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ABSTRACT

Day lightingisauseful and effective sour ce of ener gy savingsand visual comfortsin buildings. Occupants
expect good daylight in their living spacesfor better living environment. Thequality and quantity of
natural light enteringin toabuilding depend on both inter nal and exter nal factors. Daylight strategies
basically depend on theaccessibility of natural light that isdeter mined by thelatitude of thebuildingsite
and the conditionssurrounding thebuilding. Daylight provideslighting ener gy and ener gy demand
reduction during peak utility hours. Bringing daylight into abuilding that displaceselectriclighting
and providessufficient illumination isthegreenest way tolight abuilding presently. Thisresear ch, aims
at analyzingthedaylight intensity in residential buildingsin Cantonment CottagesM ultan whichisone
of thehottest and progressecity of Pakistan. Theintensity of daylight can beexpressed in theter msof
luminanceand daylight factor. In thisresearch, the5and 7 marlahousesin Cantt Cottagesin Multan
wer e selected. The device lux meter was used for measuring intensity with which the brightness
appearsto the human eye. The readings wer e taken by placing Lux Meter at the center and near
windowsin each building component at 2-4 pm. I nor derto evaluatethedaylight intensity, themeasured
luminance in each component of building is compared with the standard illuminance as per
recommendation of CIBSE (Chartered I nstitute of Building Service Engineers). After investigation, it
hasbeen found that daylight factor ismuch higher than thestandard valuesin east and west oriented
building componentswher easthebuilding componentsoriented in north and south, theday light factor
islittlehigher than standar d valuesasper recommended by CIBSE. Thedesign parametersincluding
building orientation, glazing ar ea, room sizetowindow openingratio etc. isnot appropriatewith respect
tosustainabledesign.

KeyWords: Daylight Intensity, Lux M eter, Day Light Factor, Standard L uminance, Chartered I nstitute
of Building Service Engineer s, Cantonment CottagesM ultan.

1. INTRODUCTION

istorically, the daylight was only considered spaces and openingsto distribute sufficient daylight into
as the prime source of light in buildings. thebuilding. Moreover, the designers conceived theideas
Primitive architecturesimplied the use of wide of providing fully glazed facades. During 19" Century,
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the electrical energy was provided as supplementary
source of light. After which, the daylight had become out
of fashion dueto the availability of economical electricity.
But the depletion of energy resources and the
environmental effects led the designer to reuse day-
lighting strategies in buildings in-order-to minimize the
energy usefor lighting and air conditioning and electrical
fixtures[1-2].

Day lighting iscontrolled entrance of natural light (direct
sunlight and diffuse skylight) into the buildings for the
reduction of electric lights and energy saving. Day-
lighting creates visually productive environment for
building users by minimizing about one-third of total
building energy costs. A day-lighting system typically
consists of skylights windows, and daylight control
system.

The basic cause for using daylight is to fulfill the
illumination requirements of an architectural design and
maximum possible energy saving. Good day lighting
design improves the overal feelings, satisfaction, and
comfort level of building users. Different research studies
show that proper day lighting designin different building
types and functions increase worker productivity and
reduce absenteeism in office buildings, improve student
educational performancein schools, and improve patient
recovery times in hospitals. Daylight also improves
common health of building inmates. In short, introducing
controlled daylight into buildings improve its overall
energy efficiency.

Inthisresearch, theresidential buildings of Cantt Cottages
(Housing Society) wereinvestigated to to either daylight
entering to the designated houses is sufficient or not.
For this purpose, the luminance and daylight factor of 5
and 7 Marla houses were find out and compared with
standard luminance levels of as per recommendations of
CIBSE

2. LITERATURE REVIEW

With the passage of time, more attention is being taken
towards the study of natural lighting in buildings. Much
research has been carried out for the last few decades.
The availability of natural light varies across the world,
which is determined by the latitude of the building
locations and the conditions immediately surrounding
the proposed building, e.g., the presence of obstructions
[2-3]. The entrance of daylight in buildings decreasesthe
cost of energy up-to many extents. It has been analyzed
by Capeluto [5] that in awell-designed building, daylight
reduces energy costs, improves visual quality, and
provides psychological benefits that are very tough and
expensiveto producewith electrical lighting [3]. Not only
the cost but daylight al so have positive impacts on human
health. According to Youssef [6] insufficient daylight may
cause many serious diseases like general weakness, the
feeling of exhausting, and hypoxia, nephrology diseases,
cardiac muscle weakness etc. [4]. Moreover, Rea [7]
concluded many points regarding health of human being
and light, one of them is natural light has a direct impact
on cortical brain activity [5]. Natural light isanimportant
aspect of green building design. Thejustification for what
constitutes “good” vs “bad” daylight design in green
building is measured via the Daylight factor [8]. The
daylight factor describesthe variation internal horizontal
illuminance to the external horizontal illuminance of a
building component.

