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Abstract

Climatic considerations in the architectural design of most contemporary
buildings have not been strictly adhered to by building design and construc-
tion professionals in the last few decades in the developing world, with users
being denied the inevitable interactions with the natural surroundings offered
by climate. The situation leads to utilization of energy-based equipment such
as air conditioner that is environmentally unsustainable. The study aimed to
evaluate the bioclimatic design features of residential building typologies and
to identify features that can enhance the environmental responsiveness of
buildings. This study adopted the Mahoney Tables to undertake a climatic
analysis to develop appropriate design guidelines for the climate context. The
developed design guidelines were then used to evaluate the bio-climatic de-
sign features of a sampled number of residential building types. The study
revealed that features of the buildings reflect the recommended design guide-
lines, but to varied extents among the building typologies that were studied.
Occupants generally find their spaces unsatisfactory primarily as a result of
the experience of hot discomfort. The findings are expected to engender a re-
newed interest in the design of buildings in response to prevailing climatic
conditions to reduce reliance on energy use and to serve as a useful reference
for contemporary architectural design practice and education.
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1. Introduction

In the search for efficient shelter that provides comfort in an uncomfortable and
changing climate, man has since ancient times adapted dwellings to the climate
of a place. During the 1970s energy crisis, passive technologies that employ the
use of natural energies to reduce the use of non-renewable energy to run build-
ings were developed [1]. For over 45 years, the energy crisis persists in many de-
veloping countries, and the deployment of passive technologies is still very low.

It is widely recognized by the global scientific community that energy con-
sumption from non-renewable sources, such as oil or coal, is responsible for
producing large quantities of Greenhouse Gases (GHG’s), particularly CO,,
which is largely responsible for global warming [2]. Moreover, Ganem [1] assert
that the industrial revolution led to the architectural modernist movement, in
which, emphasis was placed on the efficiency of the form-function concept, with
the incorporation of artificial ventilation and lighting devices and auxiliaries.
Regarding the principles of sustainability, the use of conventional mechanical
systems to attain acceptable comfort levels was questioned by [3] in fragile
economies of developing countries.

Traditional buildings in the southern part of Ghana which is a predominantly
warm-humid environment are developed with three notable characteristics: 1)
outward-looking terraces and open courtyards; 2) steeply pitched roof with wide
overhangs; 3) large and fully openable windows [4]. The outward-looking ter-
races and open courtyards making up approximately 50% of the total floor area
which serves as space for outdoor activities were an important space for typically
extended families. The steeply pitched roof with wide overhang provides shade
and protects buildings from rain. The large windows allowed efficient air
movement for natural ventilation. The design of the traditional buildings was
predominantly low rise with shallow plan buildings to allow vitiated air to be
easily exhausted to the outside [5].

The bulk of the housing stock of Ghana in cities such as Accra and Kumasi are
developed in the form of single-family houses on residential plots [6]. Most of
the housing stock have adopted temperate style glass-clad buildings into the arc-
hitectural character that exacerbates the uncomfortable conditions experienced
in buildings [7]. Moreover, the windows of most of the new houses are not
shaded, resulting in easy penetration of the sun rays into living spaces. As a re-
sult, spaces in buildings assume very high temperatures without the use of an
air-conditioner. Consequently, hot micro-climate is induced in dense areas of ci-
ties which in effect discourages the use of natural ventilation because the build-
ings lack free movement of air. Natural ventilation has been replaced by air con-
ditioning in the name of “modernity”. The above contributes to high energy
consumption in buildings.

There is an urgent need to design buildings to reduce energy consumption
because of the increasing cost of energy in Ghana. The current building design

practice in Ghana necessitates the development of a guide that can help build
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design professionals with the best design parameters for achieving a safe and
sustainable environment for the warm humid climate of Ghana. A number of
studies have been carried out to develop climatic responsive building design
guide for specified regions [8] [9] [10] [11]. Koranteng et al [12] sought to find
out among old or new educational and administrative buildings which were
constructed based on climatic design principles of the warm and humid climate
to make them thermally comfortable. Consequently, this study aimed to evaluate
how selected residential building typologies conform to the requirements of the
bio-climatic design features of the warm-humid climate of Ghana. The studied
residential buildings were selected to be able to compare the level of conformity
among building that were designed by building design professionals and ones
that were not. Within this context, the socio-economic and cultural needs of the
occupants can be met through the provision of an environmentally safe building
that reduces energy consumption in buildings for the warm-humid climate of
Ghana.

