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Editoral X

The +v (the journal. the contnbutors
and |:rlrt:~1¢wm» has produced yet
snother edition. In furtherance of the
journal s mandate to disseminate research
findings 10 the research community,
volume 9, number 2. December edition 1
presented to our expanding audience Thus
edition could not have come at 8 more
auspicious time as the Umted Nauons
Conference on Climate Change (COP 24)
has just been concluded in Poland where
stakeholders met (o chart the way forward
on the huge challenge that has been
thrown up as a result of climate change. It
is therefore not surprising when the
Nigenan governmen: declared at the
conference that no country could confront
the change alone thereby urmng all the
member nanons that signed up 1o the
chaner 10 re-dedicate themselves to the
task of re-building and restonng a healthy
environment for furure generanons. In a
related development. the World Bank
restated its commutment 1o step up climate
finance 1o $100 hilkon. half of which will
£0 to bunld benter adapred homes, schools
and infrastructure and also invest in sman
agncultze, sustzinable waler
manzgement and responsive social safery
nets, [t o1 therefors hﬂ.‘mng w0
present lbamdaahcnnclo)ou.u
dl.rmS this festive wason [he aricles
ranged from hlw vanables and
cotmq:nnum, ransportation. bmldm'
fimshing rework. comp &
b!llldmg information m'ldcllmg_ real
csiate investments, building matenals
construction forecasting logstics, m
me and physiological effecty of the
environment on human "’d]bemg

Adedokun, Adedayo and Isah in the |*
Paper cxarmined the architects perception

fegarding the spatial needs of users
gencral  hosprials  wich A view :

«klerrmmng how effectve
the methods
used by mﬁbcuarcmmm.uw

decisions. The study recommended thay
| hospitals like any other public
building should be subjected 10 public
nlanons where prospective users
could make inputs, which would help the
architects in the final design and that, the
clients should not be considered as the

users of the hospitals.

The nfluence of socio-economic
attributes on travel demands of inter-
urban public transport passengers in
Lagos metropolis were explored by
Agunloye and Nwokoro in the 2% article.
The study showed that there is a positive
significant relationship between
respondents’ income and travel distances
and between respondents’ number of cars
and twavel distances meamngz thar
passengers’ income level influence travel
distances amongst others. The srudy
concluded that there 15 a need for socio-
economic consideranons m mansport
policy formulanons.

Aluko, Ogunsote and Adedeji argued that
building facades are the mos: poriceable
clement of builldings and are directly
associated to the qualiy of urban
environment hence prone to the effects of
chmanc condinons. Based on this. therr
Paper assessed the degradanon of external
pamnt finish 1n some public residential
buldings in coastal chmanc zones of
Nigena  The paper revealed that the
Sverage service life for the external paint
fimsh in coastal climanc design zone of
Nigena s 2.5 vears contrary to the
established research findings in dafferent
chmatic zones different from Nigena that
stipulate 5. 10 years.

T: 4(: article by Amfowose. Babannde
lanrewajy on the adopnoe  Of
bwiding informanon modelling (BIM)
Smong  professionals in Kwara Swaie
that BIM showld be
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meorporated n the curmicula of all
Tertiary Institutions providing traumng in
undergraduate  programmes i built
environment and also by incorporatung o
short-term BIM traiming for professionals
could enhance the adoption

Dosumu ¢r a/ in the S paper investigated
the implication of rework on selected
residential building projects i Lagos,
Nigena. They came 10 o conclusion that
the causes of rewark are mostly design-

related and they are different  for
government-owned and private
residennal  bulldings. Hence, 1t was

recommended that designers/consuliants
should visit construction sites  before
recommending any type of substructure,
and projects should be supervised and
coordinated by expenenced personnel.

Babarunde and Kemiki in the 6" paper
established that the potennals of Real
Estate lnvestments (REI) in growing the
Nigenan economy had not  been
adequately explored They therefore
advocared for reforms that would provide
for iovestmen! dawsbank, nsnrunonal
framcwork for transparency and ease of
land uthing amoung other far reaching
reforms

Comng from the background that many
studies have focused on women who are
employed in the construction industry, but
only a himited number of these studies
have specifically mvestigated their actual
involvement Al e al i the 7" paper
asscssed the competences of women in the
evolved and emerging roles of Quantity
Surveying Thewr paper recomimended that
female  Quantty  Surveyors  should
develop and increase thewr competency
especially in those roles they least
pertorm, n order 1o attracl  women
partcipation in the area.

