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DAYLIGHTING ON THE BUILDING

(Case Smdy: Administration Building, Politeknik Negen Lhokscumawe

Muhammad Igbal
Prodi Teknik Arsitektur, Fakultas Tekmk, Universitas Malikussaleh

Abstrak

Bungunan merupakan salah satw pengeung energi yang cukup hesar dalam rangha meningkotean fungsi
dan kualiras serta Mineria penpcuna banguran. Wuind penpeunaan encrgl dalam bangunan terinfegrasi
dalam sistem penghawuaan, sistem pencohayaan, sisiem transportast vertikal dun sistem pelavanan
linniya dalom upaya optimalisasi fungsi bangunan arink kenyamanan dan kemudahan pengruna dolam
beraktifitas. Ditinjau dari sisi sistem pencahayaan delum bongunan uniuk memberikan pemerangan juga
bamyak menggunakan energl baik siang horl mawpan malam hari, Pada kae ind, sistem pencahayvaon
untwk penghematan energi dapat dilahukan dengan teknalogi " Daylighting” terntama pada siang hart
Konsep dasar daplighting memanfaatkan energi suryi sehagni pensrangan alami  dalom upayva
penghemalan penggunodn eadegl peserangon pado siang hart dengan memaniaatkan energl matahari
sehagai sumber penerangon, Wiiud implementesi Davlighting dapat dilakukan dengan perancangan
sisten bukaan bangunan dan meninjou proporsional antera dinding dan bukoan pada setiop sisi dinding.
Analisis difakukan dengan meninfau doviight facior dan component daylizht dengan memasukkan Sky
component (SC), External Reflective Cumpurnent (ERC) dan menghasttkan Interral reflective component
(IRC). Hasilnva menunjukkar semakin bespr bukaan peda dinding yang merupakan abjek kajian maka
solar koefisien nyu semakiyt besar dan serapan penerangan alami pada siang hart fuga semakin besar.

Kata kunci: Davlighting, Technology, Encrgy, Performance, Building

I. INTRODUCTION working illumination will depend upon
daylight and how much upon artificial
The lighting of the building must lighting will have a decisive effect upon
clearly define to meet the social and the layout and planmng of the building
phyvsical requirement of the users. It as 4 whole.
must be firmness and the technology Base on the reference, there are the
must be sound. Perhaps most of all the following lactors have a positive impact
lighting must evoke delight and plays on the reduction of energy
its role inducing the desired emotions consumption, there are sensible control
and creating an appropriate of lighting, use of daylight, use of
characteristic of the building. All parts presence detectors, mtelligent
of a well-made building contribute to consideration of hours of use, energy-
the whole, and the designer of one cfficient lamps, need-based use of
element-especially an all pervasive one luminaries and lighting solutions.
such as lighting-should appreciate the specified for the respective application
way it interacts with others. In a large and  constant lighting control
building, the extent to which the general (maintenance control). In relation with
47



the topic is encrgy efficient lighting
service, we will analyze to use of
natural light, or daylight. The topics are
of the building,

1. DAYLIGHTING
TECHNOLOGIES

Technologics can be defined as the
10ols that human use to shape the builtl
environment and  subsequently o
modify the natural environment. Peter
MeCleary, professor of architecture at
the University of Pennyslvania,
describes  recent  shifts  m our
perceptions of technology: "... a new
concept of technology has arisen, one
that does not limit itsell to building
muterials and processes. but defines
technology more  broadly as the
understanding (skills and knowledge) of
the dialectical relationship  between
humans and their environments (natural
and built) in the production of a new
superimposed built environment.

Peter McCleary brings in an
important element of technology in term
of rclationship between human beings
and environment. Our  values and
choose of using technology will
determine the characteristic of what
McCleary  characterizes  as  “new
superimposed built environment™.

Day lighting technologies are
generally means to modifying, fltering,
or even controlling nawral forces. We
always use the term of control in
discussion of day lighting design, as
though light is a force that needs to be
restrained, tamed and regulated. Most of
the term suggest to dominance over the
natural forces. From an ecological
perspective, the term control might

48
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focusing on how the day lighung can
affcet the lighting

accurately refer to ways of moditying,
altering or shapmg daylight.

