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ABSTRACT

The role that natural lighting plays in buildingarmot be underestimated. Natural light is integcateto buildings
because of its potential economic benefit and ffecton the occupants’ psychological and physiciaigwell-

being. This study concentrates on Ayeduase, a butfukKumasi, Ghana, where poor architectural desigould
affect the performance of students. Therefore ptitaary aim of this study is to help improve thalbte (general
well-being) and visual comfort of students living Ayeduase, by creating awareness of the posififexts of
natural light on humans. Questionnaires and intews, as well as empirical measuring of daylighelsvn the
spaces of selected hostels were used. Analysed rdagmled that the level of illuminance in the lk&stis

considerably poor and this resulted in studentsgsartificial lighting throughout the day. Nevertbss, the
negative effect of this situation can be preveifitech occurring in further developments in Ayedu@sel Ghana as
a whole), by educating the public on the benefitasing natural lighting in buildings and by enforg laws that
will ensure that buildings have maximum openings @llow enough daylight into the interior spac8hese
measures will help reduce utility costs, improve tell-being of building occupants and increase pghgormance
of students.
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INTRODUCTION

Light has always been a predominant factor in tttevities of mankind. Many efforts have been madelésign
buildings that use a great percentage of natugat,liin both the developed and the developing cmmtLarge
amounts of money, which almost surpass the coathafilding, are used to light up spaces in buildirlg the year
2002, the cost of electricity in Ghana was 6 US pen kWh [1]. This enormous cost of electricityutbe reduced
if natural lighting is prioritized in building degis. In actual fact, natural lighting gives a natwiew of materials
and tends to produce more positive responses thaartificial lighting. Natural light has psycholagl and
physiological effects on the occupants of a bugdand as such should be considered well when dasgidg].
Natural or daylight is also said to most closelytehahe visual response that through evolution, démsrhave come
to compare with all other light [3].

The increasing population of students at the Kwadkeumah University of Science and Technology (KNYST
campus has instigated the proliferation of sevieostels in the neighbouring communities. Ayeduassyburb of
Kumasi, provides hostels to an appreciable numbENWST students.  Natural lighting in most bete hostels
is nothing to write home about. One cannot helpawe only artificial lighting on the corridors anobms of these
hostels, even when it is a bright sunny day.

As noted by [4], the presence of daylight in builgh maximizes the architectural potential whileéasing human
comfort and visual perception. Most of these hedtatk the essential resource which nature offeedyf. Openings
of these hostels are poorly designed or positioftdtas become a normal practice that lightinghese hostels is
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achieved only through artificial means. This inuattfact could have a negative effect on the peréorce of
students living in such hostels, since lighting apsychological and physiological influence on life of an
individual. As buttressed by [2], on a cloudy dayumder poor lighting conditions, the inability perceive the
colours from light can affect our mood and energyel. This invariably, increases accidents, reduvestal
performance and as a result, could decrease sti@eaidemic performance.

This study is aimed at identifying the key openadibdeterminant hindering the use of natural lightin buildings
and how this situation could be improved in Ayedusisidents’ hostels.

It is hoped that the results of the study will ¢cdnite to the general well-being of students angdrowe upon the
quality of buildings being constructed in Ghana.

Since time immemorial, man has sought for ways medns of living comfortably in his environment. M&na
diurnal being who needs good natural light in thg tbr him to function psychologically and physigically sound
in his environment.

Varying opinions have been published about the iphysf light by different writers. A Scottish phg&t named
James Clerk Maxwell (1831 - 1879) showed that decnd magnetic fields fluctuating together camnfoa
propagating wave, which was named an electromagmegtive [5]. Further, light is said to be this typewave.
Maxwell knew that a changing electric field proddc@ magnetic field. In 1905 Einstein concluded tigtit is
composed of corpuscles, or discontinuous quantanefgy [5]. Light is also the form of radiant eneripat
stimulates the organs of sight [6].

