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_EVALUATION OF NATURAL LIGHTING AS A
SOLUTION TOWARDS ACHIEVING

' SUSTAINABILITY IN THE DESIGN OF SHOPPING
MALLS IN F.C.T ABUJA MUNICIPAL AREA

Obinna C.Q. and Akande, O.K.

) I)cpu(lmcn! of Architecture, Federal University of Technology, Minna, Niger State. Nigeria
Institute of Public Health and Environmental Engineering, University of Leeds, United Kingdom

The philosophy of natural lighting in buildings interiors is a signilicant development in the transition
{o sustainable buildings. Natural lighting enhances human and environmental sustainability by
providing healthier interior spaces and reducing the demand on non- renewable sources of encrgy.
This study assessed natural lighting in ten shopping malls within the Municipal Area of the F.C.T of
Abuja, The methodology adopted to carry oul this research was a descriptive survey method with the
use of questionnaires and structured observation schedules. These were used to obtain knowledge on
tbc source of power supply and assess the design features that werc integrated to achieve natuiral
lighting in each shopping mall. Data collected werc analyzed by simple descriptive analysis with the
use of statistical figures in the form of percentages. Tables were used to visually display the extracted
data from the research instruments. The results from this research showed that the major source of
power supply was from PHCN. Diesel generators were used as an alternative source of power supply
when there ivas power interruption. This indicates that most shopping malls in the Municipal Area of
F.C.T of Abuja, depends largely on electricity from PHCN and non- renewable sources ol energy.
The results of the evaluation carried out in the ten shopping malls revealed that although fenestrations
were integrated in-all the shopping malls, natural lighting was inadequate due to; the number of these
fenestrations was relatively small when compared to the overall building envelope. Generally, efforts
have been made so far to achieving natural lighting in shopping malls. However, there is more to be
considered in order to maximize the efficacy of natural lighting. It is hoped that the outcomes from
this research provides relevant information and direction for designers on the possibilities of
maximizing natural lighting in shopping malls.

Key words: Buildings’ interiors, Natural Lighting, Shopping Malls, Sustainability

INTRODUCTION

Prior to the invention of artificial lighting, natural lighting was the primary source of
illuminating buildings’ interiors. With the advent of electricity, artificial lighting gradually
took partial or virtual dominance in illuminating buildings’ interiors, consequently increased
electrical costs (Brain, 2015). This alongside other non- sustainable building practices
especially in the building sector- as they are significant consumers of energy- has led to
severe environmental, economic and human detriments through increased greenhouse gas
emission, and carbon dioxide (IEA, 2013). The relationship of sustainability and the building
sector is best understood by considering the concept of sustainability in broadly two aspects;
human and environmental sustainability. Human and environmental sustainability can be
achieved by the optimization of passive design strategies. Natural lighting is a passive design
strategy that utilizes natural light to illuminate buildings’ interiors thereby providing
healthier and comfortable interior spaces and reducing the demand on nonrenewable sources
of energy (Modscape, 2015). The aim of this research is to evaluate natural lighting as a
solution towards achieving human and environmental sustainability in the design of

shopping malls.

chinezeobinnaZhginail.com

Obinna & Akande, (2018). EVALUATION OF NATURAL LIGHTING AS A SOLUTION
TOWARDS ACHIEVING SUSTAINABILITY IN THE DESIGN OF SHOPPING MALLS IN F.C.T
ABUJA MUNICIPAL AREA, Contemporary Issues and Sustainable Practices in the Built Environment. School of
Environmental Technology Conference, SETIC, 2018
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tivities of mankind. The perception of natural
activities

- ient cave dwellers who experienced day
lighting has evolved over time, from the C:}I’II.CSl “"(?jcr“qza::n(sct: o The Tifies: whei
light initially merely as sunrise and its fading .ﬂ“'lﬁ fli ;hl along with heat, cold, and air;
oﬁcnimzs were introduced in buildings transmitting day ‘g,m o apvularly during.the pre.
to mm;kind devising a means to cover lhcscb crude (i'-n"rqi%wl B verse weather condifions
sixteenth century, in order to protect the int?n(-)r spi.w(tis‘ﬂl}_.;ll ).cr O iserahliar Al 5l
with the use of thin slabs of marble. sheets of mica or oi L'(I: ‘)"mcq il on i tHE P
be opened and closed as when required: to the use of small pancs

ath e WDC, 2007).
period and; larger panes of glass during the seventeenth century (

