

configuration based on the Egyptian building regulations. 

In order to validate the study, random measurements have 

been done to test the geometrical and numerical 

assessments.   

 

 

SUNLIGHT PENETRATION CALCULATIONS 

Study parameters 

The seasonal positions of the sun are universally known 

in general terms, but this is insufficient to determine the 

sun’s effect on a specific building in a particular location. 

To know how far the direct sunlight will penetrate 

through the opening; and what time and for how long 

direct sunlight can be utilized or have to be blocked; we 

must have the following information: 

- Geographical location 

- Window (opening) orientation 

- Window sill and lintel height (from the floor level). 

- Window height (from the street level) 

- Widow wall thickness 

- Shading device availability and characteristics 

- The distance from the opposite building (obstacle) 

In order to minimize these variables, a case study in 

Egypt has been investigated on the light of the local 

building regulations. The case study is located in Cairo, 

(30° 03’ N, 31° 14’ E). The investigation has been carried 

out in a room with a south oriented window, where it 

potentially allows the penetration of direct sunlight for up 

to 78.4% of daytime around the year. A common window 

size in Egypt has been used in the study with assumed 

dimensions of 1.2m-wide, 2.2m for lintel height, and 

0.4m and 1.0m alternately for sill heights (See Fig. 1). 

The opening depth (i.e. wall thickness) was assumed 

0.3m, which is the common thickness for a plaster finish 

external wall using the standard local bricks. According 

to these assumptions; direct sunlight can potentially enter 

the room for around 63% of daytime around the year. No 

shading devices are used. The building height (H) is 36m, 

which is one and half the street width (D), according to 

the Egyptian building regulations [8] (See Fig. 1). 

Accordingly, the opposite building was assumed 24m 

away with similar height to that of the investigated 

building. For the comparison purpose, investigations have 

been carried out assuming building height equal to the 

street width, and double the street width. 

 

Solar data 

Cairo is located in the arid climate region. The standard 

time zone is UTC/GMT +2 hours; with no daylight 

saving time in 2012. The earliest sunrise time is 4:53 in 

June, and the latest is 6:52 in January. The earliest sunset 

 

 
Figure 1: Section illustrates the maximum exposed area to 

sunlight (up), Plan shows the wall thickness influence (down). 
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time is 16:55 in December, and the latest is 19:00 in June. 

The shortest sunshine duration is 10h 13m, and the 

longest is 14h 05m. The highest sun elevation angle is 

83.4° degree at 11:00 o’clock on the twenty first of June. 

The azimuth angle extends for 234.1° degrees; starting 

from 62.7° to 296.8°.  
 
 

RESULTS 

Penetration periods 

The penetration periods have been calculated throughout 

the year for a typical room in the ground, second, fifth, 

eighth, and eleventh (last) floors. The monthly averages 

of the daily penetration periods are as presented in Figure 

2; for a 36m-height building and has a 0.4m-height 

window sill. The penetration periods in the winter are 

considerably more than the summer in the upper floors. In 

December, January and February the average penetration 

periods are around 10 hours, whilst in June it is about 2 

hours. In the lower and middle floors, where the opposite 

building blocks more direct sunlight, the peak periods are 

almost in April and August. No direct sunlight 

penetration in the lower floors in the winter. The yearly 

averages of the daily penetration periods in the ground, 

second, fifth, eighth, and eleventh floors, and the 

penetration periods percentages of the sunshine duration 

for the mentioned floors are given in table 1. It can be 

seen that changing the sill height from 0.4m to 1.0m 

resulted in a typical reduction in the yearly average of the 

daily penetration periods of around 15 minutes only, and 

some 2% reduction in the penetration period percentages 

of the sunshine duration. However, more significant 

influence is expected on the light spot area. 
 

Penetration times 

The penetration times have been calculated throughout 

the year for the same room with 0.4m sill height in the 

ground, and upper floors. As illustrated in Fig. 3, in the 

ground floor it is found that no direct sunlight can go 

through into the room in the winter, which completely 

agree with the penetration period results, which is equal 

to zero over the same season in the ground floor. The 

direct sunlight can be seen in the room between 9:40 and 

10:20 from March to September, and last until sometime 

between 13:30 and 14:20. In October, a short penetration 

time can be observed from 11:00 to 12:30.  

 

In the upper floor, direct sunlight can go through into 

the room for almost the entire day in the winter, and 

move gradually towards the afternoon hours until reach 

the shortest period in June, where the penetration time is 

similar to that in the ground floor; between 10:20 and 

13:30 but not continuously. The reason is that the sun 

elevation in the summer reaches a maximum of 83.4° 

degree, but since the maximum degree that allow for 

direct sunlight penetration is 80.5° degree, the direct 

sunlight in mid-afternoon, approximately between 11:20 

and 12:30, cannot enter the room.  

