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ABSTRACT

The world faces the problem of energy crigigeria, not being an exception faces the
same problem as its generating capacity is below 5000 mega®atties have also shown
that only 48% of Nigerians have access to electricity, ranking Nigeria among the lowest in
the worldGenerally, buildings uss approximately 40% of the total energy consumed
globally and represent 33% of the annual carbon dioxide emission that causes global
warming. Hotel buildings use&0% out of the 40% of the energy consumed by buildings.
Considering that hotel buildings reprs e n t a | arge proportion
consumptiorThis suggestthe need for urgent and concerted action by all stakeholders in
the construction industry to minimise ecologickgradation on a massive scalEhe
research approach is quantitative inature and adopts both primary and secondary
sources of data collection. The research instruments utilized dtirengourse of the study
include; Self administered questionnair@and Non-participant observatioiiterature
review utilizes the review of erks done on the subject drawn frgmblishedbooks,
articles, journals, papers and officiabduments of professional bodesd anenergy audit

was used to studyhe energy use patterns, principles of passive cooling and the
architectural requirement of three selected hdialldings within the composite of hot
humid/hotdry climate of Nigeria.The research has disaggregated energy demand in hotel
buildings into celing, lighting and other appliances with cooling accounting for 57%
followed by applianes with 30% and lighting 13%l heresearch has alsestablishedhat
energy consumption in hotel buildings within a composite ehbotid/hotdry climate of
Nigeria is 157kWi/m2 Computer simulation has further revealed that theerage
normalized cooling load for conventional material/construction is 126k¥wime that of
optimized material/constructions 88kWh/mz Finally, the research recommendthat
cooling enduse inhotel desighe targeted by integrating principles of passive cooling as
thiswill provide a substantial savings energy consumption of up 46%.

XXili



1 INTRODUCTION

1.1 Background of study
Over the past decades, it became possible Wwerativent of oil, gas and electricity to disregard
completely the effect of climate in the design and constructidnuildings as needs weneet by
mechanical aid§suyer, 2013 Although mechanical aidsvere successful in comifing the
internal environmant, but hey were dependent entirely on the use of large quantities of
energyRowe and Piechowsky, 2007joday, high energy &bs impose restrictions on the
applicationof these mechanical amtbile energy sourcesleplete Larson, 200k The rapid
increase of the world population, especially in the third world, reduces the amount of energy
available per capita which increases the importance of energy consdgRatiewable Energy

Policy Network for th1st Century REN 21, 2013)

Sawin(2013)in the RenewableSlobal StatusReport(RGS stated thatUnited Nation has been
investing a huge sum of money in its sustainable energy for all initiative to achieve universal

energy access for all. Achievinigi$ objective has risen to the top of international agenda.

Today, he world population has risen to about seven billion and is geometrically increasing,
according tothe RenewableEnergy Policy Network for the 21st centurfRenewale Energy
Policy Network for the 21st Century REN 21, 2018he Energy Information Administration
(EIA)) in theUnited States of America (USA) has predicted that in the twenty first century, there
will be substantial increases in energy demand wimi¢hbrn will increasecarbon dioxidgCO2)
emission due to numerous human activi(iesA, 2009) Similarly, Sawin(2013has reported in

the REN 21that the current human population of seven bill@sincreasd the generation of

greenhouse gases to 400tpaper million of atmospheri€arbon dioxide €O2 potentially
1



enough to igger a warming of two degred3elsiuscompared to prendustrial levels.This
increase of greenhouse gas emission is expéatedcurbecause ohumerous activities leading

to eanomic growth in developing economies of the wgNtichell, 2012)

Meeting the growing energy needs in a climeatastrained world requires a fundamental shift in
how energy service is delivered and udeergy conservation @asures areental to achieving
this objective(Goswami, 2007)According toBeggs, (2002Energy onservatiorwill help in
advancing energy security, economic and social development and poverty allewhtien
mitigating climate chang8imilarly, Energyconservation caralso increase national energy

securityandwilh el p t o i mipterratoeahbalanceminpaymegi@oswami, 2007)

According to World Watch ristitute@007), buildings uses approximately 40% of energy
consumed globally and produces 33% of all annual carbon dioxide emission that causes acid
rains and contributes to smog formati@imilarly, Awbi (2010)also stated thatuidings are
responsilte for a largeproportonofaount ryés t ot al energy consump

used in ventilatiopheating, cooling and cleaning of outdoor air supplied to the buildings.

United StatePDepartment of EnergySDOE, 2009 studies have also shown that 60% out of
the 40% of energy consumed by buildings globally is used up in heating, cooling and
ventilationGeetha and Velraj(2012)stated that He increasing level of damage to the
environment has created greater awareness at thmatibnal level, which resulted in the
concept of green energy building in the infrastructural séesmlingresearchers, policy makers,
environmentalists and building architediscusing on the conservation of energy and its

utilization in buildings



It is the Hotel sector where energy consumption is of most cdiNagrak, 2005)According to
International Energy Agencg2010),the integration ofprinciples of passiveooling in hotel
buildings is receiving a lot of attentionternationally and the tourism industry is interested in
improving thermal comfort andiir quality throughpassive means so as to minimise energy

consumption.

1.2 Energy Consumption in Nigeria
Worl d Bankdéds data (2014), osrof the evarld, show thabonlg | e ct r
forty eight (48) percent of Nigerians had access to electricity between 2009 and 2013, ranking it

among the lowest in the world.

The Energy Commission of Nigeria (2013), states that the power (about 5,000 MW) currently
generged in Nigeria is inadequate and unstable, forcing a large portion of the industry,
businesses and households to rely on diesel and petrol generators as primaryupr dmcke

of electricity which is expensive and a source of greenhouse gas emissreralby a large part

of the energy generated in Nigeria is wasted due to the wasteful behavior and the use of energy

intensive and inefficient technologiésdeleke et al, 2010)

ThisDay Newspapef2015)r epor t ed t hat Ni geriabds Power Sec
5,500 megawatts. When this is divided by the population of 183 million (CIA world factbook,
2015), there is only 30 watts per person. The household bulbs used are rated 25w, 40w, 60w or
100~ while the 2feet fluorescent tube consumes about 20w. Thus, if all the generated electricity

is used exclusively in homes with nothing for industries, business, and commenteis there

is just enough to light one bulb for every Nigerian.



According to World TourismOrganizatiofwWorld Tourism Organisation (WTO), 2012ptel

buildings have become major sources of revenue to both the governments and individuals as they
represent the major energgnsuming of the buildings stok 6 s t ot al energy usadg
and the profitability of the hotel business depend largely on comfort of the guests in the hotel,
forcing owners in Nigeria to rely on diesel and petrol generators for running their hotels as

primary or backup sourceof electricity.

1.3 Energy Conservation in Hotel Buildings.
According to Energy Conservation Center (ECC, Japan9)2@te first commitment period of
Kyoto Protocol started ir2008, which requires hotel owners to achieve a target of reducing
greenhouse gasressions to 6% below the base yéH990) levels by2012. Approximately 87%
of the greenhouse gas is comprised of carbon dioxide (CO2) from energy consumption. The CO2
emissions have been significantly growing especially in hotel business sectors arzbem@mn

of drastic measures has become an urgent need.

1.4 Problem Statementof the research
The world faces the problem of energy criddigeria, not being an exception faces the same
problem as its generating capacity is below 5000 megavitidies have ab shown that only
48% of Nigerians have access to electricity, ranking Nigeria among the lowest in the
world.Generally, buildings uses approximately 40% of the total energy consumed globally and
represent 33% of the annual carbon dioxide emission thaesaglobal warming. Hotel
buildings use 60% out of the 40% of the energy consumed by buildings. Considering that hotel

buildings represent a | arge proportion of a ¢



United Nations Development Programme (UNDP) with support frolob& Environment
Facility (GEF) in its project to promote Energy Efficiency, in collaboration with Nigerian Energy
Commission (ECN), The Federal Ministry of Environment and the National Centre for Energy
Efficiency and Conservation (NCEEC) principally éses on aspects of energy consumption in
industries, agriculture and transportation with no specific reference to energy consumption in
buildings. Similarly, the Nigerian National Building Code, (2009) was also evolved with the aim
of setting minimum staradds on buildings prdesign, design, construction and post
construction stages to ensure quality, safety and proficiency in the building industry. However,

this document made no reference to energy conservation in buildings.