1.1. Climate of Kumasi

Kumasi is in the tropical humid forest zone of the middle belt of Ghana and has
a warm-humid climatic condition. Furthermore, the Kumasi Metropolitan As-
sembly as cited in [13] lies at an altitude of 250 - 350 m above sea level with an
average humidity in the range of 60% to 84% depending on the season. Meteo-
rological records from the Ghana Meteorological Agency have it that, the daily
average minimum and maximum temperatures of Kumasi are 21.5°C and
30.7°C respectively. Kumasi experiences two rainy seasons: March to July and
September to October, with an average total rainfall of 107.9 mm [13]. Table 1
presents the Mean monthly climatic data of Kumasi based on 2007 to 2016 data
from the Ghana Meteorological Agency.

1.2. Bio-Climatic Design Features for Buildings in the
Warm-Humid Climate

Bio-climatic architecture relates to the design of buildings in harmony with the
environment to as much as possible achieve high energy efficiency, whilst

adapting the building to the local climatic conditions, techniques and materials

Table 1. Mean monthly climatic data of Kumasi.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

max 333 34.0 33.6 33.0 32.1 30.5 29.1 285 29.7 31.2 322 324
Dry Bulb

Temperature min 21.4 22.8 23.0 23.0 229 225 219 21.8 221 221 226 222

Q) range 119 11.2 106 100 92 80 72 67 7.6 91 9.6 10.1

. max 80.2 90.6 93.0 944 953 958 957 952 96.6 96.8 959 934
Relative

Humidity min 38.0 46.9 534 590 61.8 67.0 702 704 702 650 584 494

0
(%) average 59.1 68.7 732 76.7 78.6 814 830 822 834 809 77.1 76.7

Rainfall (mm) 299 769 112.0 146.1 163.4 247.9 133.4 60.7 189.4 169.4 56.5 25.7
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available to reduce the reliance on mechanical systems for thermal comfort [14].
Bioclimatic architecture creates an environment with satisfactory comfort levels
by establishing an adaptive balanced relationship between the inner and the out-
er space [3]. According to [3], when there is a large difference between the
air-conditioned environment and the outdoor environment, the discomfort felt
by the occupants may be very high. Some documented bio-climatic design tech-
niques meant to achieve the climatie responsible building design for the
warm-humid climatic conditions in general are discussed in the following para-
graphs.

Gut and Ackerknecht [15] identified design objectives for the warm-humid
climate such as: 1) storing as little heat as possible in the structure in order not
to cause undesirable re-radiation of heat at night; 2) continuously promoting ef-
ficient ventilation; 3) preventing radiant heat entering spaces during daytime by
having the appropriate design features to do so; and 4) providing protection
from the rain.

In warm-humid climate zone, orienting a building to exclude excessive solar
radiation should be a major consideration of any designer [5]. Lorraine [16] and
[17] recommended that, openings leading to activity zones are best placed facing
the north and south and towards the prevailing wind direction. Thus, the best
orientation for protection from the sun is along the east-west axis [15] and [18].
Lorraine [16] points out that orientation is directly linked with possible solar in-
gress, the prevailing wind direction and daylighting and therefore every facade
of a building must be treated in different ways. Watson and Labs [19] claimed
that a building can be made more energy-efficient if it is planned according to
solar orientation and prevailing wind direction. A building may also be oriented
considering factors such as daylighting, views, access, noise exclusion and pri-
vacy [16] and [20].