Rescarch on the environment and
human benefits of day lighting, shown
that it is common to find electric light
as the predominant  means  of
tllumination  in  buildings.  The
technology needs to be there but 1
should coordinated with the day hghiing
design so it can be shut off during the
dav,

Daylighting technologies can be
use to extent into the environment, (0
respond to the natural forces and 1o
increase (e awarcness of ecologeal
phenomena and the laws of the nature.
While using the davlighting
technologics is to reduce the energy,
resource consumption and environment
impact,

I1I. DAYLIGHT BASIC

Daylight is one of factor tfor
efficiency of electric consumplion on
the building, although can only use in a
day from the moming uniil afiernoon
(working hours). with consider the
season al the same time. Therefore, 1o
maximize of dayvlight on the building
should he analyze of average of weather
especially and season in  generally.
because of the sourcc daylight are
sunlight.

One measure of the efficiency of a
light source is the ratio of the amount of
light energy put out by the source for
every wall of electric power consumed.
This ratio, known as the efficacy of the

e
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source,  provides a  useful
comparison ol characteristic of daylight
is its variability. The amount of daylight
and its direction at the window or rool
ditferent sources
of light, When sunlight enters the space
through a window or skylight. it brings
not only light energy (whether direct or
indireet, but preferably indirect ght in
building), but also heat energy. Figure
I, desenbe of relative efficacy of light
sources (ratio ol number of lumens of
light encrgy per watt of power or rate of
heat cnergy supplied).

These rauo numbers lead to the
conclusion that if properly and carefully
designed, day lighting techniques can
both reduce cleetric energy demand for
lighting as well as minimize loads on
the cooling equipment due to lighting.
Since sunlight is an intense source and
has a substantial amount of heat
content, day lighting design must be
camed out with great carc. Well-
designed day lighting should be a
design objective for any building
project because of the obvious benefits.

Thirlaghy 1745 i
Figurel. Per Square Foot of Horizontal
Surface
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of a building vary during a typical day
as the sun moves.

IV. PHYSICAL
CHARACTERISTICS OF
DAYLIGHT

Day lighting design bepins with
an understanding of the physical
characteristics of daylight. Controlling
it and tailoring it for use in a building
requires some knowledge of this energy
media that is entering the building., The
fact that sunlight 15 so intensc means
that the sheer amount of daylight must
be carcfully limited and manipulated to
avoid glare or heat gan problems.

The first requirement for building
lighting is 1o provide enough light to
accomplish a wvisual task such as
reading. For daylight, this means tuning
the aperture designs to minimize solar
hecat gain while achieving the footl-
candle levels required for visual acuity.
I'he second requirement is that the
contrast  brightness of other objects
within the field of view must not be
excessive, such that the building user
can view the task comfortably and not
become visually fatigued over time.

In daylight design, glare conditions
(ix, when the Brightness ratios of
surfaces  exceed  wvisual  comfort
conditions) arc avoided  through
aperture design, exterior sun control
components and the placement of
adjacent surfaces to balance the nearby
surface brightness levels. A typical
condition that can be observed in
building  with relatively poor day
lighting design is that electrie light
{ixtures are turned on during the



Day o overcome glare conditions

and to bhalance the brightness
light, in coordination with the hight
available from dayligh.

For the case study of day Lighting
we will analyze one of building on
Politeknik Negeri Lhoksesumawe, Aceh,
Indonesia.

V. DAYLIGHT FACTOR

An indication of the amount of daylight
at a point within & room is the ratio of
daylight iluminance at the point to the
mstantenous  iluminance  outside In
general, people prefer variable light in
the form of daylight and the connection
il provides to the natural enviromment.
However, il is important in building to
maintain a relatively constant light level
for visual tasks so that short-term
variability does not become distracting
or inadequate. This is accomplished by
using clectric light fixtures for what
they do well, namely, provide a
constant level of comfortable the
building from a complete hemisphere of

Another diffuse than on a clear day. On
overcast days, the daylight is uniform,
though varying in absolute brightness

Figure 2. Sky Brigthenn Distribution on
Overcastand Clear Davs
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created by windows or rool monitors
sky, This ratio 15 known as daylight
factor (DF) and quoted as 4 percentage.