However, natural light is the only light that malkashitecture architecture as said by Louis Kalh @ted by [7].
The sun releases a power flux of 63 MW, equivatergix thousand million lumens, for every squardrmef its
surface area. Of this, about 134 kilolux reachesetlrth’s outer atmosphere. The atmosphere ababdug 20% of
this light and reflects another 25% back into owgpace. A fraction of the remaining 55% reachesgioeind
directly, as sunlight, the rest is first diffuseglthe atmosphere (skylight) - these two togethekemgp daylight [8].
All natural light emanates from the sun, the lightering buildings either being direct light frohetsun or reflected
light. The illuminance provided by a bright suntky snay be as much as 100,000 lux, though lighhi intensity
often causes glare and overheating. The importahtight in architecture has been expressed by abGsier [9]:
Architecture is the masterly, correct and magnificglay of volumes brought together in light. Fenttmore, the
history of architecture is said to be the histofyhe struggle for light. [10] did not only hava architectural view
of natural lighting, but also saw the need to pinpwhat day lighting does in different aspect ofltings (visual
stimuli, lighting energy savings, reduction in loiilg energy savings, minimization of operating soahd the
maximization of productivity, etc).

Natural light has direct and indirect effects omramn beings: the direct effects are caused by cl@roi@nge in
tissues due to the energy of the absorbed lightewvilne indirect ones concern the regulation oflilsic biological
functions and the production of hormones, connedtedight exposure. Therefore, to improve well-ligin
satisfaction and productivity, especially in hostelildings, it is very important to project indogpaces with
specific attention to occupants comfort. A studywidgst as cited in [13] found that prison inmate®whd different
views to outside the window (natural light) facimggetation and mountains had lower sick-relatets ¢ban the
ones who had their windows oriented to the coudyahere noise from passers-by emanated. Natural ig
generally known to be a remedy for curing skin asss. Natural light contains the right amount of tddiations

that the skin needs for its proper functioning. &qre to UV radiations produces vitamin D in theskhich is

essential for metabolic functions, including thea@iption of calcium and phosphorus [7].

On the benefits of natural lighting, [2] found thiere is increased student and teacher attendarmreased
achievement rates, reduced fatigue factors, imprastedent health, and enhancement of general dawelat.

Furthermore, natural lighting eliminates noise #iuttering from electric light sources and providés best quality
of light available in classrooms, gymnasiums, amdidors. Their extensive research has also shbamnstudents in
windowless classrooms are more hostile, hesitantt,raaladjusted. Moreover, students in windowleasstboms
tend to be less interested in their work and comptzore [2].

In 2004, Ghanaians consumed 5,158 gigawatthoursh)Ga¥ electricity. It is estimated that about halff this
amount is consumed by domestic (or residential)saorers for household uses such as lighting, irgning
refrigerating, air conditioning, television, radand the like [11]. In all, lighting was found to rume more
electricity than any other appliances because of pochitectural designs of some houses. lllumimegtiin these
houses are switched on from morning to evenincghabgpaces could be used for activity. Moreover,dtoice of
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external surfaces near a building can either erthanaletract from the character of illuminationhait a building.
This presupposes that effective landscaping, wkigdhenhance proper reflection, must be ensuredidiéquate
natural lighting is to be admitted into a buildifi?]. Designing buildings with a natural lightingraegy in mind
will definitely ease the burden of electricity casimprove well-being and increase productivity.

MATERIALS AND METHODS

The lack of adequate accommodation on Universitymsses in Ghana is a paramount problem students are
confronted with. The problem has been curtailedngfficient hostel buildings sited in the neighbiagrtowns of
Universities. Students are forced to stay in suostdis to continue with their studies. Unforturyatgboor
architectural designs of hostels which manifesthim use of artificial lighting throughout the dagvie invariably
increased the discomfort of students residing @mthThe objective of this paper is to examine thality of natural
lighting in Ayeduase (6° 40' 32" North, 1° 33' M/est) students’ hostels. The town was selecteduseca has
most of the top ranked hostels (considered to eshatiout 40% of students) around the KNUST. Deghitefame

that the town enjoys, natural lighting is a majoskgem in most of the hostels. In this contexg thain objectives

of the research study are;

» To examine how lighting levels affect the occuparitthe hostels;
* To find out how natural and artificial lighting assed by students; and
* To study possible health effects of long exposanedor lighting.

The methods used in this research were questiniesyiews, observations and empirical measurements.

The main areas of information needed from the nedeots were related to their background, knowledge
possible effects of natural lighting with regardgtie physiological and psychological outcome.

Tape measure was used to measure floor areas ddoh@pelements (windows) of the buildings. Furtimere, PC
Environment Interface equipment was used to meaherdluminance level in three hostels (NAH, HSktaGEH).

The one month measurement period (March 1 to 3112€esulted in data which was grouped in MS Exoel
generate mean values. The values (indoor and outlfieminances) were used to calculate the daylfgletors of

the spaces.