Among the various bioclimatic design techniques, shading which is the me-
thod of blocking or minimising the effects of solar ingress on the internal spaces
of buildings is considered to be the most important and effective technique [21]
[22] [23]. Since it is inevitable to prevent penetration of the sun’s rays and heat
through building elements such as roofs, walls and windows into the interior
spaces, some techniques must be introduced to provide shading of the building
elements [21] [23] [24]. Kamal [21] [22] and [23] outlines the use of recesses,
static or moveable blinds or louvres on the exterior of the building envelope; and
permanent or transient shading by surrounding buildings, screens or vegetation,
deep verandas; wide overhangs and covered passages as effective methods of
shading a building from the effects of direct solar radiation.

Air movement is induced by either pressure difference or temperature differ-
ence and hence the creation of differences in air density to cause air to flow from
one point of a building to another [25] [26] [27]. Raydan and Melki [20] explain
that the movement of air within a space accelerates convective and evaporative
cooling rates, thus inducing physiological cooling effect. Air movement also car-

ries away exhaust gases, odour, mould spores, pollutants, and microbial reser-
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voirs which imparts indoor air quality [26]. Gut and Ackerknecht [25] stipulate
that in dense settlements, it is difficult to provide privacy as well as allowing the
free flow of air. Gut and Ackerknecht [15] and [17] observed that, buildings ele-
vated above the ground on stilts are better ventilated. Eusebius [10] further
recommended that rooms should have a single-banking configuration with
windows to ensure cross ventilation. In instances where the double-banking
configuration is employed, temporary cross ventilation is achieved and ensured
when the room height is greater than 2.75 m.

Eusebius [10] states that building skin for warm-humid climates should be
made of materials of low thermal capacity. Due to the relatively narrow diurnal
temperature fluctuation of the warm-humid climate of Kumasi, it is not possible
to achieve significant cooling by utilization of the thermodynamic properties
of building components. Depending on the diurnal temperature differences, a
reduction of the daytime indoor temperature by 0.7°C - 3.0°C may be possible,
with a time lag of about 2 to 5 hours [28]. Oppong and Badu [29] identified
that the most extensively used materials for building walls in the warm-humid
regions of Ghana are cement-sand blocks and corrugated metal sheets for
roofing.

The form and configurations of buildings in the warm-humid region are in-
fluenced by ventilation and the path of the sun and the prevailing wind direc-
tion. Givoni [30] points out that a spread-out building layout with openable
windows is more appropriate for regions with hot-humid conditions and has a
good potential for cross-ventilation, especially because the vast majority of
people cannot afford to buy air conditioners. Furthermore, [15] highlights the
fact that in warm-humid climates, spread-out settlements with a grid-iron pat-
tern and building forms with large surface areas are preferred to compact build-
ings.

Eusebius [10] recommends that all buildings should be in north-south orien-
tation and rectangular to reduce the exposure to the sun. By this, only a small
area of the building will be exposed to solar radiation, thus creating comfortable
interior conditions for occupancy. Szokolay [31], alludes that aspect ratio which
is the length of a building in relation to the width has a great influence on the
thermal performance of a building. Szokolay [31] further recommended an as-
pect ratio of 1:1.3 to 2.0 for elongated buildings depending on the climate, whe-
reas [19] also recommend a ratio of 1:1.64, with orientation ceasing to be critical

when the resistance of the building envelope increases.

2. Study Setting and Approach

The study adopted a qualitative approach as it sought to explore the level of
conformity of residential buildings to climatic responsive building design prin-
ciples since very little research has been done on the subject matter in the region
of study [32]. A three-stage process was adopted for the study. The first stage
involved a diagnosis of thermal stress of the climate of Kumasi and identification
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of remedial actions and the evolution of bioclimatic design recommendations
for the warm-humid climate of Kumasi using the Mahoney Tables. The second
stage was an evaluation of the features of selected buildings in Kumasi to assess
if they meet the recommendations spelt out in the first stage. The third stage in-
volved an assessment of levels of satisfaction of a sampled number of occupants
using their responses on indoor thermal comfort.

Kumasi, the study location, is the capital city of the Ashanti Region and is the
second-largest city in Ghana. Kumasi is home to a major commercial and an
industrial centre, with a huge timber processing community that serves the
needs of people in Ghana. Kumasi is approximately 500 kilometres north of the

equator and 200 kilometres north of the Gulf of Guinea.

