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Architectural Interventions foy Passive Cooling of Hotel Buildings
i Minna, Nigeria
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Globally. hospitaliy ranks asbemg highmenergy demand and high energy consumption. Energy isused

o provaie QonHOTE andsenvees i hotel buildmgs, accounting for20-5074 of the energy nse. In Nigeria, the price
of CACTRN S .x AP bas vapidly mcreased which underscores the need for eneray conservation for
anzamable !‘lf" ldings. the mpat ofthe built environment professionals. The aim of this research was to find from
he opIOn Of ‘ih-: Built environment professionals on passive techniques as it relates to energy conservation on
a ol hotel butldings in Mmna. The methodology used - carrying out this rescarch was by

Jevinsstmation o 0!::;‘\‘1}0.'.111;1‘;1'-\‘ @ the built environment professionals in Minna. The questionnaires were
srahsad wath the atd oTthe SPSS software package and measured using. Pearson product moment correlation
d the Likert m!f and presented with the use of tables and charts with the aid of Micro-soft Excel. Findings
mdreate the nead for more awareness on energy conscious integration of passive designs in hotel design to
roduce dependenee on energy use which could be electrical or mechanical for lighting and thermal comfort. The
aaper concludes that passive techmques in building designs could lead to hotel buildings that are encrgy

cMcient. sustainable and environmentally friendly.
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to adhere to, in elevating the effectiveness of public

1.0 Introduction
partin design process (Ibrahim, 2017).

The ncrease in energy costs and environmental
Jiasters has caused a global resolve for a more
sustainableand long-term presenvation and better
quality of hife in the-twenty first century and
hevond Mohamed, 2017). The hotels being a part of
the hospitality indusiry play are Important as uests,
visitors, and tourists are offered accommaodation and
s allied facilities in exchange of payment(Chan &
Mackenzie., 2013). Therefore, it 1s imperative for
owners and managers of hotels to be aware of the
impact of cnergy conservation, their running costs
and carbon emissions on the environment (Chong &
Ricaurte. 2014:Hotel Energy Solutions, 2011). Low
energy efficiency practice has consequently made
hotels to take up a bulk of the encrgy and resources in
the hospitality industry (Bohdanow iczer al., 2001).

It is therefore necessary that the opinion of the built
environment professionals in every society on the
pressing issues ol using passive techniques and
energy use in building is known so that researches
can be made in such a way that they are tailored to be
related to and applicable by the profesionals. The
factors that can influence the use of passive
techniques for energy conservation and  energy
efliciency in Hotel buildings in Minna as studied in
this paper includes;
«  Acceptance of passive design techniques for
lighting and cooling (which includes

ventilation)

«  Suggested possible minimum time ot use of

Researches carried out on buildings in Greeee, : g \

China. UK. Malta and UAE suggest that cnergy active qualities for lighting and cooling
efficiency is atainable when approached with . 3 i :
tixacncy 1s attal Nt + Importance of passive techniques i some

approprate measures (Goneales &Yousil, 2013:
Wang er o/, 2015:Krestimt, 2017 Jonesact al,
201 Tidbrahim, 201 7). Invecent times, several etTorts
are beng directed to achieving sustainabihtyacross
all sectors in the society. As a result of these eflorts,
differery groups have generated their own mlin%
:‘;?f::;miﬁ::ralrc.nm-‘ .”K:":(.MLl::I ;l‘:ll:l(iilitl\l;:tm;t) . C‘ h:lllcngc§o!'imc‘gruli.ngpnssivctcclmiqucs
eV e . have s¢ in hotel buildings in Minna
~achieving sustanability, other groups have set up
authorization points that require every construetion

selected parts of a hotel ftor lighting and
cooling

13

< Most suitable passive techniques for hotel
buildings in Minna metropolis
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2.1 Hotel Buildings and Ener
Consumption

Hilton Team (201 3 moted that eneray is logically the
second or third major cost for a regular hotel, as itis
imperative for the use of power appliances, heating,
cooling, lighting and air conditioning. The
International Energy A geney(LEA) (201 3also noted
that buildings have a share of about 0% of Total
Final Consumption (TFC) globally as an energy
source. The revenue of a full-service hotel has
between 4% and 6% going to its operating COsts,
There is apossibility of saving 20%0-30% by
reducing energy use ftrom the lighting svsteny,
heating, ventilating and air conditioning s vstems (E
Source Customer Direct Brochure, 2004
International  Cablemakers Federation(1CE-
International), 2008). 1t was found that heating,
catering, domestic hot water and lighting are the
main energy consumers in a hotel building
(CADDET, 1997). Hence, the key elements to be
engaged inorder to be able to lower the energy usage
in a hotelbuilding are the HVAC (Heanng,
Ventilation and Air Conditioning), lighting svstem
and laundry. (San Diego Gas & Electric Company
(SDGE),2010).