Vil

Yamusa ef al also assessed the ¢ apnmhty
of contractors in the Nigerian construchion
industry with a viewing 1o cstahlishing
and improving the contraciors aboul rhcv':
performance n sk management in the #
paper. The puper advised contractors 1o
define clearly therr risk management
responsibilities.

The 9" paper by Ibrahim e al. explored
the possibility of using wasle gear inner
wire (WGIW) in Fibre Reinforced Mortar
(FRM). The paper concluded that the
development of FRM using WGIW from
local wastes was an interesting approach
1o solving raw matenial shorage for the
current generation morar or structural
concrete and to reduce waste disposal cost
and related environmental issues in

Nigena.

Nasiry, Kasimu and Mohammed in the
10" paper investigated the causes of
rework 1n building projects. The authors
advocated that adequate artennon be
focused on  quahty  supenasion,
monitoring and communication among
the players dunng the course of building

projects.

In & related development, the | 1™ paper by
Isah, Shakantu and Ibrabum investigared
how matenal  requrement  planning
(MRP) technology could be unhised from
the manutactunng and retailing industmes
background o unprove the forecasting
provesses of construction logistics. The
paper concluded that effective unhization
ol MR technology i the logistics system
ol the construction industry could lead to
renhization of full efficiency gains i the
lorecasting aspect,
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Lama Lse (11 and change analvsis have
shaays deen the contemporan challenge
= suxzamable emvironmental
mamagerment Rased on this. Oladere and
Moremker @ the 12% paper provided a
haseine Gana tor sustatnable
eavIroeEnencal mana sement and
sdacea™ i of GISRS rechmques for
sden Samg e chsenad changes due to
baman scowvines m the studied area.

The =Sueence of architecrursl design
vanaibles om the oost of  emergy
cmsampooe @ office buldings was
soush v Ssha. Shumu and ldiake w the
13 meper The paper esmablished that
dose vanabies like tlovr areas, shape.
Bush penmener. (NEDRIOR shading
= extenr of glanng have sigmficant
afact cu oot of epergy comsumpaon m
offce baldmes.

Madsvese v 2. inthe 147 paper analvsed
=hes e = Manmmbi oeighbourhood
= Miz=: Ther paper ravommended that
sdegusre eguppme of the  secunry
pesomne ¥ mmperaove for effevnveness
= oxacmmon of dunes: deplovment of
ofScers o CID umt o patrolling the
S WoDoS 5 @ oeessiy i
spprcaenday rmnals and amehioranng
e mosssam occaTence of cnme 1 the
acshboardood

GIS spoucanoe for smmbility assessment
of sees for mumcrpal sobd waste disposal
= Kaoe Memuopuos, Nigena was the fivus
of Adegoovess s paper. Based on the final
sty map. be asserted that parts of
Lagoge sod Nambotso arvss provided the
sande guend ad locanon for sohd
waste Ssposal faahny o the studied area

The last paper by jobo  advynce,
empmcul evidence of the physmlng.cnl
effects  of  contact — with oy,
landscape environment compared wyj,
urban environment  USINE  quantiigye
research approach 1o elicit objectiye
physiological responses from subjects.
The study concluded that contact wi,
mountain  landscape  environmenys
promote  recovery from stress and
supports the notion that natural landscape
environments improve human wellbeing,

So far, the nde has been pleasant through
the help of numerous people from the
members of the Board of the School of
Environmental  Technology,  Federal
University of Technology (SET), Minna,
SET Postgraduate Co-ordinators of the
Departments of Architecture, Building
and Quannty Surveying, reviewers and
the contributors. Above all, wathout the
seamless support of the Editonal Board
members, it would have been difficult 1o
keep tate wath our audience.

Past editions of the Journal can be found
at thas web address:

hutp: ets). futminna.edu.ng for download

Let us do 1t again next year, peace!

R. A, Jimoh, PhD
Managing Editor
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Influence of Architectural Design .V L
on Cost of Energy Consumption 1n Ofhce
Buildings in Minna
Saba, M., Shittu, A. A and Idiake, J.E.

Department of Quantity Surveying, Schoal of EnvnrnnmcnlnI. Techno
University of Technology, Minna, Nigeria

logy. cheral

The prime objective of the study is to investigate the influence ol architectural design vanafbsics
on the cost of energy consumption in office buildings. The study is restricted to ofhce
buildings within Minna metropolis, Data was collected through field survey and computation
from aschitectural plans. A random sample af 30 buildings form the basis of the -;ludy‘
Descriptive analysis was used to compute the mean, maximum. minimum and modes f_or all
the variables Parnal correlation coefficient of the dependent and all the independent variables
explored the strength of sssocintion between the variables and detected collinearity among the
vanables Regression analysis determined the strength of the relationship between the
dependent and independent variables. Multiple regression analysis using the ‘stepwise’
regression procedure determined the extent to which the design parameters acting rogether
explaned the vanauon of the dependent vanable. It was established that design vanables like
floor areas, shape. height, perimeter, orientation, shading and extent of glazing have
significant effect on cost of energy consumption in office buildings. The conclusion denved
from the study 1s that the designer during the design stage will have control of abour 62.6%
of eaergy consumplion cost of the building Therefore, it is recommended that designers
should control these purameters from inception in order to produce energy conscious buildings
with mmimal running costs.

