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APPLICATION O

: E,CJ
GWATANA, E. Gy & I?R. EZE, ' Kot
Department of Architecture, Federal University of Technology, Minna, N1g

.

SR ; g i rawn a lot of attention
In recent years, the use of sustainable design elements in residential nelghbourhoods has d

i ities. Lack of regard for
in response to the urgent need for ecologically friendly and rv:sourc;e—(':onserv1ng;;ct»lmrtr‘;t::r‘;ld i Fuians S i
the environmental effects of the built environment is one of the main issues curr nszstainable T
acoount for the majority of the world's energy use, greenhouse gas emissions, u i gl
construction methods, and infrastructure these all contribute to rising energy costs, op g s

: i i-fami i tate
: ; i istoi i ts in the design of a multi-family housing €s
footprints. The aim of this study is to integrate sustainable elemen 1uationsgand e use of case studies an d

n Abuja, Nigeria. The research was done through quaqtitative evaluati »
;uesdoimna;ms. Three hundred and eighty (380) questionnaires were administered and twodhtzn:i:;c: 32: (f;l;'tzn(ezrgy 2
questionnaires were returned and analysed. The study revealed that the respondent agree al

efficient lighting fittings and appliances in public housing and that the use of renew_able energy tSI:M:h ass tsc;ia.r pg:aelllst
could meet the energy needs of the public housing (MIS = 4.53 and 4.4?, respectively) were the mo lﬁIt]::c o
passive design strategies. The findings revealed that the most significant effect of non-green arc

components that negatively influence the overall comfort of occupants of pub}ic hou§ing av;'las (anlfgd af;rts;,ff\:::tthoaf
4 ding level of significance of 0.00, making it a statistically s1gnitic :
mean score of 4.08 and a corresponding gn b il

non-green architectural components in public housing. In conclusion, the adoption o tai] ¢ ;
in construction helps to reduce greenhouse gas emissions, thereby creating a hgalth)( living en.\llron.rnent. It is
recommended that energy-efficient features like landscaping, building orientation, sus'tal_nable matf:nal
specification, sun shading devices, and cross ventilation be incorporated into the design of bu}ldmgs,'espemally
residential buildings, to reduce running costs, lower energy requirements, and lessen the negative environmental

effects that energy has.

Keywords: Design, Elements, Housing Estate, Multi-Family, Sustainable Design

INTRODUCTION g : ‘ o
The earth's temperature has been steadily rising as a result of global warming, and this is seriously giving concern

10 human existence. Since it produces a gentle, constant temperature, the earth's atmosphere sets it apart from other
plants (Umair, 2015). The presence of greenhouse gases has an impact on this constant temperature.
Multi-family housing refers to housing developments or structures that are built to include several independent
dwelling units. It is a style of housing that offers private living quarters for a number of neighbouring homes or
families (Almahmoud and Doloi, 2020). Multifamily housing refers to a structure with more than one dwelling
unit based only on design (Gardner et al., 2020). Apartment complexes, condos, town homes, duplexes, triplexes,
and even bigger projects with several units can all be classified as multi-family housing. Common areas, parking
lots, recreational spaces, or landscaped areas are frequently included in the construction of these buildings and are
open to all occupants (Saidu and Yeom, 201 9). Multifamily housing has a variety of challenges, such as how to
appropriately manage waste created, indoor air quality through clean air and well-ventilated areas, energy
optimization, issues with social integration, and challenges with building services and maintenance (Zarghami et
al., 2019).
Given its importance to urban growth, mass housing needs to incorporate sustainable design components to lessen
its environmental effect. A sustainable design that makes it simple to address the fundamental difficulties
associated with multifamily living and this is what is meant by the term "sustainable architecture (Giyasov and
Giyasova,2018)." A concept in architecture known as "sustainable architecture" promotes the use of renewable
energy sources, energy efficiency, the safe reuse of building materials, and the placement of structures in order to
minimize their impact on the environment (Adenikinju, 2019). The components of sustainable design work
together to provide a structure or collection of buildings that fulfils all requirements for a favourable environment.
According to Zubairu (2019), passive solar design, energy optimization (the use of renewable energy), locally
sourced building materials, indoor air quality, water efficiency, waste management, and environmental e’ffect are
fprpc of}tl}llcse f'adctor;. An irLl'llovaFive c:gsign that incorporates this special ifie'fa into the difficulties of multifamily
iving will provide a hospitable microclimate for occupants as yve}l as_the building itself. The adoption of renewable
energy sources, natural ventilation, proper landscaping, building insulation, rain and storm water harvesti
proper building orientation, and exterior shading makes up some of the sustainable design elements that hels o
improve the microclimate of our environment. The govemment cannot address the housin e
. . . : A : g concermns on 1ts own
due to its severity. Public-private partnerships are therefore becoming more popula i
addressing the housing shortage and providing sustainable dwelling units (Ibemp&pAd L e Dt
Ad relates to with waste management, energy optimization, indoor air quali 11-1 W0 202N :
the use of non-renewable materials are factors that are rno,stly visible('] e in ands_caped_surroundmgs, gad
in the housing units available, the existing