The rapid development and hazard constructions taking place in most Nigerian cities, adds to
the need to create awareness on energy conservation techniques in buildings with minimal

impacts on the environment in tandem with the curmgernational best practice.

More sq a large prt of the energy generated in Nigefwehich is inadequate¥ wasted due to
the wasteful behavior and the use of energy intensive and inefficient technoldgies
buildings could make a far greater contribution to energy management if their perferrmanc

measured and understood to ensure continuous improvement in their energy conservation.

15 Aimand Objectives
This thesis is aimed at minimizing energy usage for coadingotel huildings through the

evaluation and application pfinciples of @ssivecooling techniques.

Specific objectives of the study are as follows:

I.  To identify energy consumption patterns in hotel buildings
5



To identify the principles of passive cooling in hotel buildings

To identify the architectutaequirement of hotel buildindesign

To simulate the effect of passive cooling strategies on energy consumption in a
proposed hotdbuilding.

To integratepassive cooling strategi@s means of energy conservatiorthe design

of afive star hotel inMinna, Niger state

1.6 Research Queions

During the course of tis research, the following questions are raised to assist in the research

process.

What are the energy consumption patterns in hotel buildings?

What are the principles of passive cooling in hotel buildings?

Whatare the architgtural requirementsf hotel buildingdesigr?

What is the effect of passive cooling strategies on energy consumption in the
proposed hotel?

How canpassive coolingstrategiesbe used as a means ehergy conservation in

thefivestarhotelto be situated iMinna, Niger state

1.7 Justification

The needo evolvearchitecture that would respond to the changiimgate of the World and the

global boom of the hotel industry promoting green buildings to solve the problem of climate

change The effect of this phenomenon needs to be intercepted from differglet ianorder to



conserve energy.hothing is done, greenhouse gas emissions from buildings will be more than

double in the coming years.

Implementing simple and inexpensive energyscenr v at i on measures coul d
much as 20% (Carbon trust, 2013). Similarly, Lighting control, optimising room and water
temperatures, and raising energy awareness among staff are some of the simple energy
conservation measures in hotdigually importantly, energy efficiency measures are likely to
benefit the reputation of any hotel establishment. In addition to financial and customer service
benefits, there are social and environmental advantages to reducing energy consumption, such as

minimising climate change (Carbon trust, 2013).

1.8 Scope
The scope ofhis thesiscovergprinciples of @ssivecooling in hotel buildings theaminimizes
energy usage inomposite ohothumidhot-dry climates.An energy audit iconducted in some
selected hotdbuildings to ascertain the amount of energy consbewery year and a simulation
is conducted usin@omputational Fluid DynamiddFD) software(Ecotecj to see the possibility

of saving energpy adopting principles gfassivecoolingin hotel design

19 Resarch Methods
The researclapproachs quantitativein nature andadoptsboth primary and secondary sources
of data colleagbn. The primary source employise use of case studies of relatedel buildings
while the secondary source utilizéise review of works done on the subject drafsom
publishedbooks, articles, journals, papers and official documents of professional bodees.

research instruments utilized during the course of the study include:



I.  Self administered questionnaire

ii.  Non-participant observation

Statistical and parametric analyssonducted during the research. The data colletteg the
energy audits analyzed using descriptive and inferential statistical analysis while the parametric
analysisgives predictionsmade bllowing malification of variables in the Computational Fluid

Dynamic (CFD) software.

1.10 Research Development

This thesis consistsf severchapters:

Chapter One which is thelntroductiorgives the background of study, problem statement, aim
and objectives andesearch questions which are intended to ansaemobjectiveswvhich are
tailored towards achieving the aim of the resealtchlso covers motivation, justification and the

scope of the research.

Chapter Two which is the theoretical framework looked into information for understanding

passive coolingrinciples and eergyconservation in hotel buildings.

Chapter Threefocuseson the methodology that will be employedachievethe set objectives

in the process of condting the research.

Chapter Four presems the data collected fromenergy auditand simulationusing the

computational fluid dynamic softwafEcotecj.



Chapter Five is thefindings made from thenergy audiand the simulation softwar&¢otecy
with regardto passive coolings a means of energgreservatioranddiscussion of the findings

with respect tmther views and opinions discovered from the literature

Chapter Six is design report otthe proposed hotel. Key design requirement and how the

researchindings are incorporated into the design are discussed.

Chapter Seveis the conclusiorand recommendation. In this chapter, summary of findings,

contribution to knowledge and areas of further research are discussed.



2 LITERATUREREVIEW .
2.1 Preamble
This Chaper forms atheoretical frameworlcoveringprinciples gfassive coolingand energy
conservation in hotel buildings. It further covers information regarding climate and factors
affectingpassive cooling in a composite of Hatmid/hotdry climate It also lods into hotels
types and their star rating classification and finaihgspatialhotel standard requiremegaiding

successfubelivery ofathree star gardeimotel designs also reviewed

2.2 Effects of Global Climate Change
The Intergovernmental Panel @imate Change (InteGovernmental Panel on Climate Change
(recc), 2007) described Africa as fAone of the
Climate variabilityo due t o soci al, economi
susceptibilityto negative impacts and contribute to low capacity to cope with and adapt to the

climate hazards.

Improved Energy conservation techniques are critical response to the pressing phenomenon of
climate change, economic development, and energy security faxgng countries worldwide
(Inte-Governmental Panel on Climate Change (IPCC), 2007). It has been observed that different
regions of the world are already experiencing the impacts of this climate change as this is evident
in the rise in the sea levels, chang the amount and pattern of precipitation causing droughts,
changes in animal migration and life circles, Higher temperatures and more heat waves as well as
expansion of subtropical deserts and melting ice bags in the polar regions as shown in Plate |

(WGBC, 2013).
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Plate |: Effects of Climate change around the World.
Source: World green building Council, (2013).

2.3 Passive Cooling
Passive coolindpas been used throughout history for cooling i | dteriorgndvarious ways
(Emueze, 2013)Passive cooling refers to techniques employed in building design in order to
prevent and modulate heat gains so as to achieve thermal comfort within spaces in
buildinggBRANZ, 2011) Passive cooling involves theise of natural processes for
heating/cooling so as to achieve balanced interior conditions by preventing heat from entering
into the building or removing excess heat from the building. Passive cooling techniques helps to
reduce the peak cooling load inillings, thus, reducing the size of air conditionaguipment
and the period for which it is required. Passive cooling is also an approach to building design that

uses the building architecture to minimise energy consumption and improve thermal comfort.
According to Geeth&012, passive cooling in buildings is classified itiam clasgsnamely:

i.  Heat Prevention/Reduction (Reduce heat gains)

11



ii.  Heat Dissipation (Remove internal heat gains)

2.3.1 Heat Prevention/Reduction

This is a passive cooling technique whighneventsheat from the surrounding from gaining
access into the building. It also involve means of reducing the surrounding heat by employing
cooling measures which when the surrounding hot air gets in contact also becom&slenol.
control is the primar design measure employed to prevent heat from entering the building.

Some of the solar control measuassoutlined byGeeth2Q12) include:

I.  Building Orientation: Thisinwlves placing the building on the site taking
cognizance of the sun path so as toimise surfaces exposed to solar radiation.

ii.  Shading devicesThis includesoverhangs, awnings, exterior shades, venetian blinds,
curtains and drapers.

iii.  LandscapingThis include all soft landscape such as plants, treesvhich absorbs
most of the solar radiation incident on to the buildaygowering the air and surface
temperatures as well as increase the relative humidity of the surrounding air thereby
making the air cold.

iv.  Building insulation:Heat naturally flows frona warmer to a cooler space; insulation
provides resistance to heat flow, thereby reducing the amount of energy needed to
keep a building warm in the winter and cool in the summer. Building Insulation is
frequently discussed in terms of its ability to resis h e a t f | -ocalue. Aor It
variety of insulation options exist, including blanket, concrete block, insulating

concrete forms, spray foam, rigid foam, and natural fibre insulation.