RESULTS AND DISCUSSION

NAH (Block B) Hostel
This is a four (4) storey hostel accommodating Wi8ents and located at the western part of Ayedutbas a 1.8
m high fence wall and the compound is landscapdetl mavement bricks. The general layout of the spase
double-banking (rooms sandwiched with a corridth, corridor width is 1.8 m and the floor areadach room is
12 nf. The corridors are furnished with brown terrazao the floor, cream colour paint for the walls, amblite
colour paint for the ceiling. Each room has a bajc@ washroom, and the floors are furnished wihtlterrazzo,
cream colour paint on walls and white paint ondeiéing (Fig. 1).
Ty
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Fig 1 Schematic floor plan of the hostel (block B3howing measurement locations
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The mean outdoor illuminance tabulated was 19,785 The mean illuminance for two rooms (F and I)tba
northern wing of the hostel was 50.7 and 17 luxe @hylight factor (see Equation 1) for the spa€ear(d I) was
calculated to be 0.257% and 0.086%.

Daylight Factor (DF) = Ei / Eo x100 Q)
where Ei is indoor and Eo outdoor illuminances
The mean daylight factor for the spaces in thelsmratwing was calculated to be 0.04%.

The results illustrate that artificial lighting widube needed, since the DF values were all beloW&8&hd 13]. This
analysis insinuates that it is not the amountgtitlifrom the sun that is inadequate, but rather tmget the natural
light into the interior of the building. In additip [14] outlines that the recommended daylightdestfor a living
room, a bedroom, and a typing and computing roooulshnot be less than 1%, 0.5% and 4% respectividig.
studied rooms are used as a learning place foestsdand as such, the daylight factor should adebs than 4%.
Herewith, one could conclude that the illuminareeels in the NAH Hostel rooms are poor and thainaddighting
strategies are not well utilized.

HSH Hostel

This facility is a four storey hostel located besttie Ayeduase-Kotei road on the eastern side efldgse. It is a
double bank hostel with a 1.7 m corridor width anti4.53 rfi floor area for each room. The corridors are fured
with polished light brown tiles on the floor, broyaint on the walls and white paint for the ceiinfach room has

a balcony, a washroom and the floors are furniskigll polished white tiles, light brown paint forgtwalls and
white paint for the ceilings. Two window walls with size of 9.3 meach are located opposite of each other,
containing windows with a size of 2.4°mnd 1.1 rirespectively, with the bigger one leading into ¢oeridor and
the smaller one oriented towards the balcony (sge2fy.

FIRST FLOOR.

Fig 2 A conceptual floor plan of HSH hostel showingositions where measurements were taken

To obtain a general knowledge on the illuminancéhenHSH hostel, the western and the eastern p#necostel
were studied. The western part has the annotatibisand ‘H’ while the eastern part has the arat@ns of ‘F’
and ‘G’. Considering the western side of the hodtglng the morning period (8:00-10:00 hrs.), thiinal spaces
(I and H) and the outdoor space (D) recorded 61%53.5 lux and 3340 lux respectively. Hence, thglidght factor
at “I” and “H” could be calculated as 0.184% an#i02%.

Consequently, the afternoon period recorded datyfayttors of 0.035% for “I” and 0.038% for “H". Atours 16:00
to 18:00, the daylight factor for “I” recorded 013 while “H” recorded 0.154%. The illuminance levelt the
eastern part of the hostel were different. Daylifgictors of 0.059% to 0.330% were tabulated. Thiagminance
values are low when compared to the recommendedsi¢i2 and 14]. This was partly due to the smallerdow
to wall ratios of the external walls (less than 2Q¥%6]. The light brown paint also has a lower eefance value and
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thereby reducing the total illuminance of the iiderspaces [16]. The use of white coloured paim8-40%
reflectance) would help improve upon the qualityhef spaces [7].