28| Page
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architectural approaches have been

green architecture (Gan el al.,

ely built, It has been fou
f mass housing, necessitating the incorporation of

the 1983 oil depreciation, the
ublic mains, which

1sed the project to be abandoned due to
vater was primarily dependent on the p
rnative. These approaches also include: ignoring the culture
alternative sources of energy; and not taking into
2017). Hence The study aims to
Abuja with the intent to

for Sustainable

housing units are not eflectiv md that several poor

::dnpt-:d in the construction o
2019). The use of imported materials cau
improper waste disposal network, and the supply of v
\\\t:“l inefMicient and borehole became an expensive alte
;cs\:‘i‘:zn&lllnlfsni1\\ ll:c a‘t:li‘culmiou of S]\flCCS; not considering
ot nlc.suélnh::\lﬂcm;(js poor clcclr_u:lty sum?ly (Mchrotrg\ and Carter,
Bty mull"t‘ '.‘ & LS?{UI elements in the design of a multi-family housing estate in

ifamily public housing scheme that incorporates green architectural components.

LITERATURE REVIEW

Multifamily Housing
Aurand (2010) discov ing i i
( ) discovered that housing in multi-unit and other connected buildings, which is normally smaller

than single-family i i i
et Acco;’g:}igl:glj\c‘s_:‘;s molrcthkcly to be found in the inexpensive sub-market than the non-affordable sub-
prie e s COhlinucd( 11111cc & Al-Hafith (2012), the development of multifamily housing dates back to the
it wough the post-World War II in Europe. In the history of multifamily housing
Ap: g T
ﬁg;un;:tclgfis :dl;;n:ie ot; mu.lufan.nly h'ousing where residentia
Pamily redietisl cotl;plelir:slst.l Ztlvkowc &'Jo.vanovic (2012) said that the housing unit is a key structure in multi-
R L e Bliissi SILalet))uld, via its adaptable qrgam’sation, contribute to the quality of life in an arca.
e e s e ebs (2023)', the m_ult]fe.lmlly housing market in the USA is sizable, with over 22
By mhoed @an 1654 l-iousing : th:etf‘a a(panduulg rapidly in recent years. Between 2009 and 2019, the market grew
e refore a func!amemal physical component of the family, a core social group and
AR RE B o e fgte]f mhtern.ls of its te?chnical, economic, environmental, and demographic dem;nds
i obtainez ] ouslmg unit, in terms of the location and quantity of facade planes, has E'l
i e e s leve (?f ﬂ(?xlblll.ty and the spatial organisation of the apartment In p;'actise
Sr Caastinm (SVEre e Eousth uu‘su'lgmumt orientations that Zivkovic- & Jovanovic (2012) idenﬁﬁéd' one-sided,
housing unit has access to MOgad?;:::ntz ISR Al side of the facade), two-sided orientation'(thre the
l;fmt e S R ke T r opposite exterior sides), and three-sided orientation (where the housing
appropriately planned, multifamily housing 1 tilities 1i

e e g lowers the cost of utilities like water suppl W
multifami};y housinggltel;::zggtt}? of.th'esc proyldmg ne'tworks. Al-Jameel & Al-Hafith (Z%I; 2}’), ;E)lcs)o :;?SEI.?SOSEZ? l'?;l\?r
S e S e z'c1|ty }f c_ontmual hor:;_onta! expansion, which is brought on by single-famil
sl bl o A al:g' ;t szontal expansion will lower the cost of its infrastructure transgportaticlmy
e e constn;ctionpofa 0 51tngle—famxly housmg, multifamily housing is more econox;lically efﬁcien’t
S ber it appropﬁate hougljea er numbe':r of housing units faster, making it possible to house a greater
e Fan e i th?{ljgs. According to recent research, in order to fulfil the demand of families
rental units (Brissi & Debs, 2023 A by 2030, it would still be necessary to create around 4.6 mill