12



2.3.2 Heat Dissipation

This is a passive cooling technique which removesssxbeat from the interior of a building by
the use of natural heat sinkséeat dissipation techniques deal with the disposal of the excess heat
in a building to a heat sink characterized by lower temperature, like the ambient aigténe

the ground anthe sky.Some of the heat dissipation measustated by Geeth2012 include:

I.  Natural ventilation(air as heat sink)
ii.  Ground coolingearth as heat sink)

iii.  Evaporative cooling (water as heat sink)

However, only Natural ventilation and Ground cooling aren@oyed in composite of hot

humid/hotdry climate(Geetha2012.

2.3.2.1 Natural ventilation

According toAllard (1998)Natural Ventilation is defined as a strategy for achieving acceptable
indoor Air Quality (IAQ) based on the supply of fresh air to a spacdhtancemoval or dilution

of the indoor pollution concentration. Similarly, Natural ventilation is defined by Og\{2&12)

as a low energy alternative that produces thermally acceptable and improved indoor air quality
(IAQ) of spaces within buildings. Inddition, it is also said to be a means of achieving optimum
indoor air quality free of pollutants that causes irritation, discomfort or ill health in the occupants
(Emueze, 2013\atural Ventilation also plays a major role in maintaining acceptable thermal
comfortby heat dissipation and removal of unwanted gases withildings(Allard and Ghiaus,

2005) Thomson (2011also added that the thermal betoav of a building strongly depends on

its natural ventilation and air infiltration into the building. In the same vein

13



Willmert(2001)stated that Natural Ventilation also helps to remove moisture from buildings to

alleviate dampness.

Natural Ventilation $ possible through the utilization of a natural driving force. This is achieved
by basically relying on winar thermal buoyancy or both as driving forces. Taking advantage of
these basistrategiegpromotes passive cooling in buildings. The wind driven @redthermal

buoyancy camccurseparatellgut frequently occur at the same tikdeiven, 2003)

2.3.3 Wind Driven Ventilation

Wind Driven Ventilation occurs as a result of various pressures created by wind on the building
envelope. According to Kleiven (2003), as naturally occurring wind blows towardgdng,

the wind hits the windward wall causing a direct positive pressure. The wind moves around the
building and leaves the leeward wall with a negative pressure also known as a sucking effect. If
there are openings on the windward and leeward sidgkeobuilding, fresh air enters the
building through the openings on the windward side and exit through the openings on the
leewardsideto balance and relieve the pressures on the windward and lesid@sd-igure 21
demonstrate formation of positive andgative pressures as a result of naturally occurring wind

blowing towards a building. i

Naturally

oceurring Wing WINDWARD . LEEWARD
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Figure 2.1 Positive and Negative air pressures on buildings.
Source: Kleiven, (2003)
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Two (2) basicclassesof wind driven ventilation have been identified Byeiven, (2003)

namely:

i.  Singlesided Ventilation

ii.  Cross Ventilation
2.3.3.1 Single-sidedVentilation.

The Single Ventilation relies on opening(s) on only one side of thdatedtenclosure. Fresh air
enters the space through the same side as used air is exf@susiedvn in Figure 2. A typical
example is the rooms of a cellular building with open able windows on one side only and closed
internal doors on the other side. This type of ventilation, the main driving force for is wind
turbulence. In this case, lower ventilation rates gererated and the ventilation air does not

penetrate so far into the space.

| ]
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Figure 2.2 Inflow of fresh air and outflow of vitiated air in a single sided opening space.
Source: Kleiven, (2003).
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2.3.3.2 Cross Ventilation

Cross Ventilation is the case when air flows between two sides of a building envelope by means
of wind-induced pressure differentials between the two sides. In this case, The Ventilation air
enters the space through windows, grills and other opgemtegrated in the facade. The air
usually moves from the windiard side to the leward side. Figure 3.shows air entering the

space from one side, picks up heat and pollutants and leaving from the opposite side of the space.

Figure 2.3 Inflow of fresh air and outflow of vitiated air in a double-sided opening space
Source: Kleiven,(2003).

2.3.4 Thermal Buoyancy Driven Ventilation

According to Kleiven (2003), Thermal Buoyancy driven ventilation occurs when there is a
density difference between the internal and the external air which is caused by temperature
difference between the inside and the outside. This type of atmilis also referred to as stack
effect or chimney effect. The difference in density between the internal and the external air
creates pressurdifference that pullsair in and out of a building through suitably placed
openings in the building envelopk addition, when the indoor air temperature exceeds the

outdoor temperature, an owaressure is built up in the upper part of the building and an under

16



pressure is formed in the lower part, but at certain height, the indoor and outdoor pressures
equals ach other and this level is referred to as the neutral plane. Ampm&sure above the
neutral plane drives air out through openings in the building envelope while anpues®ure

below the neutral plane pulls air in through the openings in the bgileinvelope. Figure

2 Ademonstrate thermal buoyancy driven ventilation with pressure distribution outside and inside

a space as a result of temperature differences.
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Figure 2.4 Thermal Buoyancy in a space with two openings.
Source: Kleiven, (2003).

Stack Ventilationalso occurwhen fresh air enters a space through ventilation openings at a
lower level, whilethe used and contaminated air is exhausted through high level ventilation
openings. A reverse flow can also occur during different condition. Placing the outlet on a region
of wind-induced undepressure can enhance the effectiveness of stack ventilatibypical

example is a building with an elevated central part in which warm and contaminated air from the
surrounding space rises to be exhausted through wind towers located on the roof. The greater the

vertical distance between the openings and the grés¢emperature differencesetween the

17



inside and the outside, the stronger the effect of buoyancy. As a rule of thumb, stack ventilation
is more effective across a width of five (5) times the floor to ceiling height from the inlet to
where the air isxhausted. Figure 2 demonstrate stack ventilation where air enters a space from

two different sides and is exhausted through a central opening located high above the space.

.
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Figure 2.5 Inflow of fresh air from two sides and the outflow of vitiated air in ar
opening above the space.
Source:Kleiven, (2003).

2.3.5 Combining Thermal Buoyancy and Wind Driven Ventilation

When thermal buoyancy and wind driven ventilation occurs at the same time, thaoyahcy

will typically be the dominating driving force on a calm cold day with practically no wind. This
is demonstrated in Figure 2.6, a building with clerestory windows spin away roof ventilators,
vented ridges, eaves and ceilings which allow heat itotlex building in a nil breeze situation

through convection

On the other hand, pressure differentials created by wind will typically be the dominating driving
force on a windy hot day. Their forces can oppose or complement each other depending on the

placement of the inlet and the outlet openings in relation to the wind direction (Kleiven, 2003).
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Figure 2.6 Convective air movement in buildings as a result of stack effect.
Source: Kleiven, (2003).

2.3.6 Strategies for passiveoolingin hotel buildings.

According to Kleiven (2003), cooling can be achieved naturally using elements of natural
ventilation which are used to harness natural driving forces for natural ventilation and to support
airflow through a buding. Table 2.1Ibelow gives an overview aflementsf natural ventilation
together with theirstrategiesand the mode of air suppiyg or extracting aireach individual
element is associated with. It also show whether the individual element is used to extract or

supply end of the aipath.
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Table 2.1 Relationship between the Elements of natural ventilationrad ventilation principles.

Elements of Natural Ventilation Strategies Supply or Extract
Ventilation
Wind Scoop Cross and Stack Supply
Wind Tower Cross and Stack Extract
Chimney Cross and Stack Extract
Double Facade Cross, Stack and single sided Supplyand Extract
Atrium Cross, Stack and single sided Supply and Extract
Ventilation Chamber Cross and Stack Supply and Extract

Ventilation opening in the  Cross, Stack and single sided

facade

Supply and Extract

Source:Kleiven (2003)

i. Atriums

An Atrium is large open space within a building providing daylight and visual amenity for the

surrounding building space (Kleiven, 200¥jtiated air from the building is removed by the

process of stack effect through atriums as warm air is lighter s@slup while coldir is denser

and falls to the grountd also gives an attractive environment that can be used for many purposes

ranging from gardens, cafes or canteens and traffic areas. Figure 2.7 illustrate various types of

atria on building plang&leiven, 2003).
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Envelope Integrated Linear Attached Core

Figure 2.7 Various types of Atria. Source: Kleiven (2003).
Source: Kleiven (2003).