Light has been vital o the livelihood and

; istory of natural
The history, evolution and development of windows is synon)jnljoll.ls ,l](:ig;c {]halchy and paper
lighting: consequently architecture. Glass which replaced mar IL’for or;mmcnml purposes
was discovered g carly as 3000BC in Egypt and were used maml y uarrels were used as
such as beads, until the roman period where small panes of g ‘}SS :I ‘ anes of glass were
window openings, Subsequently, during the seventeenth century, arger plossibilities- Over
developed in England which helped to provide advanced fcncstrmlgn p For inetance
these periods, the nature of windows informed the appearance of buildings. sl 1
during the mediaeval periods, the shape and location of the .wmdows were func eriody
related to the role played by natural lighting, however; during the EENAISSANCE ': seer;
window placement Was primarily based on the external appearance of buildings, as its
cven today (Phillips, 2004)

The growth of the work

. 1 1 { r
place in the nineteenth century influenced the increasing need fo
more adequate lighting

requirements which was partly solved by providing long hOI‘lZOl:llﬂl
windows, there by leading 1o higher floor to ceiling depth, consequently; uneconomical
space utilization, The need to ensure more economical space utilization led to reduced
ceiling heights, ang reduced natural lighting in buildings™ interiors. The pressure to
effectively and adequately illuminate building interiors came from utility companies \.vho
saw this as an OPportunity to encourage the marketing and sales of artificial and electrical
means of lighting in the carly twentieth century. Soon, artificial illumination replaced natural
Iighling and windowlessg factories and schools were constructed (Brain, 2015).

Meanwhile, the threat posed by energy crisis and substantial petroleum shortages
(Macalister, 2011) in the 1970s motivated people 1o consider alternatives to interior
illumination other thap artificial means and natural lighting was one of the obvious
alternatives towards achieving sustainability. In addition to the economic advantage of the
optimization of natural lighting in buildings interiors, natural lighting ha“s'T)‘osilively affected
the education, health, and commercial sector- where it has been properly applied. A number
of studies have proven that natural lighting leads to increased productivity by workers;
higher class grades by students; quicker recovery of patients and the prevention or treatment
of rickets- due to the presence of vitamin D in sunlight, seasonal affective disorder,
hypertension and circadian rhythm disorders; and also enhances attractiveness ang increased

sales in shopping centers and malls (Edwards et al, 2002, \\’ymelcnberg, 2014, Dodson E.R,
2010, Brain, 2015).

Successful and effective natural lighting,

involves the
orientation of buildings with respe

ctto the site: the sjze
function of a space: the use of solar control or remediation devices and
clecurical lighting controls: the type olmterior finishes 1o be installed
partitions (/Rndcr. 20106). Despite the additional cost 1o the te
these considerations. there has still been significant reduction
15 10 40% in buildings where natural lighting w
sustainability (Facilitiesnet. 2009).

Sustainability and Buildings

Buildings have a significant impact on the natural environment and its inhabit
consume resources, generate wasle, discharge harmful atmospheric emjssiong
function of land, as such, builders, dCSignf.‘l'S. and users are constantly [y
challenge of designing, and constructing luulclil.\gs that are healthy, safe and comfortabe
while minimizing any negative effects on the cnvn'onmcn_l and the cconomy (WBDG, 29 7).
OECD Project, defined sustainable builfiiﬂgS as lhg)se buildings thzlxl l)avc minimum adverse
impacts on the built and natural environment, in terms of l_)unldmgs themselves,
immediate surroundings and the broader regional m_ul global setting. Furthermore. aceor
to, Paola Sassi (2006), the two main aims for sustainable architecture design are;

holistic consideration of; the

and type of fenestrations: the

aylight responsive
and position of interior
chnology of nayyr
in electrical bills,
as employed thereby ¢q

al lighting by
ranging from
ntributing 1o

ants as they;
and alter the
ced with the

their
ding
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Natural lighting technology and design philosophy

A mmber of atiedios have thon that ofY

cotive navirral Bighting by

using the followime techoology and
LCBOS, 2010y o

d desrgn philosophies EAnder. 2006 Ly

High performance glazing system

Contrany to the instorical use of glass as windows to allow xir and fight. recent design
complenities and differing needs of different designs, has led to the mnovaton of high
performance glazing systems to meet these distinet and varying needs of clarity and view.
thermal performance. occupant comfort. and aesthetics { Arsenault, 2016). To achieve natural
lighting. the concept will be to carefully choose a high performance glazing system that will
prevent or allow heat- depending on the climatic condition while enhancing clarity andd hight
transmittance (Ander. 2016). This can be 2chieved through spectrally- selective films with
double or triple panes. High performance glazing systems are sustaimable because they
improve the energy performance of buildings by reducing energy consumption and lowering
carbon dioxide emissions.