2.1. Study Buildings and Sources of Data

Three sets of data were obtained to achieve the aim of the study. The first was
climatic data comprising the monthly mean minima and maxima of air temper-
ature, relative humidity and rainfall for Kumasi from the Ghana Meteorological
Agency in Accra. The study also employed the observation of the features of se-
lected study buildings from communities comprising four (4) each of Govern-
ment-Owned Houses, Single Family Private Houses and Indigenous Compound
Houses. The Indigenous Compound House and the Single-Family House types
were selected to be studied because they constitute the largest proportions of
housing types in Ghana with percentages of 51.5% and 28.7% respectively [33].
However, they are largely procured through the informal approach and not de-
signed by professionals. The Government-Owned housing type was studied be-
cause their procurement is handled by building design professionals. The selec-
tion of the Indigenous Compound House and the Single-Family House types on
one end compared to the Government-Owned housing type provides a basis to
assess the level of compliance of buildings procured through informal and for-
mal procurement approaches to the recommended bioclimatic design features of
the region of study.

Features of the study buildings that were observed included their orientation,
window openings and sizes, air movement patterns, wall thickness, shading de-
vices and methods, and general arrangement and organisation of spaces, as done
by [10]. The studied buildings have a varied number of bedrooms and support-
ing spaces. Table 2 presents the characteristics of buildings of study. The blocks
are of single and two-storey heights and made of sandcrete blocks in a reinforced
concrete post and beam frames, and sundried bricks. Some of the study build-
ings are shown in Figures 1-3. The buildings have various roofing systems;
mono-pitch, double pitches and flat concrete roofs with parapet walls, which add
to the external aesthetics. The average spacing between the various blocks is be-
tween 6 and 12 meters. Residents of the communities in which study buildings
were selected formed the research population. The major data collection method

used was questionnaires among a sample size of 50 occupants. The residents
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Table 2. Characteristics of buildings studied.

Building Roofing Wall Window
Building T Massi
No. uiiding 2ype assing Covering  Material Type/Material
1 Single storey
detached 2 bedroom
5 Single storey,

6-Unit row housing Corrugated 150 mm Plain Louvre

Government-Owned lumin deret blades in
aluminium  sandcrete
Houses Three storey, aluminium
3 2-bedroom sheets blocks K
carriers
apartment

Three-bedroom

duplex
5 Single storey Plain Louvre
detached 5 bedroom blades in
p Single storey Corrugated alumiflium
Single Family detached 3 bedroom Aluzinc 150 mm cariers
Private Houses ; sheets with sandcrete
; Single storey blocks o
detached 6 bedroom Parapet walls Glass in Sliding
aluminium
s Single storey profiles
detached 4 bedroom
9 Single storey
courtyard house 225 mm Jalousie
sun-dried window in
10 Single storey bricks timber frames
Indigenous L-Shaped house Corrugjated
Compound Houses ; Galvanized
1 Single storey steel sheets Plain Louvre
courtyard house 150 mm blades in
sandcrete lumini
L2 Two-storey blocks aluminium

courtyard house carriers

Figure 1. Exterior view of some government-owned houses.

rated their overall level of satisfaction with comfort levels by indicating the de-

gree or extent by which they agreed or not on a scale.

2.2. Analysis of Data

The Mahoney Table was adopted to analyse the climatic data of Kumasi to eva-

luate the thermal stress imposed on the buildings. The procedures employed in
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Figure 3. Views of a courtyard of some indigenous compound houses.

using of the Mahoney Tables are explained in detail in [12] [20] [34]. The Tables
provided recommended design guidelines by using climatic data and simple
calculations in sequence, starting with the basic and monthly available climatic
data of temperature, humidity and rainfall as done by Eusebius [10], out of
which a checklist was designed to collect data on bioclimatic design features of
the study buildings for analysis. The bioclimatic design features are grouped
under layout, spacing, air movement, size of openings, protection of openings,
positions of openings, walls and floors, roofs, rain protection and outdoor
sleeping and relaxation bioclimatic design features and analyzed within the con-
text of the study objective. Data collected were converted into percentages and
analysed using Microsoft Office Excel and the results were then summarized

within the context of the study objectives.