3 ). Plate 1 below shows a typical detached duplex within a multi-i:ami]y lti’(;lugi.env;

estate 5

| units are occupied by household tenants, are

7
7
Z
Z
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Problems of Multifamily Housing B, , : il

Numerous difficulties are encountered when designing multifamily housing, particularly multilevel and terrace
housing (Ahvenniemi ef al., 2018). These issues include:

i The difficulty of establishing ideal day lighting design;

n The difficulty of cross ventilation

m. Family disputes over the cleanliness and administration of common areas

w Ineffective trash management and disposal techniques
V. Security issues

! The difficulty of preventing passive fire outbreaks;

v

Building upkeep and conservation

Building Types Related to Multifamily Housing

y
Building tvpes for multifamily properties can be divided into two categories based on two criteria’s: the number
of storeys and the flexibility of the design as shown in Figure 2.1.
a) Basad on the number of floors, there are three different types of multifamily housing buildings:
L Low-nise
1. Mid-nise
1. High-nise
b) The following building styles exist for multifamily housing based on the flexibility of the design:
1 Condominiums or mixed-use houses
. Terraces
T Apartment buildings
v Detached buildings
N
- AN R \\
7 e A o ’;)'%, S R
4 " Trpiex Multpiex/ Side Stacked * Small Low-rise Mid-rise Apartmentover  High-rise
Jeeched SigHouse Attached Rowhouse Apartment Apartment Apartment Commercial Apariment
Figure 2.1: General multi-family house types
Source: Darp, (2017). i -
Nevertheless, low-

-Tise terrace, detached buildings, and a

; partmentbuildings (with a range of 1-2 su
are the building types to be considered for the purpose

spended stories)
of this study.
Terrace housing

Figure 2.2: Row terrace housing,
Source: Darp, (2017 ))
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i

A typical terrace housing type

Author (2023)

Apartment housing

Apartment buildings do not
. vary from terrace housing (S
number of dwelling units in 3
into the following;

L

I

share walls and are not planned in rows of similar building types, which is how they
anusi, 2019). As a standalone structure with a central circulation, it may house a
single block. The ‘overall building form of an apartment building can be categorized

The block: The block has more width than height. The single-
hallway. Figure 2.3 below shows a block of apartiment building

or double-loaded flats are situated off a

.

S

Figure 2.3: A block apartment building
Source: Auckland design manual (2018).

The tower: The tower has a single central core, is vertical in shape, and is higher than it is wide as shown
in Figure 2.4. There could be a base to the tower, The podium’slroof might be .pla.nted and used t.)y
apartment dwellers as a common area, A tower building is a unique type of building defined by its
significant height and verticality (Akinyode et al., 2018).
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Figure 2.4: Tower apartment building
Source: Auckland design manual (2018). » =

I The courtyard: Courtyard flats provide the 'sides' (courtyards) open areas as shown in figure 2.5. These
buildings are characterized by their centre courtyard or open space, which functions as a gathering place
for inhabitants and frequently include amenities like seating sections, gardens, and other features.

Figure 2.5: Courtyard apartment building
Source: Auckland design manual (2018).

METHODOLOGY

This research work employs the use of primary data collection method; case studies, questionnaires, checklists,
and observation guides. The F ederal Capital Territory, Abuja, was selected as the location for this study. The study
population is the entirety of all the housing components in the study area, All terrace, detached, and apartment
housing in Abuja, Nigeria, is involved. It also includes green structures that have successfully incorporated
sustainable architecture principles all throughout the world.. A case study was carried out on five existing
multifamily housing estates in Abuja, with 250 structured questionnaires distributed and analysed using SPSS
software. These individuals were selected based on their relevance to the research objectives and their ability to
provide valuable insights. The data obtained from the fieldwork was documented and organised for analysis.
Descriptive statistical tools such as tables were used in result analysis.

Table 1, shows the summary of data preparation and reliability. Three hundred and eighty questionnaires were
administered to the research population, and two hundred and fifty (250) were retrieved, representing a response
rate of 66%. After that, the data was imported into SPSS for analysis to assess its reliability, The main purpose of
the reliability test is to assess the reliability and internal consistency of the overall research data. Generally, the
reliability in terms of Cronbach Alpha for the entire data set (0.795) is good because it is greater than 0.500.