Key words: Energy, Electricity, Design varisbles, Running Cost, Office buildings
Introduction contributes less than [“s to the country’s
Energy has been described as a force GDP. (Base Line Power Report, 2013).
multiplier that enhances man’s ability to

convert raw materials into useful products, Nigena's commercial sector which consists
providing  varieies  of uselul  services of both prvate and  public buildings
(Sorensen 2003) 1t iy i basic necessity for including small businesses. consume about
domestic, commercial and industrial uses, 48% of the total elecineity produced for all
According 1o Mulugeta, Nondo, SchaefTer, the sectors of the cconomy (Maxwell er af,
and  Gebremedhin, — (2010),  cnergy 2014) Ottice binldings use abour 21% of
consumption s an indepennable component the total energy used m the commercial
in growth. directly or  mdirectly o5 a sector annually. 1tois generally used in
complement 1o copital and labour us an lighting, heating and cooling,
input in the production process. Basic torm communication and running the equipment
of energy used for domestic and industrial i the butldings. 1t s theretore quite clear
purposes n Nigeria is the cleciric power. |t that the proportion of energy consumed by
s used mostly ain office buildings  for office buildings in the commercial sector 1s
Ilgh”')ll. hculmg‘ u“)lmgl communication hlgll his  wall cnnrwqucml_\ Increase

runping cost. Hence, the need (o embark on
the design of energy efhicient burldings from
the onsel. by paying attention 10 design
parameters  that  signibeantly  influence
energy consumpuon  patterns  of  office

and powering of equipment and machmnes
(Akomolafe and Danladi 2014) As one of
the common energy lorms in Nigena, it 1s
msufbcient (o sansty the needs ol the highly
meressing  population. It currently

123
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buildings  The propucton of subsoyuent
running cost of office buildings ix shown in

Figuie |

Ihe wun of the study s 1o cviluate the
influence of architectural design variables
an comt ol energy consumption i alfice
buddimgs  m Minna, with o view
cuggestng elfective stratepies I designing
energy ellicient  office  butldings — with
sl runn e conts

This research consmiders omly the running
cost of electrical energgy conwumed hy office
buildings  with  respect to varying
architecrural design parameters ansociated
with each building  These are the costs that
are incurred 1o generally pay for the
clecincity charges that the offices use,

Literature Review

Energy consumption is simply defined as
the amount of cnergy consumed 1n a process
or system, or by an organization of society
Energy consumption in buildings has been a
topic discussed 10 vanous forums The aim
has always been to  reduce energy
consumption mn buildings through adoption
of energy conservation measures and energy
conscious designs

Energy conservatuon refers to the steps
taken 1o reduce energy use and increase
efficiency 1n an exisung stock of buildings.
Energy conservation can achieve significant
reduction in energy consumphion. [t has
been shown that energy saving of about
25% or more can be achicved through the
adoption of energy comservalion measures

Cleaning, 7 #%

[
{ Uhs, 6.9% _
Painting, 0 2%

Others, 13 6%

Figure | Proportion of subsequent running cost

N

(lench and [hewm.  200) Inagy
e itmin denign on the riher hand rofers
allemipts (nade ot e henign viage Vo prOAAsL

[his o

2 lirw energy commanong Dagwyg
auhieved by takang v w/2XNY (RS
design parametes st rewdll v high \evels
of eneryy s in brasbdusgs

Fneryy Le Determinants in Building
The thjective ol 1 buildmyg sywesm 35 0
presyisde the gm0 ernal envirrimental
umditivns v swd hunas Bty Mavers
(200)] ) menmed  that 19 achueve the
abjective, the building vysem must wntain
4 subaystemn referred o3 the services
submystern Servioe s ywen will include,

(1) Ventilatin and s vmditinmyg sub-
systemis (2) Lighnny sysems {3) Avoustic
systems (4) Ventical vansporiation sysicms
and (§) Drainage waler sysiems