Exterior Shading devices

Exterior shading devices helps to control and diffuse nawral light in buildings’ interiors, and
also prevent the effect of glare on occupants. This often leads to user satisfaction and
increased productivity. Examples of such devices are light shelves, oy erhangs, horizontal
louvers. vertical louvers, and landscape features (Prowler, 2016). The position of windows
on a building determines the kind of shading device best suited for it. While overhangs,
horizontal louvers, and trellis over windows are more suitable for south windows; vertical
louvers, horizontal slats, and deciduous trees are more suitable for cast’ west Lacing

windows. Additionally, shading devices are not necessarily needed on north facing windows
(Brown, 2017)

Daylight redirection devices

Daylight redirection devices helps to transmit light deeper into a space. There are two Kinds
of redirection devices: light shelves and battles. A light shelf is a horizontal slat integrated
in o window and divides it into a view area on the bottom and a day lit arca above eye level.
They serve basically two funetions, as a shading device for the part of the window below,
while bouncing the light upward to improve light distribution and penetration and prevent
glare effect on users. When light shelves are oriented vertically, they are known as bafiles,
(Sustainability Workshop, 2017)

SKylights

Skylights if properly installed are energy efficient devices for effective users” comfort and
ilumination of buildings’ interiors. Unlike vertical windows, they admit more light and
distribute it evenly. They come in different types and configuration depending on the design
requirements of functionality, aesthetics or performance (Lyons, 2013).

Reflectance of room surfaces

Reflectance values of room surfaces significantly impact daylight performance and
wransmittance, therefore should be kept as high as possible. 1t is desirable 1o keep ceiling,

walls and fleors reflectances, over 80%s, over 2075 and around 20% respectively (Ander,
2016).
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Tubular daylight devices '
to collect and channel natural light through the

Tubular da,\'lighling devices (TDD) are used : ek pifisareas ot BLildilg
roofl'of a building jnie interior spaces. They cconomically admit ligh ." ;Or o mo\f
that has no windows or sky light. TDD typically consist of three parts: a cOlICctO

an | to channel the light down and a

to gather sunbeam light and diffuse skylight. a hollow pipe ) ; a2 of 14 1
diftuser at a ceiling level 1o spread the light. A typical device can illuminate an arca o 0

2 - TH " M il g
28m*. The area coverage is dependent on the floor to ceiling depth. the higher the ceiling;
i Y bord et al 2014
the more widely the light will be uniformly distributed (Laouodi et al 2014).

Natural light responsive electric lighting controls

Natural light responsive clectric controls should be integrated with the use of natural light
or natural lighting in interior spaces to be effective. These natural light responsive clectric
!'ghllng controls sense the availability of natural light and moderates, cither by reducing or
M some cases switching off the artificial lights according to the amount of natural light
available. The types available are switching controls. stepped controls, and dimming controls
(Ander, 2016). =

Open Spaces

;[‘l.h? T'unum and courtyard are typical examples of central open spaces in building interiors.

ZOIIL;)_h,il,? '::)rit:llll1z}x1cc susmina'bilil_\' by_natumll_v illuminating building interiors (\'VBDG,

Ccmralizcd‘ scm’i‘- 5 ‘"l‘ open- air or skylit court space. The types of atria configuration are:

in encloscé ot “'fnc Ossd, attached and h{]e:?r (Hung, 2003). Courtyards can be deﬁl?ed as

courtyards can be irr:o[ljm LCd by walls or buildings and open to the sky. The cor:ﬁguratlon of

enhance visual COI‘Inccti’v' , T or Y depenqmg on the design (Almhafdy, 2013). They also
i 1ty with the exterior environment.

