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Passive design strategies for

“residential buildings in a hot dry climate
in Nigeria

0. K. Akande

Architecture Programme, Abubakar Tafawa Balewa University, Nigeria

Abstract

The hot dry climatic zone of Nigeria is characterized by a period of high
temperature and low relative humidity between February and May. Between
these months, the daily mean maximum indoor temperature of most buildings is
about 37°C with low indoor air velocity. A study of residential buildings in
Bauchi state, Nigeria shows that most occupants of the buildings have persistent
and growing problems with the indoor environment due to high indoor
temperature. Most buildings are characterized by poor design in relation to the
climate, which requires a great deal of energy for cooling during climatic
extremes. Other problems are poor natural ventilation, inadequate surface-
volume ratio and poor building orientation. This has led to negative consequence
that affect the occupant’s physiological comfort, capacity for mental and
physical work, health and leisure. This paper identifies passive design strategies
that can be adopted in this climatic region to minimize the use of energy for
cooling, improve occupant’s comfort and enhance low energy architecture. The
objective is to reduce overdependence on electricity demand and energy use in
residential buildings. The result of the study shows that adopting certain passive
design strategies through appropriate selection of building materials, proper
building orientation, adequate natural ventilation and application of some design
elements can provide natural cooling and reduce the energy used for cooling in
the buildings. The paper concludes that this will limit the energy demand for
cooling and will also result in an adapted architecture to the climatic
environment, which will encourage innovation design solutions for building
professionals in a hot-dry climate. ‘

Keywords: architecture, buildings, climate, cooling, comfort, design, energy,
passive, residential, strategies.

& WIT Transactions on Ecology and the Environment, Vol 128, © 2010 WIT Press
Www.witpress.com, ISSN 1743-3541 (on-line)
doi:10.2495/ARC100061
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1 Introduction
those situated in tropical regiong .
problems in urban areas bec’a:l"slth 2

tries, especially
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In most developing coun ]
i { presents specia % :

hot dry climate, extreme heat p ventilation for c_oolmg at night is ing deq
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the retention of heat by buildings 11 ¥ ; fthe resident
. matic regions, many of the residentia] by; 1.
(Weihe, [1]). In many of these Gl Jarge proportion of the build?lldln

. ts because 2 .

are not suitable for the occupan it hei ildingg 5.
. ition, because their econo e

poorly designed for the climate. In ad Mies canpg,

provide mechanical air conditioni ority of their urban housing. i

ng for the maj |

comfort and wellbeing of the occupants therefore depend entirely on the desig
i the houses. 3
andlrclonNsitge]:ital:ndzgigns of apartments ip ge_nfrgl '1?11.'6 not respc?nsiVe {0 the
requirements of the tropical climate- Residential bul mlgj af{e deSlgI}ed Withoy
giving due importance to the parameters that are responsible for enabling thermy
comfort without much dependence on energy USE. Dependence on artificjy|
lighting and ventilation is therefore commorn n 'all _ apartments. Howeve,
frequent power disruption and load .sheddmg in Nigeria, sometimes over six
hours a day, amid hot and dry conditions, have made the life of urban dwellers
miserable. As the load-shedding situation continues to worsefl, the excessive heat
r homes and offices. The situation

drives people to use more electricity at thei :
becomes worse during the peak dry season from mid March.to early May when
the ambient temperature becomes Very high. During this period, the demand for

" electricity use goes up to its highest level because of hot weather, as well as a
huge need for cooling energy. Because of the increase in energy demand and
with its inadequate supply, buildings without active climatization will engender a
poor indoor climate, which leads to fatigue, health risks and inefficiency. It is
against this background that this study is designed to describe the passive design
approach for residential buildings in the hot climate of Nigeria. gt

2 Methods
2.1 Description of the study area

E)?]U(;:luldls ;gcatc’:d is the nprth-ea}stern part of Nigeria at latitude 10° 17°N and
o rﬁidityeih‘t }feng. The climate is characterized by high temperatures and low
maximum of 31 6royCSeason, -The (.i".lmal temperature varies from an average daily
highest in Au ust 6tg aodauy minimum of 13.1°C. The mean relative humidity 5
sainfall Farige fbe tv(v .5%) and lowest in February (16.5%). The mean annual
700mm per annume('m 800-900mm per annum in the southern part and only
September and Ma lr;”the extreme north. The dry season occurs betweerl
hottest month in g;:éhl‘ k e e Season is between May and September-
December and January v:utll? 6A lplrtl’é\:lgl74??2.5°c, while the coldest months 3