Energy Consumption and Epergy Costs
Fnergy consumption of any building will
ulumately result 1o &n energy ol which is
expresied as 3 oost w the consumer. Though
the quantity of energy comsumed mught
remain [airly constznt over the years, cuargy
cost will vary throughout the life of the
building. Ensrgy cost will be nfluenced by
tariff regulations, nflationary factors and
taxation among other faciors (Swne 2009)
Encrgy cost for any building will be hughly
sigmficant if viewed as a hife oycle cost of
the building. Stome (2009 argues that over
the hife of 3 bulding nnming costs are
usually greater than munal constuchion
costs, Running costs account for over 55 -
60% uof comt over the hife of the office
building n temperate climates

® Blecancty

Flecinoty, 20 9%
. Water

~ Water 102%
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Architectural Design Variables havin
Influence on Encrgy Consumption i
The design vanables in the conceptual
design stage 1n building construction are
dcﬁngd as the variables tha describe the
building in the conceptual phase Variables
have 1o bc syuthetic, simple and meaningful
either from thermal engineering or from
architectural point of view. hcncv:archilccm
can lake rational conclusions casily. These
varables include (1) Plan shape and
Perimeter (2) Total Plinth ares (3) Building
h‘CIghl (4) Starey height (S) Orientation (f)
Circulation space (7) Shading devices (8)
Glazing arca

Impact of Design Parameters on Energy
Use in Buildings

Reference  has  been made 1o energy
coascious design as @ way of influencing
energy use patterns in the building. Itis only
through design that energy use by air
conditioning,  lighting and  vertical
transportation can be controlled.

It is observed that epergy consumpticn in
any single building is due to the interaction
of a large set of varisbles. This study
separates these vaniables into four groups,
climate-based paramecters, parameters duc
to siting, occupancy parameters and the
building design parameters, The first three
groups cannot be influenced by the
designer Design variables associated with
the building form, orientation, fenestration
and thermasl physical properties of the
matenals among others have significant
impact on energy use in the building.
Variables considered for detailed study are
floor areas, perimeter/floor arca ratio,
glazed area, heights of buildings, shading,
orientation and perimeter

Cost Effective Strategies for Designing
Energy Efficient Buildings with Minimal
Running Costs '

There 1s no one best design or construction
technique for achieving the most desirable
energy cfficiency for any new home
construction. Builders arc now exposed toa
wide variety of materials, components,
nd construction technigues.

applhances d v

Good work and quality matena

always been distinguishing characteristics
of a well-buill house but 1s essential to have
an understonding of how o house operates ds
a complete system in building an energry
efficient home In arder 1o produce a highly
efficient home, knowledge of how to
integrate all of the building components
properly and understanding that they all act
together 1s important. An Energy efficient
home has nght ducts, proper venhilation,
high insulation levels, highly effective
windows, air-tght construction, and energy
efficien! heating and cooling apphances.
The combination of these results in reduced
utility bills, fresh indoor air, and less
maintenance.

Research Methodology

This study is based on a survey of 35 office
buildings. A sample size of 30 buildings
forms the basis of the survey because there
was restriction in getting i formation on the
remaining 5 buildings due to security
reasons relating to those buildings.

Primary data on energy consumption is
obtained from the Abuja Electncity
Distribution Company (AEDC) Niger
Region Office in Minna. The data was
extracted from 2012-2016 unhity bills or
consumption records. The design vanables
were measured and computed from
architectural plans. These were compared
with the extstng building 1o 1ake sccount of
any modifications.  The  architectural
drawings for both the private and public
buildings were obtained from Niger State
Urban Development Board (NUDB). The
design variables obtained are the gluzed
areas, floor area, average perimeter, height
of the building, circulation space and
orientation.

Secondary data on energy demand and
supply in Nigeria was obtained from the
National Bureau of Statistics (NBS) and the
Energy Commission of Nigeris (BLPR
2015) The data compnise of energy demand
and supply staustics, Inferential analysis
was camed out in various stages. Fust, the
partial correlation  coefficient  of the
dependent and all the ndependent variables
was carried out. In the analysis the
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dependent varahle s the mean annual
enerpy constnption cost  and  the
mdependent variahles are the Architectural
design paramelers

Ihe purposie of  computing  the  partial
correlntion coeflicients is twofold:

1) Lo explore the swength ol association
between (he vanables.

n o collinearity  among  the
virinhles

e result of the partinl correlation analysis
% presented as a correlation matrix. Simple
regression analysis was performed hetween
the dependent vanuble, mean annual energy
consumnphion cost and each ol the seven
design purameters (independent vanables)
Repression analysis was curried out o
determine the strenpth of the relationship
between the dependent and  independent
variables  The result of this analysis is
presented in farm of regression coefficients
and  sentter  plots.  Multiple  regression
analysis was carned out using the 'stepwise’
regression procedure. The main aim 1s 10

detect

Saba, Shittu & idhake

determine the extent to which the design
variables acting together could explamn the
variation of the dependent variable.