RESEARCH METHODOLOGY

:::Stir;:grich‘|11ctl1$)dol.ogy cmploycd' was descriptive survey method with the use of
i _rcls and structured observation schedules. A total of ten shopping malls within
o leulllsclll:')? /\rczi of lhf: F.C.T of Abuja were as_sgsed. Elgmenls were drawn into the
ple g convenience or accidental non probability sampling. This was because some

shoppmg n.'talls were not willing to disclose vital information needed for the research. Ten
questionnaires were administered to the management of each shopping mall. to obtain
information on the source of power supply in each shopping mall. Slruc;urcd observation
schedules were used to assess the natural lighting features that were integrated in the design
of each shopping mall. The data collected were analyzed by simple descr?ptivc analysis with
the use of statistical figures in the form of percentages obtained from the crunched data
which was computed and tabulated in Microsoft Excel Spread Sheet Program. Tables Wcr:;:
used to visually display the extracted data from the data gathering instruments. The shopping
malls that were assessed are listed in Table 1.0 below:
Table 1.0: List of shopping malls assessed

S/No _ Name of Shopping Mall in Abuja

1 Novare Gateway Mall Lugbe Airport Road

2 Jabi Lake Mall Bala Sokoto Way Jabi
3 Silverbird Entertainment Centre, C.B.D
4
5

Next Cash and Carry Bannex- Gwarimpa Express Way, Kado-Kuchi
Park n Shop Aminu Kano Crescent Wuse 2

6 Metro Plaza Zakaria Maimmalari Street C.B.D

7 Ceddi Plaza Tafawa Balewa Way C.B.D

8 Sahad Stores Tatawa Balewa Way CB.D

9 Lxclusive Stores Ademaola Adetokunbo Crescent Wuse 2
1) Rock of Ages Mall Obalemi Awolowo Wav Utako

FINDINGS AND DISCUSSION OF RESULTS
The results obtained using observation schedules were recorded using the following
representations:

- Not available

v Available

190
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lel)l(' 2.0; Sout il Wer s )l)l m ”‘ll‘ Sh()l)plll". malls
) C¢ ¢ Owe u A 1=
I! pply
S/ No Ndlllk ol mall

Source of power supply

PHCN Solar Hydro- Wind Dicsel
power clectric turbines Generator
power
| Novare gateway v . 2 ) v
mall
2 Jabi lake mall v - - - v
3 Sliverbird v E - - v
entertainment
center
4 Next cash and v - - - v
carry
5 Park n shop v - - - ¥
6 Metro plaza v S - -
7 Ceddi plaza v - - -
8 Sahad stores v - - - v
9 Exclusive stores v - - ' v
10 Rock of Ages v - - B v
Mall
Total 100% Total 100%

Findings on Table 2.0 shows that the major source of power supply in all the ten shopp_mg
malls is from PHCN, while the alternative source of power supply used when there’s no light
from PHCN are diesel generators. This indicates that the shopping malls assessed, depends
largely on electricity from PHCN and non- renewable sources of energy.

Table 3.0: Natural Lighting Design Features

§7 TSTOF EXTERNAL CLERESTORES w.NDOWS  OPES SPACES SRYLICGHTS TOTAL
SHOPPINGC SHADINC
NIALLS DEV\'ICES o “ : : i
Sovare - B
Gs!e“':_:"
Nisll .
=) Jsby Lske - g a6,
Nl _
3 Silyverkigd - . v - - RILE
Entartamment
e v 202
= Next Czsh -
and Carry
= Park n Shep . v v _/ =
v -
& ot — -
: 'Q::d':; :1:.:'. v v v v sfr:,‘
S {abzd Steres - v v v _ 5;:
S Exclusive - v v
Stores )
T Pock of Ages - v v N . 60°5
LN Total o £02, 502, s a6

The results on Table 3.0 show that although ther.e are fe'nestrations in ?ll tEe :eg 'sho;;{)mg
malls assessed, shading devices or light redirection d(:wces were .ng: lnt;:;:;i;relzsgesse;
designs. Seven of the ten shopping malls had below 50% of the \k/)arla measde s se
in each shopping mall. This indicates that generally,effo.rts have ezr; meeso fantoactions
natural lighting in shopping malls. However, there’s still more to

maximize the efficacy of natural lighting.
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Table 4.0; p
S/ No

osition of clerestorics Position
Name of Mall

i her Spaces
Individual Shop Staircascs Ot p
Units

Supermarket

v
Jabi Lake Mafl v )
Park n Shop v ~
Ceddi Plazy
Sahad Stores
Exclusive Stores 4
Rock of Ages
Mall d

- — : — . < n shop an
Table 4.0 displays the Position of clerestaries within the shoppmg‘malls. Park [" . dZsign
Exclusive stores had clerestories in the supermarket areas. This is a fenestra.lo bstruet
possibility that allows natural light into supermarkets where stalls would otherwxsebo e
the entry of natural light through windows. Jabj Lake mall had clerestories above

individual shop units, The natural light transmitted through the clerestories contributes to
the overal] interior ep

i vironment lighting. Ceddi plaza had clerestories at relaxation Spaces
While Sahad Stores and Rock of Ages Mall had clerestories at each individual shop units.