Dayhight Factor
al # point i an intenor x 100

=Haorizoatal illuminance

Homezontal illuminance at the same
instant due to an unobstructed sky

31 Component of Davlighting

It is desirable at the desien stage of
the building 1o predict the amount of
daylighting that will be obtained for a
given window configuration. To
consider how the dayhight reaches a
point within the roem and this can be
done by dividing the iHuminance
received into- three components which
shown below. and seasonally as the
sun's predominant position in the sky
changes. There is additional vanation
depending on sky conditions, Daylight
direcion on  cloudy days s still
variable, though the light is more
distbution in the space.
somewhat from sunrise to sunsct. See
Figure 2.
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Ceiling

_____________ ~ow,  Working Plane

“The three components of daylight

| ight reaching the point P directly
from the sky, known as the sky
components (SC) of the daylight, In
normal situation, nearby buildings may
obstruct the light from the sky to the
peint P and hence reduce the sky
component. The surface outside the
building do, however reflect light from
other parts of the sky into the room and
contribute a little towards the daylight
within the room. This componenl 1S
known as the external reflective
component,

The final component is due to
the light entering the intermal room
being reflected onto the reference planc.
In this casc the window could be
considered as an area source emilting
light onto all of the Toom surfaces, some
of which is reflected onto the reference
plane, increasing the illuminance. This
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component is known as the internally
reflected component (ire) of daylight.

VI.ANALYZE DAY LIGHTING
ON THE BUILDING

Case study Administration centre
building

Laocation Lhokscumawe, Aceh,
Indonesia

Focus : First floor (Jobby area)
Area : 580 M2

Function - Public service

Analyze - Lighting cfficiency on

working hours



Figure 3. Perspective Of Administration
Building

6.1 Ruilding Orientation

A good, cost-effective daylight
building design starts with  proper
orientation. To  maximize the
opportunity for day lighting, lay out the
building on an cast-west axis with the
majority of spaces facing either south

Figure 4. Buildipg Oricotation

Figure 4 above, can be describe
that day lighting can be maximize in use
for lighting service during working
hours (morning — afternoon) on building
facade. When sunlight cnters the space
through a window or skylight, it brings
not only light energy (whether direct or
indirect, but preferably indirect light in
building), but also heal energy.

: JTRNAL ARSITEEND
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{hest) or north (second best). This will
be particularly true if you are going to
rely on side lighting (versus roof
monilors) as a sigmbicant day lighting
strategy, Here building orientation of
case study as shown at the below.

6.2 Light quantity

Base on the drawing design of
that building, the light quantily can be
shown as below:

Pameg s Sy
B e
-.;;_Jl% |; _‘_ e \—- '-'__ -_‘__‘r_l_-r_:
LI T il

TR TR

_Figu re 5. Electrical Plan
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Lighting serviee use fluorescent lamp a.
with specification as shown at the figure

1}':3[1.1“'.'
L TTET S £ 1 By R
R = e T T T Bt T L L]
i i WSERment B 2 0
- 3 -l R
L RebEe? R L o=
1 ¥ I
S a0l x e
%
W 1 8 F R k] =
=a ]
i " a io. ™
"I' L
el iy : e 73
i =
e | ¥ =
7 e ]
'\.: n
!
Fa i
o=
¥
A naeE
£k h
& o
o
LA W " F L) | - > = =
o
e

Figure 6, Electrical Disgram Panel
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Designing a general layout.

The first stage is to decide on the
type of luminaries to be used.
This decision  may  seem
premature,  bul,  unless  using
computer  programmed. it 1S
difficult to achieve anything
without immediate  access Lo
specific photometrie.  Next, the
otal number of lamp lumen 1%

caleulated to achieve the
recommended  luminance, and
[inally the layout is planned.