3 ol
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Table 1: Summary of Data Preparation and Reliability

Total Responses

Administered Reccived

380 250 663%

Response Rate

=

Cronbach Alpha

A

0.795

Source: Author's Field work, (2023)

RESULTS AND DISCUSSION
Passive design strategies

The results of the Mean Item Score (MIS) employed to rate the strategies for dcveloping sustainable practices for

energy efficiency are summarised in Table 2

Table 2: Passive design strategics

S/NO Strategies S.D(1) D.AQ2) _N(@3)

A 4)

S.A(5) Mecan Rank Decision

Do you agree to
the  use of
energy-efficient
lighting fittings
-»and appliances in
public housing?
Do you agree
that the use of
tenewable
energy such as
solar panels
could meet the
energy needs of
the public
housing?
Do you agree
that architectural
design (such as
building
orientation and
layout) can help
to  “maximize
natural light and
minimizes the
need for artificial
lighting  during
the day?
Do you agree 2(0.8)
that the use of
water
management
practises
conserves  and
minimize
wastage in
public housing?

PDSI 4(1.6) ¢

PDS2

200.8)  7(2.8)

PDS3 2008)  9(3.6)

PDS4 9(3.6)

105(42.0) 141(56.4) 4.53 Ja¢ Strongly
Agree

107(43.8) 134(53.6) 449 2  Agree

106(42.4) 133(53.2) 448 39 Agree

109(43.6) 130(52.0) 4.46 4" Agree
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PDSS

PDS6

PDS7

PDS8

PDS9

)
)1
BAYER

Developm

Do you agree
that

implementation
of effective
insulation  and

shading
techniques
reduces the need
for heating and
cooling in public
housing?

Do you agree
that the use of
environmentally
friendly
materials
contributes to the
sustainability of
public housing?
Do you agree to
the
implementation
of waste
reduction  and
recycling
programs for
public housing
occupants?

Do you agree 2(0.8) 2(0.8)

that active
collaborations
with local
sustainable
energy
initiatives  and
community
efforts help in
promoting

sustainability in

public housing?
Do you agree
that the use of

smart HVAC
systems  could
adjust

temperature and
ventilation based
on  occupancy
and external
conditions?

O UNIVERSITY, KANO, KA

¢ Conference of Su
ent In the 21st Cen

, NO STATE, NIGERIA

ademic Research Publication
ry Approach vol. 29 No. I, 2

103(41.2) 125(50.0) 440 5t

Db-Saharn African Ac
tury: Multi-disciplind

208) 2080

13s.2)  128(51.2) 109(436) 438 6%

15(6.0) 131(52.4) 104(416) 433 7

30012.0) 128(512) 88(352) 419 8"

20.8) 520208 103(412) 93(37.2) 414 9

s on African Potentials for Sygp,;
9th December, 2023 A

)
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Agree

Agree

Agree

Agree =Y

Agree
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PDSI10 Do you agree 21(8.4) 62(24.8) 85(34.0) 82(32.8) 3,91 1om Agree

that  traditional

means of

construction

contributes to the

sustainability of

public housing?

Average MIS —
Source: Author’s Field work, (2023) l

Agree

Key: PDS: Passive design strategics S.D(1) = Strongly disagree, D.A(2) = Disagree, N (3) = Neutral, A (4) =
Agree, S.A(S) = Strongly Agree)

Table 2 indicates that the respondent agreed that the use of energy-efficient lighting fittings and appliances in
publfc housing and that the use of renewable energy such as solar panels could meet the energy needs of the public
housing (MIS = 4.53 and 4.49, respectively) were the most significant passive design strategies. This is followed
b.‘f the ‘architecrural design (such as building orientation and layout), which can help to maximise natural light and
wminimise the need for artificial lighting during the day. The use of water management practices conserves and
minimises waste in public housing, and the implementation of effective insulation and shading techniques reduces
the need for heating and cooling in public housing (MIS = 4.46, 4,40, and 4.38, 3rd, 4th, and 6th). The least
significant passive design strategy is whether traditional means of construction contribute to the sustainability of
public housing? (MIS = 3.91). On average, in terms of level of agreement with the identification of passive design
strategies in the existing buildings, they all appear to agree with the passive design strategies (average MIS =4.33).