2.3.6.1 Ground Cooling/Coupling

Ground cooling is a technique used for passive cooling as well as heating of buildings which is
made possible by the earth acting as a massive heat sink. It is also referred to as geothermal,
geoexchange or earth energy cooling/heating system. Thisgagttem take advantage of the
stable temperature underground using a ©pipin
Water <circulates in the | oop to exchange heat
earth, providing geothermal heatingpting, and hot water at remarkably high efficiencies. At a

depth 45m below the surface of the earth, both daily and seasonal fluctuations die out and the

soil temperature remains constant throughout the year. This temperature can be used to cool the
floors of buildings using coils of pipes laid below the earth surface with help of compressor
pump which circulate water in the pipes. The water in the pipes gets cooled on reaching the
ground bylosingits heat to the earth by conduction, as it returns tdbthileling its cools the

floors of the building by conduction. This process continues until there is temperature
equilibrium between the floors of tHamuilding and the eartfwww.greenbuilding.com, 2015)

Platelll shows process of laying copper pipes itoarfto be used for ground cooling.
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Plate lll Laying of copper coil pipes for passive cooling.
Source:www.greenbuilding.com(2015).

In winter, water circulating inside the sealed pipe loop system absorbs heat from the earth and
carries it to cool the flag of the building while in summer; the system reverses and expels heat
from the building to the cooler earth via the same close loop system. This system is not only a
natural process but also highly efficient way to create comfertalbhate in buildingsPlate Il

describeghe process of cooling and heating in winter and summer.

Plate Il Process of cooling and heating winter and summer.
Source:www.greenbuilding.com(2015).
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2.3.6.2 Types of Earth Couplingin composite of hothumid/hot-dry climate
There ardour basic types of earth coupling methods. These are as follows:

i.  Vertical ground loop system
ii.  Horizontal/slinky ground loop system
iii. Lake/pond loop system

iv.  Open loop system

2.3.6.2.1 Vertical ground loop system

This type of system is employed mainly in commercial buildings or where space is limited.
Vertical holes of 150 to 400 feet deep are drilled in the ground and a single loop of pipe with U
shape is inserted to have goodntact with the ground. Plate 1\¢ a vertical groundoop

arrangement in a building.

Vertical Loop

Where space is limited, the sealed
piping loop can be inserted in
small holes ranging from 150 to
400 feet deep that are installed
using a well-drilling rig.

Plate IV Vertical ground loop system.
Source:www.greenbuilding.com(2015).
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2.3.6.2.2 Horizontal/slinky coil ground loop system
This type of system is cost effective for projects where there is sufficient space for the loops.
Trenches & feet deep are created and series of parallel pipes @& évepaid inside thenklate

V describeghe process of horizontal or slinky ground l&ystem.

Plate V Horizontal and slinky coil loop system.
Source:www.greenbuilding.com(2015).

2.3.6.2.3 Lake/Pond loop system

This system is economical when a building is close to water body. The pipes are laid under water
and the fluid in the pipes circulates in a closed loop similar to that of uoded)loop system.

The pipes have no adverse effect to the aquatic system\Plata lake/pond loop system.
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When a nearby body of
water is available, the
sealed piping loop can
be submerged under the
surface.

Plate VI Lake or Pond loop system.
Source:www.greenbuilding.com(2015).

2.3.6.2.4 Open loop system

This system is more economical where ground water is of adequate quantityadind tn this
system, the pipes are inserted into a well and the cool water drawn from the well is circulated
into the building and finally discharge through an open ended pipe into the surroundings. Plate

VIl shows a typical layout of an open loop syste

Where groundwater is of
adequate quantity and quality,
well water can be directly used
instead of the sealed piping loop.

Plate VII : Typical layout of an Open loop system
Source:www.areenbuildina.com(2015).
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2.4 Principles of Passive Cooling
The principles of passive cooling and ventilatamearchitectural design approach and strategies
that are climate responsiwehich provide comfortable indoor conditions naturally. These
principles help in collection, storage, distribution and control of energy flow by natural process
of cooling and ventilation into the building. To prevent heat from entering a building or to

remove i depends on two conditions:

i.  Availability of heat sink which is at a lower temperature than the indoor air.

ii.  The promotion of heat transfer towards the heat sink.

Some of the passive cooling principles as outline bitz24200) are shown in Tabl&.2 with

their features and applications.

Table 2.2 Passive cooling principlestheir features and application

PASSIVE COOLING

Principles Features Application
Building The building should orient The longer side of the building faces Nar
Orientation toward NorthSouth direction.  South axis while the shorter side faces E

West axis to minimize Solar heat gain

Building form A compact building Decreases building energy performance
heating down spaces.

Natural Ventilation -Openings & windows sizes Proper location of opening to enhance cros

. stack ventilation in the building.
-Atrium  for stack @ effect g

ventilation. Vent should also be located in heat gatiag
spaces such as kitchen and laundry to et

-Vents —and  Chimneys  fc dissipate heat out of the spaces.

dissipation of heated air
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Shading devices  -Roof shading, Textured surfaces, overhangs, roof shac
-Overhang shadings and shading by tree.

-louvers and awning
-buffer zones

Landscaping Landscaping environment wit Green plants provided on the surround
trees, green and soft elements environment of the building for solar radiatic
absorb solar radiation rays. absorbance reduces ambient temperature

the walls by 2 to 3 degre€@sisius

Source: Hdtz (2001)

According to Marin, (2007)there are five basic principles of passive coolpeguliar to

composite of hehumid/hotdry climate namely:

i.  Building orientation/Massing
ii.  Thermalmassihsulation
iii.  Ventilation/Air movement
iv.  Overhangs/Shading devices

v. MaterialgConstruction

2.4.1 Building orientation/Massing

Good building orientation increases the energy efficiency of a building making it more
comfortable to live in and cheaper to run (Marin, 20@#)entation refers to the azimuéimgle

of a surface relative to true nor@Cubed, 2008)With regard to building design, Orientation of

a building can significantly affect its potential to capture prevailing breezes and its exposure to
solar radiation(Marin, 2007). An effective passive solar design should assume that the building

is oriented to receive direct solar radiation the most in winter (when heating is required) and
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much less in summer (when cooling is requir@dparin, 2007). Figure2.8 illustratedgood

building orientation for passive solar design.

Winter Sun

Figure 2.8 Proper Building Orientation for passive cooling and lighting.
Source: Marin, (2007).

Good orientation for passive cooling and lighteamgsures the optimum sun radiation from South,
East, West and North and excludes cold unwanted winds during winter and cold months while
ensuringcooling breezes and optimum sun radiation for lighting and excludes unwanted sun and

hot winds during summer drhot months (Marin, 2007).

Similarly, good buildingorientation greatly influencethe solar heat gains and loss of the

building and maintains thermal comfort withthe interior spacegeCubed, 2008)Figure
29showsthatthesuas al ti tude in Nigeria is high in st
peak. Therefore, orienting the longest facade of the building towards Sorithiakes it much

easier to effectively apply passive design strategies for passivag.ooli
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Solar Noon
Summer Solstice
June 21
(longestday)

Solar Noon
Winter Solstice
/ . December 21
f o> 4 (shortest day)

I
Solar Declination |
Aprox. 22 degree North |

Figure 2.9 Solar Altitude in Nigeria. Source: Marin, (2007).
Source: Marin, (2007).

Windows on the south/north facing facade can be more easily shaded using overhangs to block
the high angle sun vilke the east and west facing facades, however are subjected to direct solar

radiation in the morning and eveni(eCubed, 2008)

Marin, (2007), suggest that buildings should be oriented to maximize benefits from cooling
breezes in hot weather and shelter from undesirable winds in cold weagmerally, building
should be oriented so that its shorter axis aligns with prevailingsatim provide most of the air
ventilation requireddn the other handgrienting it perpendicular to prevailing winds will
provide least passive ventilatigMarin, 2008). Figure 20 illustrates building orientation for

maximum and minimum passive ventidat.
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Figure 2.10 Orientation for maximum and minimum passive ventilation.
Source: Marin, (2007).

2.4.2 Thermal mass/insulation

Thermal masss the ability of a material to absorb astdre heat when thereas excess of solar

energy and/or internal gain in buildings and releases the stored heat when the building starts to

cool down Thermal mass also reduces the extreme swings in peak tempé¢baare Grant,

2010)Chris R,(2008%tates thathe rate of heatransfer through building materials and the

effectiveness of thermal mass is determined by a number of parameters and coriditses

are:

Vi.

Vii.