3. Results and Discussions

The results of the study are presented and discussed in this section. They are or-
ganized in three segments: 1) The recommended bio-climatic design guidelines
for climate-sensitive building designs for Kumasi; 2) The evaluation of the
bio-climatic design features of the selected buildings typologies; and 3) Sum-
mary of residents’ level of satisfaction with indoor comfort conditions.

3.1. Bio-Climatic Design Guidelines for Climate-Responsive
Building Design in Kumasi

This section discusses the recommended bio-climatic design guidelines to
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achieve a climate responsive building design for the warm-humid climate of
Kumasi. The specific recommendations are presented in Table 3 under layout,
spacing, air movement, size of openings, the position of openings, protection of
openings, walls and floors, roofs, outdoor sleeping and rain protection. For the
climate of Kumasi, buildings should be rectangular shaped and oriented with the
longer sides along the east-west axis orientation. With this orientation, the walls
will receive less solar radiation in comparison to other orientations. This affirms
[5] assertion that, direct sunlight must be excluded from the fenestration and

window shades should be designed in such a way to cut off sun-rays.

Table 3. Recommended bio-climatic design guidelines for Kumasi from the Mahoney ta-

bles.

1. Layout:

long axis along an east-west orientation
rectangular-shaped buildings
non-compact courtyards

2. Spacing:

non-compact open spacing planning
protection from hot winds

3. Air movement:

single-banking rooms for cross ventilation
permanent ventilation
room height greater than 2.75 m

4. Size of openings:

medium openings covering

6. Protection of openings:

shade to exclude direct sunlight
deep verandas
wide overhangs

7. Positions of openings:

windows in north and south walls
windows at human body scale

8. Roofs:

Light material
reflective surface
well-insulated roof with cavity

9. Rain protection:

protection from heavy rains needed

40% - 80% of wall areas
avoiding openings in west walls

adequate rainwater drainage
covered passageways

5. Walls and floors: 10. Outdoor sleeping and relaxation:

no provision for outdoor sleeping required

lightweight material P ping red
. space on top of roofs

low thermal capacity . . .
balconies or in patios

Another essential element that is required in all the twelve months of the year
in the climatic condition of Kumasi is air movement. Air movement is impera-
tive for continuous ventilation to promote efficient evaporation of moisture
from the skin because of the prevalence of high relative humidity levels of the
warm-humid conditions [20]. The need for continuous ventilation affects build-
ing design aspects such as the layout of the buildings, orientation, and the size
and location of windows [35]. At the layout planning stage, buildings should be
openly spaced and oriented to take advantage of the prevailing wind direction.
Moreover, rooms should have a single-banking configuration with windows to
maintain cross ventilation. Window and other openings should have a total area
to achieve a window-to-wall ratio in the range of 25 - 40 percent. All windows
and openings should at best be in the northern and southern walls and placed at

human body scale to ensure effective ventilation of occupants. They should have

DOI: 10.4236/jbcpr.2021.92012

178 Journal of Building Construction and Planning Research


https://doi.org/10.4236/jbcpr.2021.92012

S. Amos-Abanyie et al.

appropriate shading elements for protection from direct sun-rays.

Furthermore, in the warm-humid climate of Kumasi, the walls and roof
should be constructed of lightweight materials that have low-thermal capacity.
Adoption of cavity walls or composite walls may be very helpful in controlling
the heat transfer from the outside to the inside of the building [36]. Thermal
storage is not found to be essential for this region. This is supported in an earlier
study by [28] that established that the warm-humid climate of Kumasi expe-
riences diurnal temperature range of below 10°C. Moreover, the roofs should
have a reflective surface and be constructed with a cavity for insulation. The
roofs of buildings should be designed with an adequate slope for easy runoff and
rainwater drainage system to protect buildings from rain considering the inten-

sity of rainfall recorded in this region.