 

 Penetration distance 

The maximum horizontal penetration distances have been 

measured on the floor and work plane levels for all 

building stories (Fig. 4). The penetration distances 

increase gently from the ground floor to the ninth. Then a 

rapid increase occurs in the last two floors, where a sun 

elevation angle below 9° degrees has the potential to send 

Table 1: Direct sunlight penetration averages and percentages 

 

Sill 

height 

Floor No. 

G 2
nd

 5
th

 8
th

 11
th
 

Yearly Ave. 

of the daily 

penetration 

period (h) 

0.4 m 1:55 2:25 3:46 5:53 7:23 

1.0 m 1:39 2:09 3:30 5:38 7:08 

Penetration 

period % of 

sunshine 

duration 

0.4 m 16% 20% 31% 49% 61% 

1.0 m 14% 18% 29% 46% 59% 

       

 
Figure 2: Monthly averages of daily penetration time 
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direct sunlight deeply in the space to strike a more-than-

13m-away rear room wall; in the very early morning and 

the very late afternoon. It has to be considered that when 

the sun elevation angle is less than 20° degrees, the 

azimuth angles are either less than 135° or more than 

225° degrees, which means that the direct sunlight are 

more likely to strike the side walls not the rear ones. 

 
The maximum penetration distances in all building 

stories throughout the year in the first case are presented 

in Fig. 5. The azimuth angles are ranged between 135° 

and 225° degrees that produces penetration to the depth 

of the space equal to or greater than that towards the side 

walls. Insignificant distances occur in May, June and 

July, and similar distances in all floors occur in April and 

August. The maximum distance occurs in December, 

which is about 5.52m in the upper three floors.  
 

Validation measurements 

Measurements have been made in a room with south 

oriented window in the last floor in a 30m-high building 

in Cairo. A similar height building stands about 20m 

across the street. The window height is 2.13m, the sill 

height is 0.46m, the window width is 1.40m, and the wall 

thickness is 0.34m. Thirteen random measurements have 

been taken in March and April. A comparison between 

the measured and calculated distances showed a good 

agreement as illustrated in Fig. 6.  
 
 

COMPARISON CASES 

Changes in some variables have been made to assess their 

influences on the penetration periods, times and 

distances. The window sill height changing effect has 

been presented in table 1. The influences of changing the 

window width and wall thickness have been presented in 

Table 2. It can be seen that changing the window width 

has a relatively small impact on the probable penetration 

period percentage of the daytime, whilst more impact can 

be gained from changing the opening depth. Stone 

cladding or double wall (i.e. walls with cavity insulation) 

could increase the opening depth to around 0.38m, whilst 

reducing the depth is unlikely to happen unless a half 

brick thick wall are used externally. 
 

Changing the ratio between building height and street 

width influences the penetration periods, times and 

distances. A big influence can be seen in the lower floors; 

meanwhile an insignificant influence occurs in the last 

floor. Calculations have been made assuming street width 

equal to the building height one time (H=D, from hereon 

will be called the second case), and half the building 

height another time (H=2D, from hereon will be called 

the third case). In the second case, in contrast to the other 

two cases, direct sunlight have the potential to penetrate 

 
Figure 3: Penetration times in the ground and upper floor. 

 

 
Figure 4: Maximum penetration distances on the floor and 

workplane levels. 

 

 
Figure 5: Maximum penetration distances on the floor level 

when the azimuth angle is ranged between 135° and 225°. 
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into the lower floors most of the winter months, whilst in 

the third case almost no direct sunlight can enter the 

rooms in the lower floors for about half the year. A 

comparison between the three cases has been presented in 

Fig. 7 that shows the similarity in the upper floors and the 

big difference in the lower floors. The penetration period 

percentage in the ground floor was raised from 11% in 

the third case to 25% in the second, then doubled from 

22% to 44% in the fifth floor, and finally kept at the same 

level in the last floor. 

 

No changes in the penetration times in the last floor. 

In the ground floor, earlier penetration time is noticed in 

the second case than the first case, and later time is found 

in the third case. The penetration time starts from 9:00 in 

the former and from 10:00 in the later instead of 9:40 in 

the first case.  Direct sunlight penetration lasts until 15:00 

in the second case, and until 13:50 in the third; instead of 

14:20 in the first case (see Fig. 8). 

 

The maximum horizontal penetration distance curves 

in the second and third case have a similar attitude to that 

of the first case. The distance increases gently and then 

rapidly increases in the last two floors. In the second case, 

direct sunlight can reach double the distance that can be 

reached in the third case (see Fig. 9). 