¥ ’ ' nd 7.22°C respectively. | |

@L WIT Transactions on Ecology and the Enviro,
nment,

WWW.Witpr !
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,3 Method of investigation

o urban residences in Bauchi were taken as ohjects and
v ¢ld measurements on the nature of residential ther
od from February-May 2009.

questionnaire surveye
mal environment wé-a

2.3 Ontline of survey

100 houscholds were 'ﬂ.lc objects for questionnaire survey. Temperatures, relat;

purmidity and air vc]oc:uy measurements were taken. Fach household w.;zw ;i\:ve
quc;ﬁgnnaircs'dcpmdmg on the number of adults (i.e.16years old above) in :;n
family. 3 liquid crystal thermometers were hung onto the wall at 4 heigiy :;.
1.2m, onc for the living room. bedroom and the other for outside under a shad ‘d
wall, together with a wet and dry bulb hygrometer. Residents were ret;l;ire;em
&l the questionnaires while the research personnel record the environmental
measurement thrice in a day (7-10am, 12-3pm, and 3-8pm). The contents nf.t?:e'
questionnaires main!y include resident’s demographic and socio economics
characteristics, building characteristics, thermal comfort perception of the living
spaCCSCﬁC. -

2.4 Outcome of investigation

Cement sandcrete structure plays an important role in the building enclosure with the
proportion of 48%, while 20% of the buildings are built with mud bricks and
another 15% with stone structures, 6% with burnt clay bricks and compressed
carth bricks while just 5% are built of thatch. The mean size of sleeping room
per-houschold floor areas is from 10.28m* while the average room height is
2.7m.The average window area is 0.89m*.From the environmental measurement
carried out, the temperature measurements in the buildings shows that the
conditions are bad since the indoor temperature rises to extremely high value of
37°C in the afiernoon (figs 1.2).

40 50 40
30 40 32 28
30
20 20
10 10
0 : 0
& & % : : {\‘Q% ooé\ q,é\&
O«\ é(\ QQ’Q : A & %‘E} &

- Outdoor Temp.
‘Mean Indoor Temp, ,.,...Me.a" e

F' Mive §. . e a1 ol
‘gure I Mean indoor Figure =
lemperature.

Mean outdoor
emperature.

" ‘ e T
@ wir Transactions on Ecology and the Environment, Vol 128, © 2010 WIT L
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® Joo warm
® Much 100 warm

m Comfortably Warm
8 Camiortably neutral
® Foof too Cool

® No response

Figure 5: Thermal comfort vole.

lower compared to that of

The mean outdoor relative humidity is very much
temperature

the inside especially in the afternoon as a result of fluctuations in air
(figs 3, 4).

Further investigations shows that the mean indoor air velocity in the day
(i.e.moming (0.12m/s), aftemoon ( 0.11m/s) and evening (0.1 2m/s) is very low
hence lead to much dependence on mechanical cooling for comfort. A large
portion of the occupants of residences find their thermal environment 100 warm
(57%), much too warm (20%), comfortable warm (13%), and comfortably
neutral (2%) (fig 6).The thermal preference of the occupants of the residences
shows the need for indoor cooling of the building for occupants comfort. Greater
peryelnmge (88%) of the occupants prefers a cooler indoor even though they ¢ y
mainly on natural ventilation through the use of window (figs 5.6).

' WIT Transactions on Ecol :
: ogy and the Environm
e wigrcsscom, ISSN 13439541 (b Vol 128, © 2010 WIT Press
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® Cooler
® No change
2 Warmer