3.2. Evaluation of Bio-Climatic Design Features of Residential
Building Typologies

As specified in the recommended design guidelines for Kumasi, Eusebius [10]
also recommends that all buildings should have an east-west axis orientation.
Inferring from Table 4, about 67 per cent of the studied buildings conform to
the recommended orientation for Kumasi, with the long sides of the buildings
aligned to the east and west axis. The field observations revealed that the orien-
tation for the other buildings was informed by factors such as the direction of
slope, shape, access and the orientation of the land. Majority of the Single-family
housing units are oriented with their entrance facades facing the access road and
is found not to appropriate. However, at the community level, access roads to
buildings happen to be aligned to the north-south axis and placed on either the
eastern and western boundary of the site.

The recommended design guidelines also specify the adoption of rectangular
shape for Kumasi to reduce the exposure of buildings to the sun. The sin-
gle-family private houses have configurations with aspect ratios of close to 1:1 as
shown in Figure 4. The observed configurations are not supported by [19] and
[31] recommendations of having elongated buildings with an aspect ratio of be-
tween 1:1.3 to 2.0 for the tropics.

With respect to the placement of windows, all the studied buildings had
openings placed within human body scale which fulfils the recommended design
guidelines to foster physiological cooling. Even though the majority of the
buildings studied had good orientation, about 70 percent of them had windows
on the eastern and western walls in addition to that on the northern and south-
ern walls. The four indigenous compound houses studied had a courtyard con-
figuration with rooms on all four sides as shown in Figure 5, thus having open-
ings exposed to the east and west. The placement of windows could be attributed
to the inappropriate aspect ratio that was adopted for the design of the buildings.
In spite of 70 per cent of the studied buildings having windows on the eastern
and western walls and not conforming to the recommended position, no efforts

are made to shade the windows as recommended by [21] and [23], thus leading
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Table 4. Bio-climatic design features of residential building typologies of Kumasi.

Building No. 1 2 3 4 5 6 7 8 9 10 11 12
Building Typology Government Owned Single Family Private Indigenous Compound

Layout

East-west axis orientation Yes No  Yes  Yes Yes Yes No Yes No Yes Yes No

Rectangular shape Yes Yes  Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes

Use of courtyard No No No No No No No No Yes Yes LS Yes
Spacing

Between Blocks (m) NA NA NA NA 5.5 6.0 6.4 6.1 2.5 2.7 2.5 2.5

Overall height (m) 2.9 3.2 9.1 6.5 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0

Air Movement

Single-banked rooms SB DB DB SB SB DB DB SB SB DB DB SB
Air-conditioned (some) No No No AC No No No No No No No No
Size of Openings

Window-to floor ratio (%) 34.6 60.4 62.7 57.1 27.9 34.0 16.7 12.2 33.4 50.0 23.4 19.6

Positions of Openings

In North and South walls Yes No Yes  Yes No Yes Yes Yes Yes Yes Yes Yes
In west east walls No Yes No No Yes No Yes Yes Yes Yes Yes Yes
Windows at human body scale Yes Yes  Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes

Protection of Openings

Type of window width of overhangs LV Lv LV LV LV SL LV SL JL LV JL LV

Walls and Floors

External Walls (light weight) SC SC sC SC SC sC sC sC SDB  SDB SC SC
Internal Walls (light weight) sC sC SC sC sC SC SC SC SDB  SDB SC SC
Floors MC MC MC MC MC MC MC MC MC MC MC MC
Roof
Roof Type AL AL AL AL AZ AZ AZ AZ GL GL GL GL
Reflective and Light material Yes Yes  Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes
Insulated/Ceiling Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes
Parapet No No No No Yes Yes No No No No No No
Outdoor Sleeping
Foyer or patio No No No No No No No No Yes Yes Yes Yes
Veranda Yes Yes  Yes  Yes Yes Yes Yes Yes No No No No
Space on top of roofs No No No No No No No No No No No No

Rain Protection
Covered passages No No No Yes No No No No No No No No

Rain Gutter/Pipe No No No No Yes Yes Yes Yes No No No No

LEGEND: SB—Single Banking; DB—Double Banking; SDB—225 Sun-Dried Bricks; SC—150 mm Sandcrete Blocks; MC—Mass Concrete Slab;
AC—Air-Conditioning; LV—Louvre Blades Window; JL—Jalousie Window; SL—Sliding Window; AL—Aluminum Roofing; Az—Aluzinc Roofing;
Gl—Galvanized Roofing.
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Figure 4. Ground floor plan of some single-family housing typology.