Properties of the building materials
Building orientation

Thermal insulation

Ventilation

Climatic conditions

Use d auxiliary cooling systems

Occupancy patterns
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The distribution of thermal mass is based on the orientation of the given surface and the desirable
time lag. During the night when outdoor temperatures are lower than indoor temperatures, it is
possible to col the structural mass of the building by natural ventilation. Such a technique is
known as Onight ventilationdé and may helop
buildings by up to 60%, or decreasing the overheating hours of naturally \eshblaitdings to

up to 75% (Chris, 2008).

Buildings with heavymass releases haanight, makingit ready to absorlmheat again the next
day.Materials with high thermal mass which have the ability to absorb, store and reradiate heat
work well for passive cooling. During the day, thick walls of concrete, adobe, érdwricas a

heat sink which absorligat from the solar radiation andslowly releases the heaglatwhen

temperatures drofChrisR, 2008) This is illustrated in Plate VIII

Heavy mass building
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Plate VIII Heavy mass building absorbing heat in the day time and releasing it at night.
Source: Chris R, (2008).
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Similarly, buildings with light thermal mass allows heat from the sun to be reflected into
the interior spacemaking it uncomfortablyhotluring the day time whilat night, the
spacsbecomeuncomfortably coldas aresult of cold night air breezes which find their
way into the building and cool up the spag¢€ris, 2008) Plate IXillustrates light

thermal mass buildings during the day time and at night.

Light mass building
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During the dav time At night

Plate IX: Light mass building uncomfortably hot and cold during the day nightrespectively.
Source:Chris R, (2008).

On the other hand, thermal mass can have a negative impacteogy performance in cases
where there is no opportunity to release the stored heat into ambient air (in climates with no
diurnal swing) or there is no opportunity for solar gains to be absorbed and stored (in climates
with cold temperatures and low solacidence (Vladimir, 2008J.hermal insulation is a measure
taken to prevent heat transfer through the walls, floors and ceilings frontdibettions, inside

to outside or outside to inside. This leads to a drastic reduction of energy costs. On the other
hand, thermal insulation retains heat in the building during wemer keepshe buildingcool

during summer thereby enhancing thermal comfort for occupants in the building (Donn, Grant,

2010.Insulation minimized unwanted heat or heat gain through coemoof the building
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envelope such as roof, floor, wall, doors, windamsl other opening8uilding envelope should

be designed with an effective insulation that would considerably shrink the need for heating or
cooling. Example of insulation materials awees fallows cotton wool, fiberglass insulation,
polyurethane insuteon, mineral wool insulation, grlite insulation, rock wool insulation and so
on.PlateX illustrate different types of insulation materials in a building at different places that is

required so as to prevent heat from gaining access into the interior spaces of a buildings

Plate X: Different types of Insulation materials used in different location in buildings.
Source: Shanghai ABM rock wool company Itd, (2014).

2.4.3 Ventilation/Air movement

Willmert, (2001)stated that Ventilation/Air movement is a process of removal of moisture from

buildings to alleviate dampness by the circulation of air around the building.

Openings are important design elementsventilation and air movement. Openings help in
admitting daylight, air flow, providing cross ventilation and vie@sit (1993)ecommend that
windows should be large and fully operable, with inlets of a similar size on opposite walls for

proper crossentilation in acomposite of hehumid and hetdry climates Lipping et al. (2007)
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claim that ventilation and indoor air quality can be improved by increasing the window to wall
ratios (WWR), but it would also increase solar heat gain. There has always been a cohflict wit

daylight provision and exclusion of solar penetration in designing windows.

Glazing play a vital role in allowing heat gain into the indoor spaces and can have a significant
effect on energy consumption. Thereforeoper glazingof windows and other opening with
glass of low thermal conductivity (double glazing witlert gas) and coated with reflective film
keep out more heat while remaining transparent (Donn, Grant, 2B XI| and PlateXIl is

an illustration ofproper glazing with insulation frame to prevent heat transmission through

window openings and theiirame.

Plate XII Double glazing.

Source: Passive design tool kit, 2004. Plate XII Triple glazing.

Source: Passive design toddit, 2004.

2.4.4 Overhangs/Shading devices

Overhangs and shading devices prevent solar aecesgxclude rainfalinto the building and
thereby helps to keep the building cool. Providing shades over building openings and outdoor
spaces can reduce temperatures ane gnergy. It is more difficult to shade east and west faces

34



as they receive low morning and afternoon sun. Where low sun is a problem, keep east and west
facing glazing to a minimu(®assive design tool kit, 2004yable 23 recommends shading

options for different situations.

Table 2.3 Shading options for different situations

Orientation Sun direction  Time of day Type of shading

North High angle Middle of day Fixed oradjustable above window
Eastwest Low angle Morning/evening Adjustable screens/shutters
NE/NW Low angle Morning/evening (winter) Adjustable shading

Source: Passive design tool kit, 2004.

At high angles of incidence, where the sun's rays are alpaosliel to the window surface (at
glazing angles), glass becomes more reflectife.incidence angles of 80 both single and
double paneglazing (clear plate glass) become about 50% reflectiVlis geometry occurs
when profile angles are very highjndow azimuth angles are high, or bothhis will reduce
solar radiation transmitted through thndow openingsy an equal percentag&ome other

problems like interior glare or reflected glare from the facade to the exterior may occur

Overhangs andiading devices are classified based on their position in buil(@agsive design

tool kit, 2004)and these include:

i.  External shading devices

ii.  Internal shading device
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2.4.4.1 External shading devices

Theseare horizontal, vertical or inclined overhangs or projections placed outside the building to
minimise solar heat gain into the interior spaces. This type of shading devidadenaver
hangs, vertical or inclined fins and eggates. The external shadirtgvice elements have
efficiency in controlling solar energy penetration to the interior sjRessive design tool Kit,
2004) Figure2.11 gives manifold forms of External shading devices used in buildings to cut off

excessive solar radiation into thednbr spaces.

L # L

Horizontal shading devices

—

W~ g

Vertical and slanted fins Egg-crates

Figure 2.11 Manifold forms of External shading devices.
Source: Carbon neutral design, (2011).

Vegetation and other buildings in the immediate environment can also sestiading to the

building against solar radiatiorfhading needs to be provided iorrh of landscaping and

foliage. Deciduous trees are effective as they block timeisuhe summer when it is not desired

and allow sun pegtration during the wintefences work to block the sun and view at all times

of the year and so isot so climatically responsiv&/i nes on more transpar

elements are effective asethtoo bear leaves to shade in the summer, and keep their leaves until
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later in thefall when sun is again desiredines are often used as well on south facing elevations
on trellises to achieve seasonal variation in the opaqueness of the ov@thasige design tool

kit, 2004)Plate Al illustrateshading with deciduous trees in summer and winter.

SOLAR TRANSMISSION CAN BE AS LOW AS
20% FOR A MATURE TREE IN THE SUMMER

SOLAR TRANSMISSION CAN BE AS HIGH AS
70% FOR A MATURE TREE IN THE WINTER

Plate Xlll Solar shading with Vegetation in summer and winter
Source: Passive cooling design tool kit (2003).

The naturaknvironment can be used to shade low rise buildings. Deciduous trees can effectively
shade the facade when heat avoidance is desired, and permit solar penetration where passive
solar gain is sought. Vines can be used on trellises or trellis like shadimggiéo the same

effect. Vegetative shading also works well with the shoulder heating and cooling seasons. In the
spring when heating is still often desirable, leaves are not yet present, allowing continued passive
heating. In the fall, when continued wardays might suggest cooling, the leaves have not yet
been shed. If natural ventilation is also desired, it is important to allow adequate wind
penetration around exterior plantings or potential natural cooling will be bl@&ssive design

tool kit, 2009.
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2.4.4.2 Internal shading devices

Theseare shading devices placed in the interior of the building to minimise the intensity of solar
radiation from heating up the interior spaces. Internal shading devices are usually adjustable and
allow occupants to regulate the amoohtdirect solar radiation entering the building. In most
cases they take the form of horizontal or vertical blinds attached above window openings. These
types of shading devices include; curtains, venetian blinds, vertical louver blinds, roller blinds,
pleated blinds and blackout ibts (Carbon neutral design, 2011plate XIVgives various
configurations of internal shading devidbat can be used internally to limit the amount of solar

heat gain that penetrates into the building

Venetian

Roller blinds Pleated blinds

Plate XIV Different types of Internal shading devices
Source: Carbon neutraldesign, (2011).
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2.4.5 Materials/Construction Technique

International Federation of Consulting EnginedFCE, 2015 state that the choice of materials

and construction techniques for a project requires considerations of aesthetic appeal and initial
and ongoing costs, life cycle assessment congidesa (such as material performance,
availability and impact on the environment) and the ability to reuse, recycle or dispose of the
material at the end of its lifdBuilding design and material selection must contribute to good
thermal performance and memkd energy demand by including insulation and thermal mass in
the building. In addition, Building design and material selection provide Protection from fire
including fire compartment separations, allowing the occupants safe escape from the building
and dlowing fire service personnel safe access to the building. Materials must be selected for

ignitability, surface spread of flame, fire loading, and fire resistance and stability.