® no response

88%

Figure 6: Preference thermal comfort vote,

3 The need and benefits of passive design approach in
residential buildings

The global trend in the design and construction of buildings is that of using passive
and low —energy strategies to achieve environmental quality especially in hot-dry
climate. The hot-dry climate poses environmental challenges of high temperature
and this extreme temperature has to be catered for at the design stage to avoid
absolute dependence on active energy systems for indoor comfort. In Nigeria,
where power supply is epileptic and erratic, most residential buildings depend on
energy excessively to attain indeor comfort particularly in buildings that are not
passively design. When considering economy of use and unavailability of power
supply and even the resultant effect in the green house emission it is better to avoid
dependence on active energy system for indoor comfort. Likewise, since
mechanical indoor comfort provision accounts for a sizeable percentage of energy
use in most buildings, definite approach must be adopted to minimise or eliminate
the use of active energy. Low-energy building can be achieved through deliberate
choice of passive design approach that suit a particular climate for indoor comfort
provision and to accomplish this passive design strategies are needed. Passive
design is a low energy-intensive method of keeping a building cool by relying on
architectural design. Heat avoidance techniques, natural lighting and natural
cooling methods are incorporated in the structure to minimise energy consumption
while improving the indoor comfort level. The benefits of passive d.eSlgn are
obvious; considerable peak load reduction for the utility company, improved
comfort, lower utility bills and little additional cost to the builder.

4 Passive design strategies for hot dry climates

Wel.l'df:Sig"ed passive buildings maintain the best environment fofr h;;?iil;
abitation while minimizing the cost of energy. The objectives © P

iy .
Uildings are to improve the comfort levels of the occupants and reduce energy

tohtd ing to
U5¢ (electricity, natural gas, etc) for heating, cooling and lighting. According

W WIT Trap

sactions on Ecology and the Environment, Vol 128, © 2010 WIT Press
Www wit }

Press.com, [SSN 1743-3541 (on-line)
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s of importance in hot climgte o
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;‘;a the basic design P“lncégmfon in residential buildings in Nigeri, ang

ent of therma idered for application in hot dry Climage
In

improvem tegies are cons

following design strd
Nigeria:

4.1 Site selection, analysis a

ilable locally within a building site, Ty,

ources of energy aval _ . Th
There arg, m:tn Znsd diffuse radiation from the sun, air movement from wings o
include dire differences, biomass from vegetation, as well as geothermg] i
temperli?nl:ic sources. The site is a living .and working ecosystem (Yeang, B)
hydro-k1 ite selection, analysis and planning constl'tutg th.e ﬁrs_t step of passiye
therefore site ’ ion of environmental criteria I site selection i

: dopti : -
design strategy. Adop f other stages directly. The most appropriate

ional with success 0 . A
gzgll)gg:;lllaeconomic and physical fit between site, building development and the

resulting cultural landscape is a product of sound site analysis and assessmen,t_
Hence, a careful site assessment can enal?le developers to capture the lands
potential views, solar access, natural 'd.ramage opportunities, natural ShE}d.lng
through vegetation, cooling from prevailing wmd.whlle minimizing or avoiding
damage or disturbance to the site and surrounding areas. .Therefore a proper
understanding and analysis of the site resources, re:latlonshlps, and constramts
will enable the designers to maximize energy efficiency while conserving and
restoring ecological and cultural resources. UNEP [4] warns that improper
planning of the site can result in ‘heat island effect’.

nd planning

4.2 Building orientation

In Northern Nigeria, proper orientation of most houses are not given due
considerations. Properly oriented buildings take advantage of solar radiation and
prevailing wind. According to Gut and Ackerknecht [5], the longer axis of the
building should lie along east-west direction for minimum solar heat gain by the
building envelope. Wong and Li [6] performed field measurements and
computational energy simulations to examine the effectiveness of passive
climate control methods such as building orientation in residential buildings of
Slngqpore. T_heir results state that the best orientation for a building in Singapore
with Its tropical climate is for the longer axis of the building to lie along east-
Zx;ensfb :negtxon. The%/ also conclude that the cooling load for a residential building
o et

towards east- west directi re on orienting the longer axis of the building
, _ lon, as suggested Wong and Lj t always be

possible, especially due to actual orientati > ! o e it
itself is longer on the west and east %n e plsile; ot i when e Slde
more attention because jt heat i the e ch & case, the west facade need
S Up n the afternoon and important rooms such as

@ WIT T ransactions on Ecology and the Envi
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erally used later during the day wh "
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office: 1 suscholds occupy the major rooms. oming when
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o
53 Serface

space inside a building that needs to be

e\'¢)|‘1:1i"‘)3 ?fiﬁ: the arca of the envelope enclosing }:ﬁztc‘i)ﬁ\; ;gole&? and its

formance of the l.)uilding. This parameter, known as the Q,fs/ (emsf -
m'.,mmc) ratio, i determined by the building form. For any gi\\;en ;zf‘(:;;e-
:o-l‘l‘mc the more compacts t!\c shape, the less wasteful it is in gainin g/ “0 ing
;‘;3: HL-nCCs in hot, dry, regions and cold 'climates, buildings are (:ompa:tmi%1
form with 3 Jow S/V ratio to reduce heat gain and losses respectively. Also, the
puilding form determines the airflow pattern ar.ou'nd the building, directly
gffecting its ventl!atlgn. 'The.: depth of a building also determines the
requirements for artificial lighting - greater more the depth, higher the need for

artificial lighting and greater the energy demand of such building.

to-volume ratio

elations!
!