. Determination of lumens
required

The formula lumen 15

Lamp lumens required = E & A

The standard values ol UJF x LLF
illuminance can be refer 1o the CIBSE ;‘_:""h“"m R "
= - cpamibard service [Haminance x)
1934_ Lightning code for .‘f“ the usual A o oF wankig piank
locations and occupants. These values UE = Unilization Factor
are necessary to achieve LLF = Light Loss Factor

a Satisfactory illuminance of the task
b, An agreeable general appearance ol
the interior

They are indicated as a standard
illuminances, normally on a honzontal
working plane. The illuminance value
serve as a guide to good practice. In this
case we will analyze the minimum
using lighting on  working hour’s
consideration efficiency lighting
service. That analyze begin from how
much sunlight can enter the room pass
through windows. With integration of
the artificial lighting and day lighting
will decrease the use of artificial
lighting in daytime.

(1) Utilization Factor

This is measure of the cfficiency
of the lighting scheme and is
the proportion of lamp flux that
reaches the waorking plane.
Some will come dire¢t and
some will come after reclection
from other surfaces.

(ii) Light Loss Factor

"~ When the light [ixmure is
activated, it produces light
which must leave the lamp,
then the fixture then reach the
wark plane. Along the way. a
number of operating  and
environmental conditions
interfere with the transmission
of light, resulting in wasted



lumens. The designer must
provide a system that will take
into account these condilions su
that despite them the lighting
system  will provide proper
quantity of light over time.

These conditions are captured &s
metrics called the light loss factors.
Metrics are used to perform how
something behaves, Light loss factors
are captured as percentages or decimals
6.3 Daylight Distribution
For good day lighting design, low
plare lighting is a poncipal objective in
building. Ideal ratios of brightness
levels within the field of view arc often
described at 10:3:1, for brightness of
visnal task 1o brighmess of the

immediate surround to brightness of the
peneral surround. A building space that
largely achieves these ratios can be
considered to have a good level of
visual comfort and no glare conditions.

Figure 7. Sunlight Pass th rough Windows at
fioar plan
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The three fundamental designs Tssues in
daylight design are:

4 Sun control. to  mitigate Any
increasc in the coohng load and t:]
control direct glare

b.Glare control, to  create and
maintain cormfortable bnightness
distribution. incloding no  direet
vicws of the bright sky in the
normal direction of view.

c. Variation control. to avoid any
user perception of insufficient
local light levels.

Daylight apertures in walls and
roofs are essentially in situ hight fixtures
using renewable light energy from the
sun. The building design team must not
only address lhe three principal issues
ahove for a variable, heat-laden source,
but must configure the daylight
aperturcs to reflect and diffuse the light
effectively to serve the lighting tasks
appropriately.

Daylighting solutions that address
the above issucs are most successfully
executed when focused on providing
general background lighting as opposed
(0 specific task lighting, and when
augmented by electric lighting in an
intelligently controlled and seamless
MENTET.

When used as general lighting,
the variability of daylight is more
acceptable to users and easier to control.
Smooth  integration  with  electric
lighting also helps  mitigale the
variability issue. The following sections
treat the three design issues in the
context of the types of daylight
apertures that are commonly used in
building.
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6.4 Davlight Apertures : Wall

The perimeter spaces of (he
building can be effectively day lighted
for approximately twenty teet from the
exterior wall by using windows and
clerestories (high windows). Generally,
the taller or higher the window, the
deeper will be the daylight penetration
into the space.

Clear glass is preferred for day
lighting, but this in furn requires
carcfully designed exterior sun control
devices to provide adequate shading,
Although internally mounted shades
and blinds reduce the high intensity and
heat content of direet sunlight, the most
effective sun control device is the
exterior sunshade. An internal shacde,
even a lightcolored fabrie or blind,
reduces solar heat gain by about one-
third to one-half of the incident solar
encrgy. An exterior shade will create a
reduction of 80% of the incident solar
energy.