The comfort of the guests and staff in a hotel can be
ensured along with the reduction of operating costs
when energy conservation measures are properly
applied (E Source Customer Direet Brochure,
2004). According to Wanget al (2013) the feasibility
and possibility of reducing energy consumption is
surcbecause there exists a variety of factors that have
been recommended. The reason for it is that they
lead to high level of energy use ina hotel building
and they include the climate ot the location of the
hotel, the hotel features, the techntcal equipment and
the building materials used (Upadhyaver al. 201 7).
The actions of the occupants inhabiting in low
energy buildings contribute largely to their actual
energy consumption (Jonesaer al. 2017). Low
energy design of urban environment and buildings in
heavily populated regionsneedcontemplation of o
broad array of factors including urban setting,
transport planning, energy system design, and
architectural and engineering details (Omer, 2003).
Kapiki (2010) pointed out that in Thessaloniki in
Greece.certifications and cnergy-saving practices
for; electricity and water consumption reduction age
important in addition to the fact that deliberate
energy saving measures on hotels can show the way
to the reduction of their operating costs. ’
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2.2 Passive Design Teehuiques for | gy

Energy Use ‘

The challenge for architects v ‘
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energy  buildimgs e @ vost cleative .
em il“\‘;tuncm\ll[\ responsive Wi The sk o
pprovemant of l\hs‘ qaanttes of ghe t\.‘},\:?
cnvironment amd livig condions showid \
cncoutaged by the buil\'\‘m RO POt
(Omet, 2000), Infegrating passie wehnigue O
building design EOVURT Q4 S0 *‘J'.!“:,“};\:“1‘;‘:.‘3_;",‘,':‘\' ;::‘\;'
analysis of theral comtort, eneny Petfosmance
and the tocal eclimawe of the surhdingt Mikler, B
& Bretnes, 2000 .Selectg the ““I?\‘?“‘\“:‘”-S‘\;
wechnology and oqupment and

conddittoning and lighting cneray wse i the
SRRy Sav TITAN in the hote! (G, Zhao, X \,
20120 Greeeelt was found e @ weseareh iy,
Krestinitt (207, throngh stualanoen tha \‘
CVClOPR ICRSUETS can causenotewerthy thiction,
that wvolves both heating and vooling neads
theretore implying  thatinegrating  pasive
techniquesis good OF SRRy conservation
usetulecononueally,
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The hotel proprictors and  hotel dosigne
haveimportantoptions o think about, the carny
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investment that s both imteresting and 1ot oo oo
demanding and has very low mupacts on e
environment (Parpart, 2017) Inegrating pasive
techoiques in the destgn ot butldings have boes
discoverad to be schemes that could be efficionia
Causing  adecreRseil energy  costuption wid
diversefactors like elimatie sone, butlding tipology
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Acvording o theKS Architecty( 2009) anchitwvwe!
group, there are thiee prinwaey factors that ane o N
critically. considerad in determination of o
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Lo i ventilation
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Figure 1.O: Integrated Energy Desipn Process
Source: KS Architects, 2000

These factors also play a role on the peneral
aelibemng of the occupants of the hotel building and
this 15 often evident through the equipment, fixtures
and fittings like the lighting bulbs, revolving fans
and zir conditioners that are installed in the hotels al)
wwards maximum  comfort. Akandeer «l.,(2015)
noted that the design and construction stages are
basic and important in the provision of energy
efficient buildings that are comfortable and eflective
2t their designated purpose. To that effect, in making
2 better mdoor environment quality, the following
are involved: daylight. ventilation, and
cosimgihitps:‘www.whittlesca.vic. gov.au).