Results and Discussion

During the data collection process. the
independent variables were measured and
computed from architectural plans while
the dependent vanable was computed by
calculating the mean of the annual
consumption cost for the five-year period.
The dependent vaniable is the mean annual
energy consumption cost while the
independent variables are floor area, glazed
area, height, orientation, perimeter and
shading.

The above variables were measured 10 a
sample of 30 buildings, both private and
government owned. Each building s
represented with a numerical code from |-
30. The data was then tabulated as shown w
table | below.

Table 1 Dats on measurement and energy consumplion charge

| BUILDING L X | Ll L | X c T |3
| 0D | 0 | @0 | 313 | 0] e | W% S0 | 1tat .00 |
3 MW oL | OB 3.80 0 | 025 | looe 1004020 nau IR0
y 126600 | Go5 | o8 | 1082 | 1 | 02 | 3| 124000 e 1 |
4 Lisis | 0es | M9 5.4 0| 1% | 1Vs S5 28 i3] 082 08
3 00 010 | 00 | 104 | 0| 06| 3% (T3] YT s
4 jai | 02 | @9 | 39 | 1 | 945 | uen SAND2 | »as 155 6305
- s | 00| 04 | 6af | 0 | 526 ] 1mii| 1300615] saa 450,841 &5
1 TR0 613 ] 31| 995 | 0] 024 Wws]| 10460 saar|  tsooacs ]
I 21530 001 | 8201 | "D | 0] 166 ]| 1399 94428 | 37y e
12 ossw | onn [ esor | wer |4 [im ] an 350W|  aau sa0 310 65
| RN EEEEEEEIREE 1LA430]  ua 33586 11
1 sy 623 | i | o] o] ] wa S50 s 1S4 o
1 08 | o [ mw] e | T 1w ]| Sew A gy B
" 239000 | 010 | b | 980 | 1 | 16| 238 o0l 1201040
L 3am | oo [ e | se [ 1 | i | i iseey | 5y e |
18 a0 | 610 | 90 | v@ | 1| 1w | & 16 4 % 139 4625
) 19876 | 616 | ha | 92 | 9] 8% | il TS T TTPTYT
1§ A0 | ook | 1es | &9 1| 0| 195 1184213 3448 1315733
15 PR IV TN BT R T T RAN 4 e o )
20 a0 [ st | g9 [ 1o | SIAN | g 195,188 48
2 30y | 00 | 54 | a5 | o | ule | 1sss [T v al 154 35
n w606 | 027 | 4 T4 0| 823 ] 0N A543 N4 13321564
bl &M uw 0o LR} 7 4| e YW 344 YR
24 | el ar [ e ] 6w | ofen] 54 483021 v 4y AR
38 700 022 At il 17 D AN 423 4 3
% wo ] oy | v [ € ¢t oen]| s% 45900 )  as
33 1anon | o1e | @1 | e84 | ) | e ] e e Hal
: €560 ] ot | wo: | w31 [ o Jes || sisan] sa
—a a8 E R 160 i 37} (28 ¥ 489015 | 27 4t
i Lawoe | onn | esse | ees | 1 ] 0| anw S0TM8E | %

Source Mensuremen and ficld survey (2017).
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Glazed areas - Variable Xo

The distnbution of glazed areas n the
sample had & masimum of 116 S4m? and o
minimum of 21.60m’. The mean glazed arca
s S540m with a standard deviauon of

24 85m°, see figure 4

0
< 00 — e —
g
= 000 — S
= {
E o |
3 %0
-
¥ 2000 - =
=
Elo.m] z .
-
000 N =
0-30 3 3 a-
0 %0 120 !

Glased Area (m2) |

Figure 4: Distribetion of the glazed arcas (X)) in
the sample.