4.4 Room orientation and floor plan zoning

According to Gut and Ackerknecht, the arrangement of rooms depends on their
function and according to the time of the day, they are in use. Watson and Labs
[7) have claimed that a hogse can be made more energy efficient if it is planned
according to solar orientation and prevailing wind direction. However, they did
specify how much energy saving is possible through such planning. Overheating
due to solar radiation is the prominent problem in Northern Nigeria especially in
Bauchi during the dry season in the daytime. Givoni [8] points out that cross-
ventilation can be used to enable faster cooling and better ventilation. He stresses
that building layout which provides good potential for cross-ventilation is more
appropriate for developing countriss in hot-humid regions where the vast
majority of people cannot afford to buy air conditioners. He recommends a
spread out building with openable windows to facilitate cross-ventilation.
According to Gut and Ackerknecht, bedrooms can be located on the east side
where it is coolest in the evening. Rooms which are in use for most times of the
day, such as living rooms should be located on the northern side. Stores and
other auxiliary spaces should be located on the disadvantaged side, mainly on the
western sides. Provided the kitchen is used during morning and midday hours, it
can be located on the west side as well. Rooms with high internal heat load, such
s kitchens, should be detached from the main rooms. The usual trend for
orientation of rooms in residential buildings of Nigeria is to give maximum

priority to master bedroom followed by other bedrooms.

45 Building envelope

windows and floor.

distribution within a
uilding envelope.

H

nle enters and leaves a home through the roof, walls,

Ommal walls, doors and room arrangements affect heat
€. These elements are collectively referred to a5 the b
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4.6 Utilizing natural resources as building materials

Generally materials used in modern buildings gbst.ruct t!‘le‘ﬂow of air, makir]g
he of mechanical ventilation essential. In Nigeria, buildings are.usugfny byllt
with © times, the use of local materials is being

with cement blocks but in recent 1 S ) o (UG
promoted and a lot of research is being done into its efficiency and sustainability

for achieving good indoor climate. In almost all.localities, nature has provideq us
with some good quality materials to build with and some gf these materials
require little processing or transporting. Some of these materials are renewable
resources like trees and straw, and some may be so abundant that their supply
seems almost inexhaustible like rocks, clay and sand. One of the beauties of
building with local materials is that they seem to fit well with the feeling of the
place naturally (Hart and Hart, [10]). Fortunately, most of these materials are
readily available in Nigeria but are not used optimally. The issue of indoor
temperature and energy use is often dependent on the building materials. Mud
brick (adobe). is an extremely valuable building material, useful for both walls
and floors. It is composed of between 20 and 30percent clay, with the rest mostly
:zl:li).e Salied:n sa(;;lll lsfcom(;n_on }:n many areas of Nige'ria, though buildings made of
it i reasor): oug fm the northern part and this has been mostly adopted for

s and for a good indoor temperature due to the extremely high

ea. Irr_espective of where the mud bricks are used,
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m advantage of the fact that small chan

ximu ges in mean )

; n:iUfeS have a far greater effect on the comfort of the occupan::dtl}?“t
temﬁz: changes in air temperatures | n
sim!

) Natural ventilation

. . in hot climate can q.uickly beco_me uncomfortable for its inh
megtrem e heat that is built up by midday. That is why it is important for the
the-lg)i(ng structure to have effective ventilation and an internal temperature below
bui utdoor level. Natural ventilation keeps the air moving within the indoor
the 'oonment and, therefore, keeps the inhabitants cooler even without the use of
enVir wong and Huang [11] made a comparative study on the indoor air
en;%. of naturally ventilated and air-conditioned bedrooms of residential
gt:ildings in Singapore. They observed that CO2 levels of bedrooms using air
conditioners are consxsteptly lngher than tho;sg utilizing natural ventilation,
Thermal comfort comparison of the '<’lll‘~.00ndltl.0f1€d bedrooms and naturally
ventilated bedrooms indicate l'hat .l'he '<‘ur~c<md|t|.oned bedrooms are usually
substantially overcooled. resulting in extremely high PPD (Percentage People
Dissatisfied). W hereas, in natural ventilated bedrooms, the utilization of fans was
wfficient to achieve the required thermal comfort. They also found that
occupants utilizing  air conditioncrs‘ exhibited more SBS (sick building
syndrome) symptoms than those utilizing natural ventilation. Liping ef al. [12]
also conclude that natural ventilation is an attractive alternative to reduce the
associated problems with air-conditioned buildings because natural ventilation
has potential benefits such as reduced operation costs, improved indoor air
quality and satisfactory thermal comfort.