3. METHODOLOGY

Relevant literature on standard procedure for analysis of
daylighting in buildings was reviewed from different
books, codes, standards, and relevant research
publications. The Cottages (Multan) was taken as case
study and itslayout planisshown Fig. 1, asthe of Multan
is one of the hottest cityof Pakistan where the daylight
perception is comparatively higher. Since Multan is a
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progressive, devel oping and popul ated city where number
of societies are being developed, therefore, it was
necessary to carry out thorough investigation of daylight
intensity inresidential buildingsin Multan and that could
is a step foot toward green building design for the
sustainable architectural design .

Digital thermometers were used to measure the
temperature of all componentsof building (ineach 5 and
7 Marlahouse). All the temperatures were measured by
placing digital thermometer at the center of each building
component and then tabulated all the readings for both 5
and 7 the houses.

The Lux meter was used for measuring brightness and
intensity with which the brightness appearsto the human
eye. Thereadingswere taken by placing the Lux meter at
the center and near windowsin both building component
at 2-4 pm. The readings were calculated for each
component in 5 and 7 Marla houses and all the results
were tabul ated.

Daylight factor for each building component was
calculated by thefollowing formula:

5
DF = E, x100 Q)

I 10 Marta
B 7 Mana
I 5 Marta

Park

WhereE is lilluminance dueto day lighting at apoint on
the indoors working plane, E_ is simultaneous out door
illuminance on a horizontal plane from an unobstructed
hemisphere of overcast sky:

DF=0.1xP @

Where DF is Day light factor, Pis Percentage of glazing
to floor area.

4. RESULTS AND DISCUSSION

Completedataincluding the DF and glazing to floor areas

was obtained for the analysis.

41 Measurement of Temperature and
Luminance and Comparison with

Standard Values

The reading thus taken from thermometer and daylight
intensity for above designated case study for 5 and 7
Marlahousefor each floor istabulated in Tables 1-2 and
corresponding detailed plans are shown in Figs. 2-3
respectively.

After obtaining the data of temberaturesand lux meter for
each building component of above designated houses,

FIG. 1. LAYOUTPLAN OF CANTT COTTAGES
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the lux meter readings were compared with the standard

luminance. The standard luminance values were obtained

from CIBSE Codefor Lighting Part-2[9]. Thiscomparison
has been shown in Tables 3-4.

TABLE 1. MEASURED TEMPERATURE AND DAYLIGHTINTENSITY FOR SELECTEDCASE STUDY 5 MARLA HOUSE

Instrumental Readings

No. Building Component Orientation Digital Thermometer Lux Meter Time
At Center (E) At Center (E) Near Window (Eo)
Ground Floor

1 Bed East 31.7°C 985 2720

2. Bath East 31.6°C 210 2720

3. Lounge + Dining East 31.6°C 705 1650

2-4 pm

4. Kitchen West 31.7°C 580 1550

5. Bed West 31.6°C 750 2100

6. Bath-West 31.50C 700 1600 -

First Floor

1 Bed East 32.8°C 670 3120

2. Bath East 32.6°C 660 3100

3. Veranda East 32.9°C 259 2590

4. Lounge North 31.7°C 590 1700

2-4 pm

5. Store South 32.4°C 150 No window

6. Bed West 32.6°C 750 1500

7. Bed West 32.6°C 750 1500

8. Bath West 31.6°C 165 1450

TABLE 2. MEASURED TEMPERATURE AND DAYLIGHT INTENSITY FOR SELECTED CASE STUDY 7 MARLA HOUSE

Instrumental Readings

No. Building Component Orientation Digital Thermometer Lux Meter Time
At Center (E) At Center (E) Near Window (Eo)
Ground Floor
1 Bed South 31.2°C 894 1860
2. Bath East 30.9°C 160 1510
3. Lounge Dining South 31.6°C 670 2730
4. Kitchen East 31.9°C 590 1550 2-4 pm
5. Drawing West 33.7°C 348 2730
6. Lobby West 31.8°C 420 2700
7. PWD South 33.6°C 230 1490
First Floor
1 Bed West 33.90C 670 2790
2. Bath South 33.60C 250 1490
3. Bed South 32.10C 670 2730
4. Bed South 31.20C 894 1860 2-4 pm
5. Store North 31.00C 144 No window
6. Bath East 30.90C 160 1510
7. Bath East 31.90C 590 1550
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TABLE 3. COMPARISON OF MEASURED LUX METER READINGS WITH STANDARD LUX METER READINGS