Lzusu:-nl‘.?ﬂﬂ%)huggesls that achieving  energy
<ficient built environment with less expense starly
& carly as the design phase from the costs of some
ehiciency improvements like: construction costs,
ey amprovements, works on the building
Sntiope and HVAC systems. Some constructions
%2t might need efficiency improvements include
snerete floors and hidden pipes or foundations, The
Htzie in the energy efficiency of an entire
bailding can be started by consdenng both the
3?;:’:;,_’.5;1;‘-7;:‘1 and energy design's mgcthcr'. As the
"ihanical systems, electrical systems, and
®ucturel systems would be affected in the
"eomporation of passive solar technologies and the
Pipiementation with the guidance of information

b . .
2 busiding simulation software (Litt)efield et al.,

L:-‘ p) .
Iy December, 2030

g1

Therefore, the process ol aclieving encrgy
conservation an i bidding would best work s
integrating passive technigques witl the vatiables in
the building design stage() ewin, 2000) 1 lie eoserne
of secking the view of the Bt Fvironmeit
Professionals (BEPs) i terms of passive fechnngues
forenerpy etficiency and conseryation was dediced
from the conclusion of the works of Opier (20045,
Guet al (2012 ) and Parpinnn (20107 ) wehich spprested
thaat it s possible for the building profestionaly o
achieve low encryy buldings cven from the estpen
stage. As they comnbate in the conception, desipm,
planming and registration of the building befoge ity
construction. From  the Ieratures that  were
reviewed, it was deduced that 1the use of passive
techmiques for eneryry conservation and encrpy
cificicncy in Hotel buildings ase viable, Thew can
also be applicd in a wide range of ways along with
the minimutm use of active quahities lor fighting e
cooling '

3.0  Research Method

The aimn of this research was 16 pin poim from ihe
opinion of the built environment professinnals thier
perception of passive techtiyues o energy
conservanon and efficiency on the design of hote)
busldings in Minna. The findiges were weeirhied 1
observe the flow and tend of the spiniony of (he
BEPs, The BEPwconvidercd  nclude architets,
builders, quantity surveyors and Civil stz

Afehiculinge Feecianini
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Tl 100 <3 oo AL
e swmphng wehmgue used for this sunvey results from the QUESHONMMICS WEre meaire)
wasatranied  random samphingmethod, with the using, Peanson pn\ducl moment correlation angd e
Archtevts as the designens of the burtding taking the Likert scale and presented on tables and chart,
mant of the drata with 307, as s on Table 2 0 and
o The Archutects Regitration Counail of Nigenia 4.0 Results and Discussion
CARTUONKN 2013, the number of aceredited
archaects hocated in Minna was about 23 Henee “)‘ The outcome proves Opiions on passive |CChm};*,.»;
vquosttonnanes were allecated  for the strata ol from the view of the Built Environmen
archiedts as the prime consultant The Nigenan Professionals on the usetulness and application
fnstitute of Archiects, 20000 with room for an hotel butlding designs meonserving energy Thers o
mercase as at the e survey was tahen while the a wide range of opmions on the pereeptions and e
questionnarres for the other professiomals were of passive techmques that were suggested tfor the
lovated by guota with 20 going o builders. 13 1o energy conservation in the hotel butldings in Miers
guantity sunveyors and 100 il structural The results from the questionmures that e
engneers, while 25 were administered to planners, administered 1s discussed with the use of donghae
eatate valuers, mechameal and electnical engineers charts, stacked column in 3D, Pearson product
( Table 1.O) moment correlation,  Likert scale and bubble
. . diagram It can be seen from Figure 2.0 that o hh
The questionnaire is made up of two sections as, the percentage of the BEPS view that passive techaguns
first section s made up ol \‘lmgd ended questions can be used for energy conservation in the how!
about encrpy conservation and s relevance m the buildings in Minma il is in aurecment with KS
design ot hotel butldings and the \cg-m.hl section 1 .lrclnlcu.h (2009) 85 ,“ il '.w-l;w gt
\.‘)!“P(i\gf\l of open ended questions imquinng of the maximum utilization of p;.;\hi\‘c h:‘chﬂ:qti':'* for
their opron on the passive techniques that can help day-lighting and passive cooling, there would & |
i energy comervation and the possible challenges times in which active altematives may be wed &
that could atlect their application m_hnlcl_!uuhhn;:s supplement umi - lh;\ cl'li:cl lhmc';i\-n'.c o §
i Mupa Frehiy three (R3) questioniinres were stlaki e rci]uircd for ‘ specific period of time :
answered as at the moment they were prcked up, i s i
with 89 169 of the closed ended part ot the
questionnare answered and 83.13% of all the |
retrieved  questionnaires had thcupcu cndcd
guestions responded o Out ol the N3 questionnaires :
collected were 32.5% fropmchitects, 16.9% trom 5
quantity  surveyors, I‘U"Li- from hm[.dcn. and
building technologists, 6% from civil engineers and
25 30, from the other professionals (which
'mc.ludczq»l;mnc:.-i. estate valuers aned imechanscal and
electrical engincers). The daa retneved were 7
“analysed with the aid of the SPSS pickage. The
Yl 3(1), December, 2020 42 Arehienltire Joutusl .J
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of Hotel Bwldmex m Minag