abitants with

5 Application of design elements for natural cooling in
residential buildings

Some common design elements that directly or indirectly affect thermal comfort
conditions and thereby the energy consumption in a building includes:

3.1 Landscaping, vegetation and greenery

Landscaping is the most under utilised area of domestic architecturf: in spite of the
fact that it is probably the cheapest and most effective way of improving yeacr1
round comfort and energy efficiency. In Nigeria, vegetation grows .rapldly aroun
and can be use as an architectonic element either vertically or horizontally in the
shape of pergolas, screens, vegetated atriums, patios, flower pots, and others, ll:‘
order to create microclimates and to favour architectural design. Intemfilli anis
eXternal vegetation could be considered as a potential design element. The‘l e; »
o use it as an essential characteristic to reflect the architecture of the area f;md .
Produce the benefit of a microclimate that adapts buildings to their t“t;r:fwhol 4
“Vironment. The use of vegetation provides shade and freshness almos

: screens, 2
Year. When the buildings in hot climates are surrounded with vegetated

Wit Tr?}"Sﬁcﬁons on Ecology and the Environment, Vol 128, ©2010 WIT Press
WWW.witpress.com, ISSN 1743-3541 (on-line)



;]0 Eco—Architectlxrclll
. ¢ building from sun rays is achj ,
| that isolat , Cved, Ry,
natural hng}frfowl e the peneficial effects o trzes and Vegetation, 30:355%
Taheri [! 3] ac s can resul in energy saving, reduction of noise g+ 1Y sty,
(hat plantation peralures and relative !lmmdlty and psychologicy| bepo"““(m
on o ELFTper re plnaion o 78 S conchs e
e -
humt "S‘l s of a house can_ be reduced Dy 1070 b4'0/0 O appropry " e
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lfadequ ) '.demia' environment. P

within the rest
sed courtyard between buildings
- d thus cooling technique is th
common natural ventilation an . e ue
At:izth:;d courtyards. Courtyards can reduce thf? coplmg energy needs 2;
?csidential buildings in a very significant way especially if carefully designeq.

on of fountain between buildings

wers indoor air temperature by evaporating water. It js
limate where the atmospheric humidity is low. I

evaporative cooling, the sensible heat of air is used to evaporate water, thereby

cooling the air, which in turn cools the living space of the building. Increase in
contact between water and air increases rate of evaporation. The presence of a
water body such as a pond, lake, sea etc. near the building or a fountain in a
courtyard can provide a cooling effect. This process is called adiabatic with no
heat being gained or lost (fig 7).

5.2 Enclo

5.3 Introducti for evaporative cooling

Evaporative cooling lo
effective in hot-dry ¢

: \[ Interior couryard |
4__L/\ Shading ﬁ'o,/\

Whise vegetation

exterior 7

surfaces <‘_‘T ’ gé .
Cooler air enters / i
building interior Fountain — adiabatic

cooling
—

Figure 7. Evaporati
‘ porative cooli L
buildings. 'ng through the application of a fountain between
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C onclusions
6

.« will cause ﬂ‘e_”"a_' disgomfort if an effective strategy is not adopted to
;;uild'"gs oxtra heat going into it. O}]t of_' the numerous passive design strategies
uce mcm}en adopted by others in different climates, only those strategies
(hat have .1 his study have been chosen that can meet the purpose of this study
Jiscuss be applicd in the context of hot dry climate of Nigeria. The strategies
an ir.tai“ only to possible energy savings and enhancing low ener
clec ,) i tropical climate. By adopting the above mentioned design
archﬂcf“ s will limit the energy demand for cooling and will also result to an
te 'esarchitecfure to the climatic environment which will encourage

adaptation design solutions for building professionals in hot-dry climate,
jnnov
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