Figure 5. Ground floor plan of an indigenous
compound housing typology.

to direct ingress of solar radiation. The government-owned houses, had their
windows predominately placed in the northern and southern facing walls.

All the twelve (12) buildings studied conformed to the recommended design
guidelines for Kumasi with respect to spacing of buildings to facilitate air
movement. Nine of the buildings studied, representing 75 per cent had spacing
ranging from 3 to 10 metres. This conforms to the minimum of 3 metre spacing
from a building wall to the boundary of the site as stipulated by the National
Building Regulations (LI 1630) of Ghana. Besides allowing free movement of air,
this minimum distance will also facilitate the movement of fire tender in case of
an emergency. None compliance to building regulations results in buildings be-
ing close to one another, thus hampering effective air distribution. Gut and
Ackerknecht [15] further recommended the use of perforated walls for fencing
in order not to impede air movement. From the results, it is observed that the
single-family housing typologies resorted to the use of solid fencing as a means
of security and demarcation of their property boundaries. The use of perforated
walls for fencing could undermine privacy, besides associated security issues.
The government-owned housing, however, has trees and shrubs defining their

boundaries which do not completely impede air movement.
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About 60 percent of the buildings studied, largely the indigenous type, have a
single-banking configuration with cross-ventilation as specified in the recom-
mended guidelines for Kumasi, and 40 percent of the buildings have a
double-banking configuration. The analysis revealed a trend where the sin-
gle-family housing units, which are the most recent developments, have reduced
window-to-wall ratios (Table 4). The derived recommended design guidelines
specify window-to-wall ratio of 40 - 80 per cent for Kumasi. From Table 4, only
33 per cent buildings conformed to the recommendation, with 67 percent having
ratios below the range. The buildings with window-to-wall ratios below the
recommended range are largely among the single-family private housing typol-
ogy. Interestingly such spaces have higher occupancy densities and the function
of the spaces double as both sleeping and living areas, as observed by [37].
Moreover, the single-family private housing typology adopts the use of sliding
windows systems fabricated with aluminium profiles. Adoption of sliding win-
dow profiles does not allow full utilization of the entire opening aperture to faci-
litate air movement [7], thus leading to poor ventilation of spaces. Respondents
through the questionnaire claimed and attributed the small size of windows to
the relatively high cost of the aluminium profiles.

Majority of the buildings studied had sandcrete blocks as the envelope materi-
al, as identified by [29] as being the most extensively used building material for
building walls in the warm-humid climate. Sandcrete blocks are of a low thermal
mass character which avoids overheating in response to relatively higher night-
time temperature and low diurnal temperature range of the region. Inferring
from the evaluation made on roofs of the studied buildings, all the buildings stu-
died conform to the recommendation with the buildings protected against rain
by using roof with adequate pitches of roof in response to the relatively high in-

tensity of rainfall recorded in the region.

3.3. Level of Satisfaction of Residents with Indoor Comfort
Conditions

Overall, about 68% of the respondents complained about the experience of hot
discomfort in their rooms during the day without the use of fans to aid in air
movement. About 19 percent of the respondents mainly within the govern-
ment-owned housing type rated ventilation levels in their spaces as good with
the aid of fans. Thermal comfort conditions had very low percentages of 19 and
5.7 representing good and very good conditions respectively of mostly occupants
in the recently built single-family private houses. About 50 percent of the res-
pondents are of the view that the window sizes of their buildings are small when
asked about their perception of the size of their window. Respondents indicated
that, they mostly rely on fans throughout the day to achieve thermal comfort.
According to [5] and [20], the use of fan provides an auxiliary system to obtain
comfort through natural ventilation in tropical regions to enhance convective

cooling and evaporation of moisture from the skin.
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About 54.3 percent of the respondents expressed general satisfaction with
natural lighting levels in their homes. Respondents from the indigenous com-
pound houses, largely expressed dissatisfaction with the level of natural lighting
in their spaces during the day, without the use of supplementary artificial light-
ing. The poor lighting levels in their spaces could be attributed to low win-
dow-to-wall ratios as revealed in the field observations, poor reflectance of sur-
faces and use of curtains for privacy in spaces [38]. A lighting audit will need to
be carried out to determine the appropriate lighting levels to ensure the visual

comfort of occupants.