Architocnural Interventions for Passive Cooling BhR A
—
Table 2.0: Correlations of Suggested time of use for both artificial lights and HVAC Systems
T Awificial fights  HVACT
- ' bl Lt el e
Pearson Correlation I R
e e Sig. (2-tailed) 012
Artifici ‘ S . ¢ TG e
WHISHE Sum of Squares and Cross-products AR.763 15.380
Covanance H10 {7
N 8] 79
‘ ——
Pearson Correlation 282 I
~ o " - "
) Sig. (2-tailed) 012
HVAC Sum of Squares and Cross-products 15.380 64688
Covanance 197 819
N 70 R0
®x = & > . i S 1
- Correlation is significant at the 0.03 level (2-tailed).
A one-sided scoring of 1-4 was > o the important section of the scale of measurement. The
g as allocated to the importas ¢
diverse alternatives for the respondents due to their number of respondents in each secnion s multiplied
insight of the variable being considered. The scoring bv the weighted score allocated 101t the caleulation
of the alternatives includes: Verv Unimportant (1), for this is shown in Tables 3.1 and 4.1, the total score
Unimportant (2). Important (3) and Verv Imporant across the rows are added up and offered as the total

(). Tables 3.0 and 4.0explains that the majority of attheend of the Table.
the respondents are extends within the very

Table 3.0: Number of respondents per opinion on importance of day-lichting for energy conservation in parts of a hotel building

Measured variable Very unimportant Unimportant Important  Very important  Total
X1 X2 \3 \d
Comndors 5 8 26 33 7
Bedrooms 5 4 33 32 74
Conference halls 4 2 25 43 74
Reception area 7 2 26 37 2
Stairs area B 7 26 37 ™
Restaurant 3 6 37 27 73

Table 3.1: Sum of the respanses on importance of day-lighting for energy conservation in parts of a hotel building

Measured variable Very unimportant Unimportant  Important  Very important  Total
Corridors 5 16 78 140 23

Bedrooms 3 N 99 128 310
Conference halls 4 4 73 17 233
Reception area 7 4 78 148 337
Stairs area 4 14 78 148 i
Restaurant 3 N 1Nl 108 330

Table 4.0: Number of respondents peropinion timporinace of passive cooling (natural ventilation inclusive) for enersy
conservation in parts of a hotel building

Measured variable Very unimportant Unimportant Important  Very important T Total
X1 X2 X3 By
Corridors 4 9 30 0 5
Bedrooms 4 2 12 36 .
Conference halls 2 3 30 38 2
Reception arca 3 4 35 n -4
Stairs area 5 18 13 17 n
Restaurant 4 3 1 B
Val. 3{11, December, 2020 a4
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sfeasured variable Viry uuifnhmmm | l_fi'nvim;')‘r')rt‘:irvii“ Important m.\;i:.r;-‘—i};lﬁ;'_f;";{Nt—r—';al—
gt B T A T

 Bedroanis p p 5 2 250
Conference halls 2 f g.(’ 12 7
JLeception Arci 3 ' . o 2
Slairs arca y . 0 5 20

et A : o - "

Jt can be M}wrvg«l frum;:nb!ca 5.0 ad 6.0 that majority of the respondents are of the opinion that both day-
fighting and p ‘~l I;: coo ;"A we important for the spaces in the hotel, this is imperative of the fact that all the
spaces in a hotel design 1ould hC'C(Jn‘:l(lcrcd for proper day-lighting and passive cooling in order to achicve
enerpy conscrvationand energy cfficiency.

Table 5.0: I({_}.[_J:gf!fanc(! ufduy-!_igh:lnu for energy conservation in parts of a hotel building

\4"" . urt(lVdrld_l_)l“e” e Sum Mean 1 ntcrprctation
Rating of Corridors 74 239 3.23 Important
Rating of Bedrooms 74 240) 324 Important
Rating of Conference halls 74 255 145 Important
Rating of Reception arca 7 237 3.29 Important
Rating of Stairs arca 74 244 3.30 Important
Ratir)g of Restaurant 73 230 3.15 Important

Table 6.0: importance of passive cooling (natural ventilation inclusive) for energy conservation in parts of a hotel building

“Measured Variable Sum Mean Interpretation
R:n!i;l—j;'—(;f Corridors 72 219 3.04 Important
Rating of Bedrooms 74 248 3.35 Important
Rating of Conference halls 75 256 3.4] Important
Rating of Reception area 74 244 3.30 Important
Rating of Stairs arca 73 208 2.85 Important
Rating of Restaurant 73 241 3.30 Important

towers, H-Use of air tunnel, open corridors, green
roofing,solar shading and use of traditional building
materials, I- Use of skylights, J-composite
construction, K- Use of light tubes, L- Use of curtain

walls.