 

A fourth case was assumed with 18m building height 

and 12m street width, which keep building height to street 

width ratio of the first case. This results in insignificant 

changes in terms of the penetration period. Only 1% 

increase in the penetration period percentage has been 

resulted in the ground floor, and a reduction of 1% 

occurred in the fifth (last) floor; with a very close 

distribution of the penetration period over the year. 

Accordingly, the penetration times in the fourth case are 

very close to that of the first case; only few minutes 

differences. The maximum penetration distances are 

around 10% more than those of the first case. 

 

 

DISCUSSION 

The calculated penetration periods and times extend from 

the time the first sunray, with a minimal light spot area, 

enters the room; until the last sunray withdraws from the 

room. In the very early and very late penetration times the 

provided daylight might be insufficient in terms of 

illuminance level, but it has the potential to affect the 

light quality and visual appearance. 

 

Due to the low elevation angles of the sun in the 

winter, direct sunlight has the potential to enter the space 

for almost the entire day in the upper floors, whilst in the 

lower floors it might be completely blocked by the 

Table 2: The influence of changing the window width and 

wall thickness on the penetration percentages 

 

Window width 

(cm) 

Wall thickness (cm) 

38 30 15 

120 59% 63% 70% 

150 63% 66% 72% 

180 65% 67% 73% 

 

 
Figure 6: The relationship between calculated and measured 

distances. 

 

 
Figure 7: Comparison between the penetration periods of the 

three cases. 

 
Figure 8: The earliest and latest penetration times in the three 

cases. 
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opposite buildings (Fig. 10). Increasing the street width to 

equal the building height helps to provide more direct 

sunlight in the lower floors, but still might be blocked in 

the ground floor in January and December. Changing the 

building height and street width proportionally leads to 

very close results.  

 

On the other hand, throughout June and July, the high 

elevation angles enable direct sunlight to reach all 

building stories with no changes in the penetration 

periods or times (Fig. 10). The former are as low as one 

seventh of the sunshine duration in June, and the later are 

limited between 10:20 and 13:30. This is due to the long 

summer days, where the sun shine and set azimuth angles 

are 63° and 297° respectively. That means only some 

20% of the azimuth angles fall in the horizontal angle 

penetration range. This percentage, in turn, falls in the 

mid-day. Vertically, the very high summer elevation 

angles, above 80.5°, fall out of the vertical penetration 

range on the mid-afternoon. Changing the street width in 

the second and third cases did not result in any changes in 

the penetration periods or times in all stories. 

 

The maximum penetration distances occur on the 

winter early mornings and late afternoons when the 

elevation angles are very low and south angled; as long as 

there are no obstructions, which is more likely to happen 

in the upper floors. However, because of the azimuth 

angles in these times of the day, the direct sunlight is 

angled towards the side walls rather than the depth of the 

space when the window is south oriented. In the lower 

four floors, although the direct sunlight has the potential 

to reach up to two meters in the space, it is completely 

blocked in the winter. Meanwhile it might reach more 

than five meters in the upper four floors. In the summer, 

when the direct sunlight has the potential to penetrate the 

space, it would be too high to be blocked by the opposite 

buildings, and thus it would reach up to one meter in all 

building stories. The probable one meter penetration 

distance in the summer and the five meters in winter 

make it possible to use shading devices to protect from 

the summer sunrays without a complete block of the 

winter sunrays.  

 
 

CONCLUSION  

Demand for interior spaces flooded with natural light has 

brought more light into buildings, and in many case 

energy savings due to reduced electric lighting usage, but 

on the other hand has made interior fabrics and finishes 

more fragile, and might cause heating gains or visual 

problems. Whether or not direct sunlight is welcome in 

the space, understanding its attitude throughout the year 

in terms of penetration periods, times and distances helps 

architects to improve appropriate building openings, and 

helps decision makers to evaluate building regulations 

influences on the provision of direct sunlight in buildings.  

 

Existing regulations allow direct sunlight to enter 

south oriented spaces for at least two hours a day on the 

summer afternoons; regardless the floor height, but for 

distance of no more than one meter from the window. 

Meanwhile, in the winter, only the upper floors can be 

penetrated for most of the day for as long as five meters 

distance from the window. The lower floors do not see 

the sun for four months; increases to six if the building 

height is raised to double the street width, which is likely 

to happen between buildings side facades. Increasing the 

street width, to equal the building height, results in 

increasing the penetration periods in the lower floors one 

and half times and more direct sunlight in the winter. It 

also allows direct sunlight to enter the space some 30 

minutes earlier, and leave it some 40 minutes later. The 

penetration distances as well are expanded more than one 

and half times.  
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