FOR 5 MARLA HOUSE

Measured Lux
No. Building Component Orientation Glazing Area Meter Readings Standard. Lux
At Certre (E) Meter Readings [4]
Ground Floor
1 Bed East 985 300-400
2. Bath East 45 210 250-300
3. Lounge+ Dinning East 54 705 300-500
4. Kitchen West 9 580 500
5. Bed West 48 750 300-400
6. Bath West 9 700 250-300
First Floor
1 Bed East 48 670 300-400
2. Bath East 45 660 250-300
3. Veranda East No Window 259 500
4. Lounge North 30 590 300-500
5. Store South No Window 150 100
6. Bed West 48 750 300-400
7. Bed West 48 750 300-400
8. Bath West 9 165 250-300

TABLE 4. COMPARISON OF MEASURED LUX METER READINGS WITH STANDARD LUX METER READINGS

FOR 7 MARLA HOUSE

Measured Lux
No. Building Component Orientation Glazing Area Meter Readings Standard.Lux
At Certre () Meter Readings [4]
Ground Floor
1 Bed South 36 894 300-400
2. Bath East 9 160 250-300
3. Lounge+ Dinning South 48 670 300-500
4. Kitchen East 36 590 500
5. Drawing West 54 348 300-400
6. Lobby West 20 420 300
First Floor
1 Bed West 54 670 300-400
2. Bath South 9 250 250-300
3. Bed South 48 670 300-400
4. Bed South 36 894 300-400
5. Store North No Window 144 100
6. Bath East 9 160 250-300
7. Bath East 6 590 250-300
8. Bed West 54 670 300-400
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Following conclusions can be drawn from the above
results as mentioned bel ow:

Measured internal daylight intensity by Lux
Meter for some building componentsis higher
than standard values of daylight intensity
because of larger sizes of window openings as
compared to total floor areas of different
building components. So, solar shades and fiber
blinds should be used on all these window
openings.

In some of the components measured internal
daylight intensity by Lux Meter islower than
standard values of daylight intensity because
of smaller sizes of window openings as
compared to total floor areas so ratio of window
to floor area should be appropriate in these

4.2

Measured internal Daylight intensity by L ux
Meter for some building components is in
the range as according to the standard values
of daylight intensity so their architectural
design is appropriate and according to the
standards.

[lluminancevariesdirectly with the glazing area.
Higher the glazing area higher will be
illuminance.

Calculation of Daylight Factor and
Comparison with Standard Valuefor 5
and 7MarlaHouses

The daylight factor for each component of designated
houseswere calculated by using Equation (2). Theresults
thus obtained are tabulated in Tables 5-6 whereas the
comparison with standard value is shown in Tables 7-8

components.

respectively.

TABLE 5. CALCULATION OF DAYLIGHT FACTOR (FROM PERCENTAGE GLAZING AREA TO FLOOR AREA)
FOR 5 MARLA HOUSE

Area (Sq. Ft.) P (Percentage
No. Building Component Orientation Glazing Area to DF = 0.1xP
Glazing Area Floor Area Floor Area)
Ground Floor
1. Bed East 48 136.25 35.23 35
2. Bath East 4.5 61.25 7.35 0.7
3. Lounge + Dinning East 54 258 29.93 3.0
4. Kitchen West 9 7 11.69 12
5. Bed West 48 129.25 37.14 3.7
6. Bath West 9 435 20.69 21
First Floor
1 Bed East 48 134.75 35.62 3.6
2. Bath East 45 435 10.34 10
3. Lounge North 30 192 15.63 16
4. Bed West 48 129.25 37.14 3.7
5. Bed West 48 101.75 47.17 47
6. Bath West 9 425 21.18 21
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TABLE 6. CALCULATION OF DAYLIGHT FACTOR (FROM PERCENTAGE GLAZING AREA TO FLOOR AREA)
FOR 7 MARLA HOUSE