Reinforced concrete framed construction system is one which is made firrekisjetal system
capable of standing alone by itself as a rigid structure. Reinforced concrete frame structure is
made up of Reinforced concrete, which is strong in both tension and compression and it is the
best construction technique for achievingrthad mass in a compositef hothumid and hotry

climatgIFCE, 2015.

Proper material selection and construction technique is considered for flooring, walling, ceiling

and roofingn buildings for passive cooling and energy conservation pufip6sg, 2015.

2.4.5.1 Flooring Material

Concrete floors are increasingly popular and it can be an excellent environmentally friendly

flooring material, particularly when manufactured out of recycled mat@r@alg, 2015.
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Polished concrete has long life cycles and is eneffygient. It improves indoor environmental
quality and there are endless design options. Concrete floors can be hmgtishal bu also

aesthetically beautiful arare excellentdr trapping and releasing h@&CE, 2015.

2.4.5.2 Walling Material

Wall is a structural element which demarcates spaces and makes it serve the function of
sheltering the inhabitants. It is also the building component which serves as a barrier to the
natural environment; however, the walls have the highest percentage of contimdlouy
climate of buildingéGreenbuildingtalk, 2010)It is however; very important to select external
walling materials that have good thermal mass by preventing much heat from penetrating to the
interior spaces during hot days and dissipate the absbdsdnto the external environment at

night(IFCE, 2015..

InnoVida FiberComposite panels are made of a polyurethane insulation foam core that is
sandwiched between two composite structural skins bonded together with InnoVida Resin.
Once the panels are bonded together, with InnoVida Bond, they are seamless. The closed foam
core becomes a monolithic structure that reduces air leakage and thermal bridging through the
panels by providing a continuous span of structural and insulatingriedafhe structure also

becomes 100 percewtterproofs much like the hull of a bo@reenbuildingtalk, 2010)

InnoVida Panels make stronger, more energy efficient, cost effective homes and buildings. The
superior insulation significantly reduces thmaunt of energy needed to heat and/or cool the

structure and provides excellent noise redu¢@Goaenbuildingtalk, 2010)
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The panels provide a lifetime of comfort through their high perémce structural and

insulatior{Greenbuildingtalk, 2010)

They arestronger, more flexible than cement, steel or bricks and alsflamomable, waterprdo

and hurricane resistant. Innwh panel can be employed to respond to construction result which
can be used to build homes, commercial buildings, warehouses and anyoatt of structure

that are normally built using conventional construction approaches and materials

(Greenbuildingtalk,2010).

Published Rvalues for the panels are roughly 5.88 per inch meanitg.® for a 2" panel and
R-23.7 for 4" panels. This is significantly more efficient than a typical 2x4 wood stud exterior
wall with R-13 batt insulation. As far as size, the panels cambed e u p6 "t 0b3ya9866
for structures up to eight stories (@reenbuildingtalk, 2010Plate X/ is a profile of Inn¥/ida

fiber composite panels with different colours.

Insulating Core Composite
Core thickness top layer

Composite

Distance between bottom layer

two stiffeners Internal Stiffener

FIBERGLASS
INNOVIDARESIN

POLYURETHANE(PU) —
\\/ 4
r 4

11 VI

Plate XV: InnoVida fiber Composite panels
Source: Kleiven (2003).
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2.4.5.3 Ceiling Material

Ceiling is the upper interior surface of a habitable sp@edings and roof spaces account for

251 35% of winter heat gain in buildings and must be well insulated. To prevent heat gain, place
most of the insulation next to the ceiling as this is where the greatest temperature control is
required.Properly insulahg the ceilings of a building will allow ceiling temperatures to remain
closer to room temperatures, providing an even temperature distribution throughout the building.
Plenum space provided between the raofl theceiling in suspended or dropped ceiling
accumulate a lot of heat that penetrates through the roof and needs to be vdugiar

2012).

Suspended or dropped ceilings are very efficient in minimising solar heat gain from reaching the
habitable space3hey are also used to house or condealmechanical, electrical and fire safety

appliances such as sprinkler systems while still providing full fire suppression functionality.

Plaster of Paris (POP) is commonly used for constructing suspended ceilings. The extensive use
of POP ceilings can battributed to the versatility of Plaster of Paris. The first unmatched
advantage is that POP can be easibtdedinto any shape. This allows the creation of beautiful
designs and patterns on the ceil{i@pconinteriors 2011) Plate X/1 is a sample of Bster of

Paris (POP) suspended ceiling.
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Plate XVI : Plaster of Paris (POP) suspended ceiling. Source: Bolee.com
Source: Topcon Interiors (2011).

2.4.5.4 Roofing Material

The selection of the appropriate material for the roofing of a building also plays a very important

role in achieving thermal comfort within the building.

Gut and Ackerknecht (1993) recommetihe use of green roofss means of passive cooling in

buildingsGreen Roofs can be classified into two main categories namely:

i Extensive Green Roofs

ii. Intensive Green Roofs.

2.4.5.4.1 Extensive Green Roofs

Theseare the more common of the two categories. It employs a shallow growing medium of five
inches or less. The usuglants chosen for extensive roofs include succulents and moss. The
design of extensive Green Roofs aims at reducing the cost of maintenance and frequency of

irrigation.
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2.4.5.4.2 Intensive Green Roofs

The intensive green roofsse heavier plants that require a growing medium of at leagt 6

inches. This type of roofs can serve many purposes such as providing an outdoor garden space

for food production. Intensive Green Roof often requires more active maintenance with regular

watering, fertilization, and pruning. Furthermore, intensive Green Roofs require more structural

support than extensive roofs due to heavier weight loads. If the intent of an intensive Green Roof

is to provide public access, then additional design feataresafety must be consideréthmie,

2006) Plate XMl is the configuration of Extensive and Intensive green roofs.

G rean roofs:
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Plate XVII : Extensive and Intensive Geen roofs
Source: Jamie C. (2011).

2.5 Passive cooling strategiea a Composite of HotHumid/Hot -Dry Climate

The passive cooling strategies for anpmsite of hohumid/hotdry climatewhich focuses on

reducing solar radiation and promoting ventilatitave been summerised MallabhaneniA,

(2014ps follows:
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Vi.

Vil.

viii.

Courtyardsor atriashould be provided fagffectivenatural ventilatiorby stack effect.
Orientation of building to take advantage of prevailing condition into the indoor spaces.
Materials selectedshould have lighter or brighter colour for good reflective of heat
capacity as darker colour or materials absorbed heat and solar radiations.

Building materials should be poor conductors of heat having high time lag effect to
minimise heat transfer into the building interior.

Good landscaping is necessary to reduce radiation of sun at the outdoor environment
Good orientation of the building on siéad spaces in the building is important to take
advantages of the sun radiation.

The use of sun shades and sun breakers is necessary in the building design.

Shading of fenestration, provision of canopies, covered walkways and wider verandas
should be cosider in order to avoid direct solar radiation also to boost better natural

ventilation.