3.4. Implications of the Findings

The theoretical understanding of the bio-climatic design features for the
warm-humid climates revealed by the study offers good knowledge that can in-
form education on climate responsive building design. Olotuah [39] captures the
essence of this observation by asserting that architectural education, and by ex-
tension the practice of the profession, must not only be appreciative of the cli-
mate of a place, but must also be informed by it. Furthermore, the findings of
the study provide a veritable platform for the application of climate responsive
building design concepts. However, this is possible only if buildings are planned
from the outset to counteract climatic extremes. The configurations of the
buildings studied revealed that basic concepts such as aspect ratio, orientation,
window-to-floor ratio, shading, among others were applied in the govern-
ment-owned buildings that were designed by professionals, but were ignored in
the single-family private house and indigenous compound house types, and
show little effort at energy conservation.

Even though the study focused on three residential housing typologies in Ku-
masi, it would not be far-fetched for one to suggest that the design of the major-
ity of buildings in Ghana do not adequately incorporate the recommended
bio-climatic design features for the conditions of specific locations since many of
the housing stock are currently being developed in the form of single-family
private houses. Without adhering to the bio-climatic design principles in the de-
sign of buildings, as seen in the findings of the study, there will be the tendency
for installation of mechanical cooling systems in the form of cooling and ventila-
tion systems in buildings to improve thermal comfort conditions [40]. In devel-
oping countries such as Ghana where the majority of the populace cannot afford
mechanical systems, occupants will have no option than to live in deplorable
conditions. Among the bracket that can afford the use of air conditioners,
awareness of the risks they pose towards a path to sustainability is low. Advocacy
on enforcement of building regulations to adapt building design to climate con-
ditions is encouraged to make it obligatory or provide motivation for building
design professionals to apply acquired knowledge in the design of buildings.

Adopting climate responsive design approaches in the design of new buildings

and retrofitting of existing ones should be treated as a fundamental component
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to the education of architectural students at an early stage in their education be-
cause of the ever-growing global concern for the use of conventional energy
sources. Conventional energy sources (oil and gas) are finite and are associated
with environmental consequences such as severe climate change due to global
warming [2]. The design of a building should aim at achieving comfortable in-
door conditions with meaningful or no use of energy, other than from renewable
sources.

To facilitate the compliance of climate responsive building principles in the
design of building, it is recommended that, the requirements on aspect ratio and
orientation of buildings should be incorporated in the requirements for building

permit acquisition process.

4. Conclusions and Recommendations

This study evaluated the bioclimatic design features of Government-Owned
Houses, Single Family Private Houses and Indigenous Compound Houses and
identified features that can enhance the environmental responsiveness of build-
ings in Kumasi, a city in the warm-humid climate of Ghana.

This study adopted the Mahoney Tables to undertake a climatic analysis to
develop appropriate design guidelines for the climatic context. The developed
design guidelines were then used to evaluate the bio-climatic design features of a
sampled number of residential building types. The study revealed that features of
the buildings reflect the recommended design guidelines, but to varied extents
among the building typologies that were studied. This study has brought to fore
the extent to which climatic responsive building design features may have been
ignored in the design of family housing units in Ghana. Occupants generally
find the conditions in such spaces unsatisfactory primarily as a result of the ex-
perience of hot discomfort in their spaces.

The findings are expected to engender a renewed interest in the design of
buildings in response to prevailing climatic conditions to reduce reliance on
energy use. This could provide a useful reference for contemporary architectural
design practice and education in Ghana and regions of similar climatic condi-

tions.
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