Most of the professionals belicved that both passive
cooling and day-lighting arc important (about 46%
and 42% respectively) and very important (about
40% and 51% respectively) in the sclected arcas
(corridors, stair arcas, bedrooms, conference halls,
reception areca  and restaurants) for encrgy _ .
conservation to be achieved in the hotels in Minna The most popular passive tc<_:hmquc was found to be
City. The results obtained from the open ended the ‘-‘A”— use of the openings (this includes the
questions in the questionnaire showed the popularity consideration of their sizes, location, quality, types
of the respective passive techniques known (0 the and quan_tll)_/) to aid in enhancing day-lighting in the
BEPs through the sizes of the bubbles and thp !}ot’c’:l buildings while. for passive coo_lmg‘,‘ |t was
fespective purposc of their application with their D" proper landscaping. Techniques like “I”, *J™,
location of the differcnt axes on the chart on Figure. K™ and “L ‘\:vc.r‘e“()r}!y“m,l,g‘g‘es,t‘ed qu df}Y‘hghtng
0.0. On Figure 6.0; A- Use of openings, B- Use of and similarly “D", “E”, “F”, G” and “H” were only
courtyards and atriums, C- Building orientation, D- suggested for passive cooling.
p, Toper landscaping, E- Use of shading dcviccs,. F-

Evaporative cooling, G- wind catchers and wind

Archiculture J
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Figure6.0: Suggestions of passive techniques for hotel buildings in Minra to capme enerm copseryatioe

Source: Author's fieldwork. 2017

The challenges that the Built Environment
Professionals face that could also affect the use of
passive techniques for energy comsenvation in
Minna as shared by the BEPs are outlined on Table

7.0. They are outlined in descending order based on uncertzinty
popularity; the most common challenges shared by conservationina buildng.

Table 7.0: Challenges for passive techniques for hotel buildings in Minna

S/IN Challenges according to the BEPs

Feared cost of maintenance and application

Little or no awareness
Unavailability of materials

Client requirementis

Government development control agencies
Insufficient skilled force for building construction
Indiscriminate construction of buildings
Little or no proper site analysis
Ignorance on the part of the professionals

NN A N~
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<0 Conclusion
ql

[he opinion of a majority of the Built Environmen
Prulbssinnuls ‘ : |

ssive techniques for more daylight and passive
Looling could be effective in-achieving energy
conservation 1n hotel buildings. Tothat eftect, the
minithel tispe [.hm 1 majority of them opined that
e need for active qualities Tike artificial lighting
and Heating Ventilation and  Air conditioning
“M\C) BYje S could be rcquircd.Acu‘n-('ingl('m
520 and 48 of the BEPs, it would be for about 7-

[2hours in a day, for energy cfficiency in the use of

me HVAC and artificial lighting  systems
respectively. There was also an agreement {rom o
majority of them that proper day-lighting and well
introduced passive cooling techniques in the arcas in
a hotel building is important for cnergy
conservation,

[twas found that there was a significant relationship
between the opinions of BEPs for the minimum time
of use for both the HVAC and artificial lighting
systems for cooling and ventilation and lighting

respectively. The test for the level of importance of

Energy conservation in some selected areas of the
hotel building (they include: the corridors, stair arca,
conference halls, restaurant, bedrooms and the
reception arca)showed that energy conservation is
important to all those areas in the hotel building. As

such, both day-lighting and passive cooling if

passive techniques should be applied in every space
inthe hotel building. Some suggested passive design
techniques that could be used for cnergy

conservation in Minna includes; strategic use of
openings, courtyards and atriums, optimum use ol

Building orientation, Proper landscaping and the use
ofshading devices.

Inconclusion, the BEPs in Minna have an idea of the
need for energy conservation in the built
environment as well as their needed contributions
towards it. But, the challenges that could come with
the incorporation of passive design techniques are
what could be affecting their interest in them.Further
research on the design of buildings would help also
in achieving better hotel buildings that are not only
energy efficient but also, sustainable and
environmcnmlly friendly.

Vol 3(1), December, 2020

(BEPs) was that the application of
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