2.6 Passive cooling foEnergy Conservation

Energy conservation is defined as a process of reducing energy consumption to aciexaiable

of comfort, air quality and other occupancy requiremefwsorld Business Council for

Sustainable Developmen, 200R)is estimated that buildings contribute as much as one third of

total global greenhouse gas emissions antswmes up to 40% of all energfdeleke et al,

2010) United Nations World Tourism Organisati@dnited Nation World Tourism Organisation

(UNWTO), 2010)reported thagiven the massive growth in new construction in developing

couwntries such as Nigeria and the inefficiencies of existing building stock worldwide, if nothing

is done, greenhouse gas emissions from buildings will be more than doubleysath2050
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Similarly, World Watch Institute (200 *eportsthat buildings uses approximately 40% of energy
consumed globally and produces 33% of all annual carbon dioxide emission that causes acid
rains and contributes to smog formation. Studieshe United States Department of Energy
(USDOE, 2007)have also sbwn that 60% out of the 40% of energy consumed by buildings
globally is used up in heating, cooling and ventilation in hotel buildimgsg their operational

phase This indicatesthat hotel buildings could make a far greater contribution to sustainable
development if their energy consumption patterns are understood to ensure continuous

improvement in their energy conservaiiOie et al., 2008)

2.6.1 Energy Consumptionin Hotel buildings

According toOkeet al (2008) energy consumpmn in hotel buildingscanbe grouped under the

following enduses:

i.  Space Cooling This includes all the energy used for ventilation and air
conditioning.
ii.  Lighting: This comprises energy used by all forms of lighting appliances ranging

from incandescent maps to fluorescent lamps$ialogen lamps, street lights and large
stage light.

iii. Refrigeration: This is the energy used by food and drink cooling (water
dispensers, fridges and freezers)

iv.  Water Heating: This is the energy used by water heafersheating water in the

kitchens and toilets.
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Vi.

Vil.

viii.

Cooking: This is the energy utilized by cooking equipment (Electric cookers, Gas
cookers, electric toasters, microwaves, o\en$

Office Machines:  This includes the energy usddr office equipment such as
computers, fax machines, photocopiers, scanners etc.

Electronics: This considers energy used by electronic appliances such as television
sets, vide@wompact disc (CD) players, decoders and projectors.

Ordinary machines: This is the energy used by machiisesh as water pumps, grinding
machines, sewing machines and washing machines.

Others: This includes energy used by pressing irons, hair dryers, blenders etc.

Similarly, United NationsWorld Tourism OrganisatioUnited Nation World ®urism

Organisation (UNWTO), 2010¥tates that the main energy consuming activities in hotel

buildings are classified as:

Heating and cooling rooms
Lighting
Preparing meals

Swimming pool and hot water use

2.7 Climate

Climate is defined as a pattern ofatieer conditions prevailing in a particular area over a long

period of time usually measured by assessing the variation in Temperature, Humidity,

atmospheric pressure, Wind and Precipitat®mallscale patterns of climate, resulting from the

influence oftopography, soil structure, ground and urban forms, are known as microclimates
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(Geetha and Velraj, 2012)he climate of a location is affected by thatitude terrain altitude
vegetation pattermas well as nearby water bodies and their curréftte. dimates prevailing
around the globe vary greatly, ranging from the petgreme to tropical climateJhese are

primarily infl uenced phtegland &ind wateunmagses. ener gy

According to, the world tropical and subtropicalegions havebeendivided into three main

climate zones:

i.  The hotarid zone, including the desert or seteisert climate and the halry maritime
climate.
ii.  The hothumid zone, including the equatorial climate and the wiawmid climate

iii.  The temperate zone, including tim®nsoon climate and the tropical upland zone

Figure 212is the different climatic zones in the woikliclassifiedoy Olgyay, (1963

[ ] I ] [ I [ Hot-arid zone % Temperate, monsoon and upland zone

m Warm-humid zone - ==— Annual mean temperature 200C

Figure 2.12 World climatic zones, Source: Design with Climate,
Source: Olgyay, (1963).
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271 Cl assi fication of Nigeriab6s Climate

Nigeria experiences a variation of climate as mwefrom the coast to the northern parts of the
country. The climate of a particular location also varies with the time of the year, latitude of the
location and landscape (Ajibola, 2001). Nigeria is classified based on indices such-as geo

political zones, vgetative belts and design climates.

Batagarawaet al (2013)in (Ajibola, 2001), (Ogunsote, 1991) and UNEP/GRID, (2002) have

classified Nigeian climates as shown in Talf2el.

Table 2.4 Climatic Classification of Nigeria by different Authors

S/N Batagarawa Design Komolafe in Design Vegetative Climate
Climate, (2003) Ajibola, Climatesin Climate in  Classification in
2001 Ogunsote. Ogunsote, Africa
(2001) (1991) (1991) (UNEP/GRID, 2002)
1 Hot and Dry Hot-dry Hot andDry Coastal Humid
2 Hot and Humid Temperate Warm and Forest Moist-Humid
Dry Humid

3 Composite of 1 and z Temperate = Composite of 1 Transitional Dry subhumid

Humid and 2

Source: Batagarawa, 2013

The National University CommissiofNUC), 1997¢lassified Nigeria into two climatic zones
which are; the Northern climatic zone and the Southern climatic zone. The Northern zone

corresponds to HeDry climate and a composite of HBry and HotHumid climate while the
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Southern zone corresponds to Watdumid climate. Table 3.shows the Climatic variations

between the two climatic zones by the National University Commission.

Table 2.5 Climatic Variation between the two climatic zones in Nigeria

Air Temperatures

Zones Seasons Day Night  Humidity Rainfall Wind
) o @ (mm) (km)
Hot-Dry
(Nov/Dec to 32-43 15-27 20-55 1-10
April/May)
Northern Hot-Humid

(May/Juner Sept) ., 4, 24-27 55-95  500-1300 1-10

CoolDry
(Sept/Octi Nov) 18- 27 4-15 20-55 1-10
Southern Warm Humid

(Allyearround)  27-32  21-27 55-95  2000-5000 Calm to
10

Source: NUC, (1997)
2.8 Thermal comfort
Thermal comfort is defined as that condition of the mind wiexpresses satisfaction with the
thermal environmentt is said to be a condition in which someone is not feeling too hot or too

cold. (HSE, 201}.
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Health and safety executive (HSE, 2011) suggest that an environment can be said to achieve

ifireasonadl e otmfeorrm o when at | east 80% of i ts

2.8.1 Factors affecting thermal comfort

According to Health and Safetyx&cutive (2011), there are two classes of factors that affects

thermal comfort; these are:

i Environmental factors

ii. Pesonal factors

2.8.1.1 Environmental factors

This is the condition of the environment around an individualthisdncludes

i.  Air temperature
ii. Radiant temperature
iii.  Air velocity

iv.  Air humidity

2.8.1.1.1 Air temperature

This is the temperature of the air surrounding the bod ltsually given in degredSelsius

(°C) or degrees Fahrenheit (°F).

Radiant temperature: This is the heat radiating from warm objects or heat source within the
environment. This could be from the sun, fire, furnace, and any other electronic that generate
heat during its operation. Radiant temperature can be minimized by using reflective dorfaces

reflect back the heat from the environm@n8E, 201).
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2.8.1.1.2 Air velocity

This describes the speed of the air moving across a space which may help to cool tifié space
cooler than the temperature of the space. Air velocity is important factor in thermal comfort
because people are sensitive to air movement around them. Still or stagnanaraiindoor

space that is artificially heated may cause people to fefly and may lead to a builip in

odour. Moving air in warm or humid conditions can increases heat loss through convection
without any change in aiemperature®mall air movement in cool or cold environment may be
perceived as draught. If the air temperature is less than the skin temperature it will significantly
increase convective heat loss. Physical activity also increase air movement, so air velocity may

becorrected t o devatal physical dctovifHSEE2013.0 n 6 s

2.8.1.1.3 Air Humidity

Relative humidity is the ratio between the actual amount of water vapour in the air and the

maximum amount of water vapour that the air can hold at a given tempékH8ke201].

Health and SafetyXecutive (2011) stated that relative humidity between 40% and 70% does not
have a major impact on thermal comfort. This led to maintaining a relative humidity of 40% to
70% because of electronic equipment. Howespaces wiuh are not air conditioned or where

the outdoor climatic conditions influences the indoor thermal conditions, relative humidity ids

kept higher than 70% in warm or Hoamid days.

High humid environments havets of vapour in the air which prevents theaporation of sweat

from the skin. In hot environments, humidity is important because less sweat evaporates when
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humidity is high (above 80%). The evaporation of sweat is the main method of heat loss in

human bodyfHSE, 201}.