Effects of Non-green Architectural Components in Public Housing

The use of MIS to explain the effects of non-green architectural components in public housing Table 3 reveals the
result of MIS for the five identified effects of non-green architectural components in public housing. It was shown
that the most significant effect is that non-green architectural components negatively influencing the overall
comfort of occupants of public housing was ranked as the first, with a mean score of 4.08 and a corresponding
level of significance of 0.00, making it a statistically significant effect of non-green architectural components in
public housing. It also recorded a standard deviation of 0.69, indicating the existence of agreement between
responses. Non-green architectural components increase energy consumption in public housing, ranking second
with a mean score of 4.07, well above the hypothesised level, and a corresponding level of significance of 0.00,
mazking it a statistically significant effect of non-green architectural components in public housing. It also recorded
a standard deviation of 0.83, which is less than one. Ranking 3rd was the application of non-green architectural
components, which negatively impacts the indoor air quality of pubhc housing, with a mean score of 3.92 and a
com:spondmg level of significance of 0.00, making it a statistically significant effect. It also recorded a standard
deviation of 0.83, indicating the existence of agreement between responses. The respondents agreed that non-green
architectural components negatively influence the overall comfort of occupants of public housing, which was
ranked as the Sth most important effect. It recorded a mean score of 3.77 and a standard deviation of 0.89, with a

corresponding level of significance of 0.00, making it statistically significant.

Table 3: Summary of T-Test Showing Rankings and Significance of Effects of Non-green Architectural

Components in Public Housing
S/No. Std. Rank Sig. (1 Statistically

Effects Mean deviation tailed) significant
125 0.00 Yes

1 Do you agree that non- 4.08 .69 ,
green architectural
components negatively
influence the overall
comfort of occupants of
public housing?
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T n 0.00
0.70 2

architectural

green
increase

components
energy consumption of
public housing? 3 *
3 Do you agree that the 392 083
) appli’catmn of non-green
architectural components
impacts

0.00

negatively
indoor air quality of
public housing?

4 Do you agree that the 3.84
application of non-green
architectural components
increases the cost of

uilding maintenance?

5 lb)o ycn; agree that non- 3.77 0.89 Sk 0.00 Yes
green architectural
components negatively
influence the overall
comfort of occupants of
public housing?

Source: Author's Field work, (2023)

0.90 4th 0.00 Yes

Preference of passive sustainable elements to be use in construction of public housing .

The use of MIS to explain the preference for passive, sustainable elements to be used in the construction of public
housing Table 4 reveals the result of MIS for the seven identified preferences for passive sustainable elements to
be used in the construction of public housing. It was shown that the element with the highest preference to be used
m the construction of public housing is solar panels. ranked as the first, with a mean score of 4.60 and a
corresponding level of significance of 0.00, making it statistically significant. It also recorded a standard deviation
of 0.59, indicating the existence of agreement between résponses. Natural ventilation was ranked 2nd, with a mean
score of 4.46 well above the hypothesised level and a corresponding level of significance of 0.00, making it
statistically significant. It also recorded a standard deviation of 0.68, which is less than one. Ranking 3rd was green
landscaping, with a mean score of 4.42 and a corresponding level of significance of 0.00, making it a statistically
significant preference. It also recorded a standard deviation of 0.64, indicating the existence of agreement between
responses. The respondents also expressed a preference for natural lighting to be used as the 7th most important
preference. It recorded a mean score of 3.98 and a standard deviation of 0.68, with a corresponding level of
significance of 0.00, making it statistically significant.

Table 4: Summary of T-Test Showing Rankings and Significance of Effects of Non-green Architectural
Components in Public Housing

S/No. Std. Rank . Sig. (1 Statistically
Effects Mean deviation tailed) significant

1 Solar Panels 4.6040 (.58 1%, 0.00 Yes

2 Natural ventilation 44600 068 = om 0.00 Yes

3 Green Landscaping 4.4200  0.64 3rd 0.00 Yes

4 Building Insulation 4.2600  0.64 4th 0:00 Yes

5 Sun shading 4.1640  0.80 Sk 0.00 . Yes

6 Rain and Grey water 4.0160 0.8] 6t 0.00 Ye

. conservation ;

7 Natural lighting 3.9800 0.68 i 0.00 Yes
Source: Author’s Field work, (2023) :

Conclusion And Recommendation °
This research is aimed at i i inabl i : i i
s atincorporating sustainable design elements in the design of a multi-family housing estate

Ja with the intent to propose a multifamily public housing scheme that incorporates green architectural
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components. Based on the findings of this study, it was concluded that the respondentagreed that the use Tfenergly—
eflicient lighting littings and appliances in public housing and that the use of renewnbl'c energy, such as. 50 :lr
panels, could meet the energy needs of the public housing were the most significant passive design strategl.cs.. n
conclusion, the adoption of sustainable design practices in construction helps to reduce grcenhou.se gas leSSAIO"
thereby creating a healthy living environment, 1t is recommended that energy-efficient features like !andscaplng.
building orientation, sustainable material specification, sun shading devices, and cross ventilation be mcgrporated
nto the design of buildings, especially residential buildings, to reduce running costs, lower energy requirements,
and lessen the negative environmental effects that cnergy has.
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