Table 5.0: Position of windowsg
S/ No Name of Mal] Position
South East West North

1 Novare Gateway v v - -

Mal]
2 Silverbird v v v v

Enlcrlainmcm

Center
3 Park n Shop v . - v
4 Metro Plaza v v v v
) Ceddi Plaza v v v v
6 Sahad Stores v v v v
7 Exclusive Stores 4 v v 4
8 Rock of Ages v v v v

Mall

Table 5.0 displays the position of windows within the
shopping malls listed above, shading

shopping malls. In all the eight
control natural light

devices or light redirection devices were not used to
especially on the east and west facing windows, '

Table 6.0: Description or open spaces

-enfigurancn o7

Cewrnvard Numter

i Avadatle

"

Table 6.0 shows the description of open spaces within the sho
shopping malls listed above, the atria and courtyards helps to ty . e
building interiors or spaces where they are Iintegrated. In thad Stores, some.lhe dlllf‘l‘Clal
lights on the passage surrounding the courtynfd and .l'cl'axallon spaces were s'\vuchcd\c‘)lt. In
Ceddi Plaza, the artificial lights where one of the atria is located were al| switched off,

pping malls. In all the four
ansmit natura| light into the
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Table 6.1: Positi
Lable 6.1: Position ol atrium

N \!\\ T
! Lame ol mall T e
. R T Y — T
otal
ettt T T e — Number
S lon Cireulanon ~ Ahailable
Spaces Space/
i Netro Plaza - Centralized
R . ¥ 4
< Ceddi Plaza v ) :
3 Sahad Stores v 2
4 Rack of Ages > l
E v |

Mall

Table 6.1 displays H
1 displays the pos R Arests e 1 ]
plays the position of Atrium in the four shopping malls where it was integrated.

Fable 6.2: Position of courtyvard
S/ No N: A
Name g 1 HE
ne of Mall Position of Courtyard Total
Number
Relaxaton Circulation Aallable
Spaces Space/
‘ - i centralized
| Sahad Stores ¥ )
2 Rock of Ages v !
Mall

Table 6.2 displays the position of Courtyard in Sahad Stores and Rock of Ages Mall.

SUMMARY OF FINDINGS

carried out in the ten shopping malls reveals that although

natural lighting is inadequate due to;
ly small when compared to the overall building
od in the design of 80% of the malls
rough vertical fenestrations while none
| fenestrations alone are limited as they
s. Generally, itis
alls, as natural

The results of the evaluation
fenestrations are integrated in all the
the number of these fenestrations are relative
envelope. Additionally, skylights are not integrat
al light is only transmitted th
Ihe vertica
as much as horizontal skylight
ight in shopping m
cy lights when there is power

Iy shut out in spaces where there are no

shopping malls.

assessed as such natr
comes in from horizontal fenestrations.
ral light
and use of artificial |
lights or for emergen

do not give even distribution of natu
observed that there is high demand
light is used alongside artificial
interruption, and in some Cases, it is complete
fenestrations at all.

RECOMMENDATION

Stake holders. design professionals, dev
an and environmental sustain

clopers. building owners and users are all
ability. during the design, construction,
s of Shopping malls and buildings in general. First and foremost,
esigned with respect to the micro climate to take advantage of the

1controlled natural light results
interiors as seen in some of the

responsible for hum
and operation phase
buildings should be d
maximum available light so
to excessive brightness and heat transmission into
selected shopping malls. As such, the negative et
transmission in interior spaces that comes with n
shading devices, and light redirection des ices like light shelves. Buildir
allow for north and south facing glass while minimizing cast and west facing glass. High
performance. glazing systems should be used instead of the common single glazing, as they
help to satisfy differing needs of different designs as regards aesthetics, thermal
view. occupant comfort ability. Clerestories should

and environmental sustain
here obstructions would block the entry of lights through windows. This
aces like superm

should especially be integrated in sp arkets. where stalls are used. Given the
ubes should be used in spaces that are su

health benefits of natural light. light t rrounded by
other functions and are difficult to position fenestrations.

as to minimize electrical bills. Ur
buildings’
Yects of excessive brightness and heat
atural light should be remedied with;
\¢ orientation should

performance.
be used in areas W

CONCLUSION
and environmental sustainability through

Natural lighting in buildings enhances human
improving and maintaining human health and reducing the exploitation of non- renewable
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