Source Masurement and Computation from
Architectural plas (2017)

0-6 61-77) 08).9%) D 10
Height of BatMings (m)

Perventage of Mulldings (%)
E ®
8 B

§

Figure 5. Distribution of the height of bulldings (X4)
in the sample

Sowurce Masurement  and  ( omputaiion  from
Architectural pian 12017)

Height of Buildings - Variable X,

The internal hewghts of the butldings are
distributed with a maximum of 10 62 meters
and a mumimum hewght of § 75 meters The
mean haght of the buildings i the sample
s 826 meters

in Offica Busidings » Minng
Sate Shivtu A \diake

. X5
Perimeter - Variable

I'he macimum perimeter 15 241 95 meters
and mnumum perimeler 1s 5939 meters
T'he mean perumeter is 141 72 meters. (See

figure 6)
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Figure 6: Distribution of the Perimeter (X7) in the

sample.
Source Masurement

Architectural plan (2017)

Percentuge og Building

and Computation from

Energy Consumption Model

The model of this study is based on the
hypothesis that energy consumption in
office buildings is influenced by the vanous
design vanables. Thus
E=Xc+ B X + B X+ B X

Where E = mean annual energy cost
(AWKWH/yr); Xc = constant term: X, = floor
area (m°); X: = shape (perimeter floor area):
X, = glazed area (m2); \i = total height of
buildings (m): X = existence of shading. X,
= orientation: N; = perimeter (m). B, .... B-
Bets Cocflicients, ¢ = error term. Thisisa
stochastic model wath an infinite number of
varables

Annmplions: he above model is based on
the following assumphions

() The population 1s normal (1) The
variables are not significantly interacting
with cach other

With regard 10 the data collected and the
study model formulated, data was analysed
statshically  using  the correlasnon  and
regression technigues

Correlation Analysix of the Model

The partial correlanon between all the
Varables in the model was computed. The
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resulting correlation matrix is illustrated in
Table 2 below

The result in Table 2 above show the
strength of reluuonship berween the
dependent variable (E) and the independent
varables Xy (o X5,

Floor Area (X1)

The correlation coefficient 1s 0.048 showing
a4 positive relanonship  between energy
consumption cost and floor area. The
correlation coefTicient is significant at 95%
conhidence level.

Perimeter/Floor Area Ratio (X2)

The corrclanion coeflicient for the rwo
vanables is - 0282 showing a negative
relationship berween the variables E and Xa.
It is also probable that the relationship is
curvilinear.  This relationship  will  be
explored further using regression analysis.
Glazed Area (X3)

The correlation coefficient between mean
annual energy consumption cost and total
glazed area is r = 0.042, This shows that
there is a positive but very weak relationship
berween the two variables. The correlation
coefficient was significant at a 95%
confidence level. This shows that there is
linle or no relatonship between the two
vanables.

Total Height (X4)

The correlation coefficient between mean
annual energy consumption cost (E) and

total height of buildings in the sample r
00.529 This shows that there is a positive
relationship between the two variables

Ihe correlation coefficient is sigmificant st
95%. I'his implies that the chance of geting
nc relationship  given @ corrclation
coelficient of .329 15 less than 003 Tv s
highly probable that a relanonship exists
Shading (X5)

The correlation coefficient for the two
vanables r = - 0.145. This llustrates a
negauve relationship  between dng two
variables. The relationship is not significant
al 95% of confidence level, It is likely that
there is curvilinear relanonship or a high
likelthood of chance vanauon due to
inadequate measurement of the parameter,
Orientation (X6)

The correlation coefficient between the two
variables is r = - 0.056 showing a weak
negauve relationship befween mean energy
consumption cosl and orentation. The
relationship is probably curvilinear hence
linear approximation is inadequate. The
likelihood of chance variation also exists.

Perimeter X7

The correlation coefficient is 0.044 showing
a posttive but weak relationship between the
two variables. The relationship 1s probably
curvilinear or there is a possibility of chance
vanaton. This is explored further in
regression analysis.

Table 2: Correlation matrix
XI X2 X3 X4 X3 i X6 X7 E
Xl |
X2 0715 I
X3 OK73" | 4.564" |
X4 0624 | 0769 | 0375 |
X3 0.5327 | 0268 | 0352t | 0027 |
X6 0617° | 0451 | 0e1d” 02K1 0383 |
X7 D.840° 0288 0757 0393 | 03523 0492 I
F 0048 ) .282 0042 | 0 §29' | £ |45 A 056 0044 1

o0 Comrelation is significant wt the 0.01 level (2 -wiled),

* Coerelabon is sigmificant at the (1,05 level (2-ailed),

Source C omputation from partial correlation
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Regression Analysis of the Maodel

The energy consumphon cost function 1s
represented as

E=p=+MhX *B:X:+B,‘x'+&x.+55
Xe= BNy + X5 + ¢

To  ascertan the  influence  of the
independent  variables  on energy
consumption cost, regression analysis s
used. The procedure oadopted in  the
development of the model 15 to perform o
test between the dependent variable and
each of the seven independent variables.
Then the second stage is multiple regression
analysis 1o determine the effect of all the
variables acting together. Lach partial
correlation will be discussed below