GEH Hostel

This is a three (3) storey hostel (105 capacitgated on the western side of Ayeduase. The hoaseB8 rooms and
a small courtyard in the middle of the facility.iniShes for the corridor are polished brown tiles the floors,
brown colour paint for the walls and white colowim for the ceilings. The finishes for the roonms @olished
yellow tiles for the floors, yellow paint for thealls and white paint for the ceilings. The hostekla 1.55 m
corridor width and a 14.3 Trfloor area for each room. The two window walls édavsize 9.6 i, each containing
windows of sizes 2.3 frand 1.2 riiwith the larger window directed towards the casridnd courtyard (Figs. 3 and
4).
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Fig 3 A schematic plan the hostel showing points veine illuminance was measured
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Fig 4 A view showing the inefficient courtyard of he hostel

The illuminance and daylight factors result ontiogthern part (annotated F and D) and the soutbartn(annotated
G and A) are elaborated. In the mornings (8:00-@)0):the readings at “F” (room) on the northern sifithe hostel
recorded 1.6 lux, while the area marked “D” (outdaecorded 1307.5 lux. Hence the daylight factotF could
be calculated as 0.122%.

The mean illuminance at the room recorded in theradon (12-14hrs) produced a daylight factor dB@%. At the

same area, the illuminance reading in the everliBgl@ hrs.) produced a daylight factor of 0.044%e Fouthern
part of the hostel was also reviewed in termssiilliiminance. However, the poor pattern of lowritinance values
continued. The reasons were that the window to radiths are low (less than 25% as against 60-80%rfefficient

performance [17], the colour of the interior waj®llow) has a high absorbtance value as comparachite, the

inefficient courtyard in getting the daylight toetlooms by virtue of its small size, the behaviolithe occupants,
etc [18 and 19].
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Questionnaire and Interview results (all buildings)

The questions (20 in number) were distributed tatBdents to ascertain their views on natural lighheir hostels.
Irrespective of the sample size [20], the studevitsivs give indication on perception and behaviouthe hostels
which could help improve upon the quality of builgs in general.

Some of the results of the interviews are outlinad discussed. On the activity the students nreguéntly carry
out in the hostels, fifteen (50%) out of the thistudents chose reading and writing by hand, wthitdve students
chose working with the computer. Furthermore, twdatr out of the thirty students said that theyds¢d more in
their rooms. Knowledge about the use of lightingt@mal or artificial) in the hostels revealed ti®&% of the
respondents made use of artificial lighting thromghthe day. This is understandable since the medsu
illuminances were really low. llluminance levels4§i0 to 500 lux are recommended for desktop aé/ifreading
and writing) [8]. The health complaints (headadhstrain and itching, etc.) by 40% of the resjgoitsi could also
be linked to the low illuminance levels within thpaces. Students who frequently remain and leatinein rooms
during power outages could be the ones with moneptaints.

Questions regarding user behaviour (the operafianralows to bring in natural light) resulted inen70% of the
students saying that they were able to operatevthdows and use the shades (curtains) to improwm upeir
visual comfort. Rooms that are oriented towardseidist and west could be observed to have the msiitaiplace to
block direct and reflected solar radiation. Thiagiice however, has the consequence that occufremtsesort to
the use of artificial lighting which could have ege penalties [21, 22, 23, 24 and 25]. The impdavatching on
the light ‘all the time’ was mostly felt by studenwho had to bear the cost of their consumed @éygtr

CONCLUSION

The study had the objective of evaluating natuigiitlin students’ hostels. This was because ofafen poor
designs that are created for students to use aslfiowithout considering the use of sustainabkEgieprinciples
and occupants comfort. Through questions and eoapimeasurements, data was accrued which indiqaded
illuminance levels in the spaces of the hostelstaalth complaints by the building occupants.

To alleviate the deteriorating effect of bad ligigticonditions in the hostels (future buildingsk tbllowing should
be considered:

e The education of students and landlords (hostelessyrabout the positive effects and benefits afiradighting;
» The rolling-up of window curtains especially in thternoons as an effective means to allow lighpe¢oetrate
into a space should be enhanced. Students shoufaught to understand that it is of more importatwallow
natural light into a space than to decorate thenradgth curtains;

« Strict policies on having surface finishes of higflectance should be enforced in all the hostelsyieduase;

» Natural lighting should be made the prior meanggbiting hostels in the day by institutionalizingist policies
which oblige designers of hostels to adhere taudee of recommendations for sizing windows, theafsmaterials
with high reflectance values and the use of suabdéndesign principles; and

» More technological means could include the uségbt ftunnels for every room and mechanized windovtains
that roll up automatically to allow natural lightd spaces.

These measures when applied could help improve tipwromfort of students, their well-being and hedguce
energy consumption of buildings in Ghana. Futurstdéldbuildings could also benefit from the applicatof the
recommended measures.
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