The south-facing window Is
sasiest 10 protect since the sun is al
relatively high angles in the sky for
most of the day relative to  this
orienlation.  Horizontal  sunshades
Jocated above eye level easily shade the
south-facing window and create the
least obstruction to view and Daylight
Highly sophisticated design of south-
facing sunshades can be realized by
maoking the sunshade as permeable to
daylight as possible, while maintaiming
the full shading characteristics. A sohd
horizontal overhang will create full
shade from direct sunlight, but the
overhang can also be designed with
enough depth of structure so that
openings can be introduced in the
otherwise solid element. The more open
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sunshede can sull provide lull shade at
the window for the angles of ncident
light, while reflected daylight can pass
through the openings to provide higher
levels of light at the window face.

Horizontal sunshade for the south
clevation of a4 building. Note structure
that exclodes all dircet sunhght, b is
open to allow diffuse daylight to pass
through, Sun confrol at north-facing
windows should not be ignored in hot
climates since late afternoon summer
sun will penetrate the north-side spaces
from May through July. Simple fixed
vertical elements are adequate 1o conirol
this type of direct glare. Many
interesting  architectural solutions are
possible for this condition.

East- and west-facing windows
are more difficult to shade since the sun
is low in the sky in the mormings and
afternoons, and the angle of incident
sunlight is almest perpendicular to the

plass. For these windows, some kind of

vertical device or operable shutter is
generally needed. Daylight through east
or west windows is always best when
the sun is on the opposite side of the
building. When it is not, there will be
no daylight at window level since the
cunshade must be fully employed 1o
screen the perpendicular low angle
sunlight. This problem can be solved 10
some extent through the
clerestories, or window openings placed
high in the wall above the normal
window location, and shaping the
ceiling as shown in Figure 18 or by
adding a light shelf as shown in Figure
19.

use  of
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Figure 8. Sunlight Pass through Windows at
Elevation Huilding

The light shelf is a devige located
at the bomom of a cleresiory that
captures direct sunlight by reflecting it
off the top of a plane that extends into
the space. either a mirrored or a diffuse
surface. I the plane of the light shelf
screens the clerestory window from
direct view, there will be no direct glare
and the low angle sunlight will be
reflected from light shelf and ceiling,
and will reach the task level deep in the
space as diffuse light. The light shell
can be used on the south-facing walls as
well. and the Hight shelf can be extended
to the exicrior W form a horizontal
sunshade for the lower window.

6.5 Calculation Of Daylight For

Efficiency Lighting

That in trying 1w achieve a
minimum DF. With the window
become too large will causing more
serious glare and heating problem. It
may preferable to design to a lower DF
and integrate the daylight with the

electrie light.
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6.5.1 Dimension Of Windows

Analyze  dimension  of
windows for lobby arca o first
floor can describe as shown at the
below

Cilive controf:
using will on the
Tagandi wm e
reduce plare i
the building,

=

Figure . windows dimension

By considering windows solely
as admitters of daylight it may scem
that the achievement of a ceriain
minimum DF is the main criterion.
Electric lighting 1s often used dunng
davlipht hours and it may be the case

a. Calculation of sky component
(5C)
Based on the dimension of the
window in figure 9, il shown of
two different size of the window.
Let say the distance from the
window to the point of work plane
is2 m.




Tar Window For
area Windaw
arca ()
W =20 =8 I __=\
[.45 Z2ida. =
13 2 .16
(b 2 |
W=D =
1.375 W =
3 2 ) =
1.2
B
L 2
From the table From
the SC is 6.0 % the
| Lable
the &C
| 185%

By using the Sky compoenents
(CIE standard overcast sky) for vertical
glared rectangular windows. From the
calculation it shows that with the bigger
size ol the window, the percentage of
SC will be increase. With two type of
window size, the windows P have
bigger SC compared wilh window Q.

YIl. CONCLUSION

To design the good lighting in the
building has to leok into different
factors such as type of lighting, building
occupants and others. Integration with
the daylight or solar energy can enhance
the quality of light and reduce the
energy waste. By applying the formula
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Solution

which are standard guideline by the
International, will give a scenario how
the designer can zet an idea how to plan
the lighting in Lthe building.
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