Floor Area (Xi)

Regression analysis on the two vaniables
with E as the dependent variables reveals
that the best line of fit has a slope (B)) of
6.9786 and an intercept (B,) of 2389779805
thus the zquanon of line can be expressed as
E = 2389779805 + 6.9786 X,

Table 3 shows that the coefficient of
determinanon i1s R = 0002, showing a
positive but weak relanonship between the
two varables The standard error of the
slope of By 1s 27 730 at 95% confidence level
and swandard error of intercept (fo) 1s
36242759 at 95% confidence level. The
hypothesis test is done to determine whether
the relationship exists

The hypothesis in this case is that there is no
relatonship between the two variables and
the

slope Bi = 0. It was revealed that scuaies =
0.252 and tigutcsn = 0.803. Thus Laioiecs <
Lugificsn Which  confirms  the  ubove
hypothesis,

The ANOVA test reveal thol Foyume =
0.063 and Fguncan = 0.803 thus F i
Fugicant. this shows that R? < D, thux the
ndependent vanable has no explanatory
charactenstics for the dependent vanable.

Perimeter/Floor Area ratio (X2)
Regression analysis between the dependent
and independent varisble reveals that the
correlation  coefficient s 0.282  and
coefficient of determnation R? = 0.080. The
coefficients are relatively low.

Satm Sty & ke

The regression line has an intercept of
319260.738 and a slope of - 45764% 191
(see Table 4), The standard errons of (B
and [} were 50321 049 and 294079092
respectively  The regression  line  1s

estimoted as
E=3192607411-457648.2088 X,
(50321 049) (294079.092)

The leamat = - 1.356 and the lomifam =
0131 thus e < Lo gificant which shows
that there might be no linear relationship
between (he two varables.

The ANOVA-test is done to determine the
variability between the two variables thus
Festeutued = 2422 and Fua-l‘n."m = 0.131.
Feicutued = F.Apnﬁu.. The h)’pOlhtSlS R->20
hence there 1s a linear relationship berween
the two vanables. The large size of the
standard error of the slope, reveal the
possibility of a curvilinear relationship
between the two variables.

Glazed Area (X3)

The correlation coeflicient between the two
vanables is R = 0,042 and the coefficient of
determination R’ = 0.002 (sez Table 5). This
reveals that a positve but weak lmear
relationship  exists  between  the o
vanables,

The slope 1s 178.7801 and the mtercept 15
236743.5799. The standard errors of
intercept and slope are 48623321 and
803.139 respectively thus the regression

equution is
E=236743.5799 + 178.7801 X
(48625.321)  (803.119)

The Lassutsies = 0.223 and the lagusicss = 0.825
thus Lacwes < tuguacas showing that there is
no significant linear relationship between
the two variables.

e ANOVA-test show that the F oy =
0.050 and the F g = 0.825 This shows
that RY = 0. thus there is a relaticnship
between the two vanables The standard
error of estimate of the slope is reasonable
which shows a possible significant effect of
chance vanahon

Helght of Building (X4)
The correlanion coefficient 1s r = 0.529 and
coefficient of determimnation R* = 0280 see
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fegression outpul Table 6. This shows o

positive relationship between the dependent

and independent sanables

Ihe regression line has o slope (P)) of

MIS26320 and e mtercept (i) is -

369568261 thus the regression line is

= -36956.821 + 34332 A32 X,
(STOI6118)  (10419.022

The standard errors of estimates of intercep!
and slope are 87616.118 and 10419022
respevtively,

The = 3297 and the Lumificwn = 0.603
hus Lataiaes ™ tuguican The hypothesis that

slope = 0 is rejected proving that a
relationship  exists  between  the  wo
variables.

A further ANOVA test reveal that the
F-‘Al.'vl.ln) = 10.871 and the F..""A.:.m = 0.03
thus Fojaima ™ Fugiican the hypothesis that
R* > 0 is accepred This proofs existence of
a linear relanonship between the dependent
and the independent variable.

Shading Area (X5)

Regression  analysis  shows  that  the
correlanon coefficient r = - 0.145 and
coefficient of determunation R® = 0.02] (see
Table 7). The adjusted R’ = - 0.014 showing
the possibility of a negative or curvilinear
relationship

The regression analysis shows that the slope

= 303843172 and the intercept =

2598137628, Thus the regression equation

1s

E=259813.764 - 30384319 X
(25814.140)  (39214.494)

The tutued = = 0.715 Luyginican = 0.445 thus
teateutaind < Lugmtans The hypothesis states that
there s no slope, thus there s no
relationship between the two variables.