Area (Sq. Ft)) P (Percentage
No. Building Component Orientation Glazing Area to DF = 0.1xP
Glazing Area Floor Area Floor Area)
Ground Floor
1. Bed South 36 178 20.22 20
2. Bath East 9 44 20.45 2.0
3. Lounge + Dinning South 48 324 14.81 15
4. Kitchen East 36 102 35.29 35
5. Drawing West 54 255 21.18 21
6. Lobby West 20 33 60.60 6.1
7. PWD South 45 27 16.67 17
First Floor
1. Bed West 54 255 21.18 21
2. Bath South 9 65.25 13.79 14
3. Bed South 48 148.5 32.32 32
4. Bed South 36 178.5 20.17 2.0
5. Bath East 9 44 20.45 20
6. Bath East 6 20.25 29.63 3.0
TABLE 7. COMPARISON BETWEEN CALCULATED DF AND STANDARD DF FOR 5 MARLA HOUSE
P (Percentage
No. Building Component Orientation Glazing Area to DF = 0.1xP Standard DF
Floor Area)
Ground Floor
1 Bed East 35.23 35 0.5
2. Bath East 7.35 0.7 15
3. Lounge + Dinning East 29.93 3.0 1.0
4. Kitchen West 11.69 12 20
5. Bed West 37.14 37 0.5
6. Bath West 20.69 21 15
First Floor
1 Bed East 35.62 3.6 0.5
2. Bath East 10.34 1.0 15
3. Lounge North 15.63 16 1.0
4. Bed West 37.14 3.7 0.5
5. Bed West 47.17 47 0.5
6. Bath West 21.18 21 15
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4.3  Graphical Representation

Following is the graphical representation of
comparison of calculated daylight factor with standard
daylight factor values given in Figs. 4-7 for 5 and 7

marla houses.

The following points can be concluded from the

Figs. 4-7 as:

@ Daylight factor isdirectly related to P (Percentage

glazing tofloor area).

(b)

©

The daylight factor for different building
componentsis higher than standard val ues of
daylight factor. It is because of the larger
glazing areas as compared to total floor areas.
In very few of the above cases calculated
daylight factor for some of the building
components is lower than standard values of
daylight factor.

For better architectural daylight design, P
(Percentage glazing to floor area) should be
according to the architectural lighting
standards.

TABLE 8. COMPARISON BETWEEN CALCULATED DF AND STANDARD DF FOR 7 MARLA HOUSE

P (Percentage
No. Building Component Orientation Glazing Area to DF = 0.1xP Standard DF

Floor Area)

Ground Floor
1 Bed South 20.22 2.0 0.5
2. Bath East 20.45 20 15
3. Lounge + Dinning South 14.81 15 10
4. Kitchen East 35.29 35 20
5. Drawing West 21.18 21 1.0
6. Lobby West 60.60 6.1 20
7. PWD South 16.67 17 15
First Floor

1 Bed West 21.18 21 0.5
2. Bath South 13.79 14 15
3. Bed South 32.32 32 0.5
4, Bed South 20.17 20 0.5
5. Bath East 20.45 20 15
6. Bath East 29.63 3.0 15
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5. CONCLUSIONS

The following conclusions can be drawn from the

analyzed results.

0] Theoverall architectural designfor both5and 7
marlahouseis melfunctioning regarding buidling
orientation, glazing area, room size to window
etc. This is because, most of the building

components are receiving relatively higher
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FIG. 7. COMPARISON BETWEEN DAYLIGHT FACTOR AND
STANDARD DAYLIGHT FACTOR FOR FIRST FLOOR OF
SEVEN MARLA HOUSE

daylight factor and daylight intensity which is
not compatibleto CIBSE standards.

(i) Both 5 and 7 marlahouses are energy deficient.
Thehigher illuminancelevel and daylight factor
in building components will contribute more
cooling cost during summer.

(iii) The daylight intensity and daylight factor can
be reduced to meet the standards of CIBSE by
either reducing the opening size or by reducing
theglazing area.
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(iv) The daylight intensity and daylight factor in
most building components oriented in east-west
direction is higher than building components
oriented in north south direction. Keeping it in
mind, the main living components (Bed rooms
and lounge) of 5 marla house are oriented in
east-west direction. Therefore, the daylight
intensity and daylight factor is much higher and
ultimately will result more energy consumption

for cooling.

6. RECOMMENDATIONS

Since the energy resources are depleting day-by-day,
therefore, it is need of the hour to make a thorough
research in this area. The present study does not fulfill
detailed aspects of day lighting in buildings, however,
further aspects can be investigated as:

0] Entrance of sufficient daylight into building can
reduce the cost of energy, thus, proper design
inthisregard makesthe building energy efficient.
A further study can be performed onrelationship
between daylight entrance and corresponding
energy saving.

(i) Entrance of daylight certainly depends upon the
orientation of different components of buildings.
A thorough study can be made in this regard.
(iii) This study will help architects or building
designers to locate or orientate major building
unitslike bedroomsand living hallsin aposition
where there would be more penetration of
daylight, which results in minimizing the
€lectricity consumption.
(iv) Aswe know insufficient daylight into building
can seriously affect the health and working
efficiency of working personnel. Thisstudy can

be further done particularly in libraries,
classrooms, and offices.

(V) Existence of moisture and insufficient daylight
is a favorable place for breeding of anaerobic
bacteriawhich createsodor. Therefore, the study
in thisregard would be very valuable.
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