The ANOVA test for the hypothesis that Ry
= 0 shows that Fatuues = 0.600 and Fgunam
= 0,445 thus Fujulua I anibcant The
hypothesis that R* = 0 is rejected. indicating
that there is a hinear relationship between the
two variables The relationship is probably
curvilinear or there 1s u greater possibnhity of
chance varation. This is illustrated by the
large standard ervors of the slope.

Orientation (Xs)

The regression analysis output Table 8
shows that the correlation coefficient 1 =
0.056 and coefficient of determumancn R =
0.03. The r is positive which implies a linear
relationship berween orientation and the

mean annual energy cost.

The slope was - 1909 689 and the mtercept
= 254691 190. The regression equation was
E = 25469.190 - 19091.689 X,

(33600.678) (K4785.916)

The labculzied = - 0263 and L,Pﬁ;g =0777
thus to)cuuat < tig e Showang the
possibility of positive slope

The ANOVA 1esi showed that Facwe =
0.087 thus Fojsiues < Fumisee: the hypothesis
R® = 0 is accepled revesling 2 negative
relationship benween orientation and mean
annual energy cost.

The high standard error of estimate for the
slope implies that the relatonship is
possibly curvilinear or a high possibility of
chance vanaton exists.

Perimeter (X7)
The correlation coefficient was r = 0.044
and the coefficient of determinarion R =
0.002. Thus 1s shown in Tahle 9
The slope 1s 80.095 and the intercepr is
235296.317 thus the regression aquation.
E=235296.317 - 80.095 X-

(52728.709)  (343.350)
The tanutent = 0.232 and topisee = 0.818
thus Lacutues = logusices Which indicates the
possibility of 4 neganve slope.

The ANOVA jest reveal that Foiiny =
0.054 and Foggean = 0818, thus F oo <
Fugnca -~ The hypothesis R2 = 0 15 upheld
confirming that 3 negatve relancaship
exists between energy cost and penumeter of
the building The standard error of esnmare
of the slope (B)) is large showwng a
possibility of chance vananon
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Conclusion
The study has shown thal archiectural
design Camables such as floor area,

serumeter finor area ratio, glazing height of
swiding shading onentauon and perimeter
o Plucace energy consumplion cost in office
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buildings. It was also reveusled thut there is
significant  relationship  between  the
architectwrgl design varinbles and energy
consumption cost. All the variables explain
over 62.6% of the variation in energy

consumption cost
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The conclusion dered from the maodel is
that the designer during the design stage will
have contol of about 626% ul energy
consumprion cost of the bl"ldiﬂg Ihis
percentige would however increase as more
infaemanon on how buildings use energy is
acquired. Consequently, this will result in &
sigmificant reduction e the cost of utility
wervices  in - office  buildings, hence a
‘eduction in the running cost,

Recommendations

The development of energy conscious
building designs <o as o reduce energy
consumpion costom new buildings can
hasically  be achieved by paving more
attennon 1o architectural design vanables
that mfluence the cost  of  energy
consumpnon and the adoption of cost-
effectve strategies for designing energy-
efficient office buildings with minimal
runnmg cosis

(1) The designer 1s seriously constrained as
far as floor area s concemed. It is
recommended that even if the designers
cannot conwol the floor area, they should
avand deep plan buildings, which would
significantly rely oo arnficial lighting and
venulanion. Buildings with extensive floor
areas should adopt other principles of
passive design to ensure energy efficient
buildings

(2) The designers should carefully control
the shape of the building; complex shapes
result to higher energy costs. Complex
shapes are however uscful where nutural
lighting and ventilation ix being maximised
(3) It is important to pay altention (o the
efficiency of shading to be used
buildings Thix 1s important (o wvoid cases
where shading 15 only effective T shorter
perinds in the year The shading clements
should also be able to dismipate heat nway
from the building.

Finally to reduce energy consumption in
buildings there isx need to adopt enecrgy
conscious design principles from inception.
Winch and Burt (2010) suggest that a co-
ordinated  design concept whereby  the
design of the bulding labnic the functions
ol vanous spaces, required environmental
condinons  and  external  environmentul

Saba TNty B idiake

factors should be incorporated 10 produce
enerpy snving design. To achieve energy
conscions design there should be general
awareness on the need 10 conserve cnergy
use in the built environment considering the

inndequite power  supply  situation
expericnced  in the  country The
Government  should lead on this by

providing detailed energy use pohicies that
should sel energy use standards. These
would provide encrgy use yardsticks (o the
clients and the designers, thus promoting
energy conscious design.
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