2.8.2 Personal factors

These are fdors that are dependent on individual state as at a particular period of timesand thi

include:

I.  Clothing

ii. Work rate/metabolic heat

2.8.2.1 Clothing

This is the insulating covering on the body which by its nature interferes with the ability to lose
heat to the envimment. Thermal comfor$ very much dependent on the insulating effect of the

clothing on the bodyHSE, 201}

Wearing too much clothing or personal protective equipment (PPE) may be the primary cause of
heat stress even if the environment is not comsdlerarm or hot. If clothing does not provide
enough insulation, the body may be at risk from cold injuries such as frost bites or hyperthermia
in cold conditionsClothing is both a potential cause of thermal discomfort as well as a control

for it as thebody adapt to the climatic condition of the environnm(&t8E, 201).

2.8.2.2 Work rate/Metabolic heat

This describes the heat the body produces inside as it carry out physical activity. The more the
body is subjected to physical work, the more heat it producethandore heait produces, the

more heat needs to be lost to be thermally comfor{atsé&, 201).
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2.9 Hotels
According tdHotels and Catering Economic Development Committee, South Af2€92), a
hotel is an establishment of a permanent nature, which consists of four or more bedrooms, and
offers bed and breakfast on a shortrtecontract and provides certaminimum standards.
Similarly, LawsonF. (200 ) defined hot el a s ichfiolersfravéldr and e st a
visitors two basic services of accommodation and meals against payment of money for the
servicesA 'hotel' or 'inn' is defined by the British law as 'the place where a bonafide traveller can
receivefood and shelter, provided heiis a position to pay for it and is i fit condition to be

received

2.9.1 Types of Hotels

Since hotel guest are transient, special consideration must be given to the potential threat to their
life safety and comfort while they stay in the hotel. This led deetbpment of diverse hotel

types. Depending upon the guest typetels are generally classified based on their location,
expected market and other special characteristics which include; size and class. Although, a
given hotel may fall into more than onategory since each hotel has different goal as to the kind

of guest it seek@_awson F. 2007)
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2.9.1.1 Resort Hotels

A resort is a fullservice lodging facility that provides access to or offers a rahgenenities

and recreation facilities temphasize a leisure experienBesortsserve as therimary provider

of t he guestso experience, of t en provi des
characeristically located in vacationrientedsettingslike beaches and Tourist attractions area
like games reserveBxample of a resort hotel is Sheraton Damesha resort located in Damesha
district in China(World Class Hotels, 200Blate XVIII show an aerial view of Sherato

Damesha resort hotel.

W Wy

Plate XVIII : Aerial view of Sheraton Damesha resort hotel.
Source: World Class Hotels, (2007).
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2.9.1.2 Airport Hotels

This type of hotel is located near airpoatsd target business clieele, airline passengevdth
overnight travel layovers or cancelled flights and airline persorihellso povide meeting
facilities for guests who travel to a meeting by air and wish to minimize ground imnatehd of
charging guests by day basis, the guests can also pay for their room by hourlitzsisle of
airport is the Grand Hyatt hotdbubaiWworld Class Hotels, 2007Plate XIX how three dimensional

view of Grand Hyatt hoteDubai

Plate XIX : Grand Hyatt Hotel, Dubai.
Source: World Class Hotels, (2007).

2.9.1.3 Garden Hotels

These are hotels that have made important environmental improvements to its structure in order
to minimize its impact on the environment. The badefinition of a gardenhotel is an
environmentally responsible lodging that ensures that their guests ang stag safe, notoxic

and energefficient accommodationThese types of hotels are particularly notable for their

garden@world Class Hotels, 2007Example iHilton Garden hotel in Plate XX
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Plate XX: Hilton Garden inn hotel,
Source:World Class Hotels, (2007).

2.9.1.4 City centre hotels

These types of hotels al@cated in urban areas, usually reserved for people who intend to stay a
while (in the short term). City Hotebre dso known as a transit hosdbecauseheyareusually
occupied by business people who use the facilities and business services provivethdigs

(World Class Hotels, 200 Bxample is the Cardiff city centre hotel in PIXt¥]I.

Plate XXI : Cardiff City Centre Hotel.
Source:World Class Hotels, (2007).
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2.9.1.5 Conference hotels

This hotels focus on meeting and conferences awetnight accommodation for meeting
attendeesProvide high quality audiwisual equipmentbusinessservices, and flexible seating
arrangementsHotels mostly located outside the metropolitan arétsve facilities like golf,
swimming pools,tennis courts fithess centres anspas(World Class Hotels, 2007)Plate XX
shows a picture ofalble three hotel & Conference Centre, Warsaw as an example of this type

of hotels.

Plate XXII : Double three hotel & Conference Centre, Warsaw.
Source:World Class Hotels, (2007).

2.9.1.6 Motels

Motels area contractio of motor hotelt a lodging that caters primarily to guests arriving
automobilesMotels are located in any setting, but amaually found in suburban or roadside
areas Motels can be twatorys or low rise building located near major highwalotels may
contain pool areas with shrubbery tree and children play griwadh Class Hotels, 2007Platte

XX11l is Avalon Motor Hotel, Vancouver.
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Plate XXIII : Avalon Motor Hotel Vancouver.
Source:World Class Hotels, (2007).

2.9.2 Hotel Star Rating

The quality of the hotel andits services is usually marked by sstirey There have been
attempts at unifyinghe classificationsystem to become a reliable standard, but still large
differencesexist in the quality of accommodatioripod and service. Most countries haze
official body to set criteria forclassifying hotels; unfortunately, to some detieseriteria differ
from one country to anoth@he generatlassification widely accepted in most countries is the

fistarr a t clasgification system. The star ratingssification b CG-Net, (2008]s:

i.  One star hotel

ii.  Two star hotels
iii.  Three star hotels
iv.  Four star hotels

v. Five star hotels
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2.9.2.1 One star hotel

Hotels are mostly small and privately owned, services may be provided by the awitre

family. Meals may be fairly simple. Rooms are small (singl@ 8ouble 12r2). All rooms have

a shower and a toilet in the room. Some rooms may not have en suite bathrooms. All rooms have
a handbasin with hot and cold running water and heatingpfehe is available. Breakfaatd

drinks areavailable. Guests can enter or leave any time of the day or(Wgr®d, 2012).

2.9.2.2 Two star hotels

These classes of hotels amgall to medium size (single roomsrh2, double 16n2). They are
well equipped, offeringomfortable accommodation with-snite bath/shower rooms. Reception
staff is professional, food and drinks are off€Wd@O, 2012).

2.9.2.3 Three star hotels

These classes of hotels aually hotels omediumsize to support highetadfing levels (single
roomsl4dm2anddouble 18n2). They have spacious reception with seats and other public rooms.
Their employees speak at least one foreign language. Their restaurants normally also cater for
nonresidents. All rooms have euite bath and shower rooms with toiletriand good
equipment, such as a TV sethair dryeand directdial telephone. They usually offer room
service and some business serviddgese types of hotels also have more than two floors with
lifts. Access to the internet &vailabldWTO, 2012).

2.9.2.4 Four star hotels

They maintain a high quality of furnishings, decorations and equipfedtooms are spacious
(single 16n2, double 2n2) and well designed, with esuite béhrooms with a bath and shower.
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There is enough staff to provide all necessary sertimge is a24hour room sernee, laundry
and drycleaning; a lobby, an a la carte restaurant and a bar. All rooms are equipped with mini
bars and access to interf@&TO, 2012).

2.9.2.5 Five star hotels

Accommodation is spacious (single 18m2, double 26m2) andribus, matching the best
international standards. There are dad&es, access to internet and air conditioning in every

room. Personalized guest welcomewith flowers/sweets can be expectedafudesilableThe

hotels have special interior design and elegant furnish8egsice is formal and flawlessyund

thecl ock roombés service is availabl e. These ho
Their restaurants offer high quality cuisine. The staftsvery efficient, courteous antdelpful.

An indoor swimming pool is available, as well as porter service, laundnglelaying, ironing

and sale of gift§WTO, 2012).

2.9.2.6 Seven Star Hotels

In the recent yearshe zenith of hotel star rating has emerged whh i s t heThé&s&ev en
classes of hotels aregarded as the masixurioushotels in the world. The first of this class is
the Burj AFArab while the second is the Laucala Island in Fiji, Morgan PlaBeijng, China.

Sever al A S e vaee nnded toastructiornvwotdei@®&d O, 2012).

2.9.3 Hotels standard requirement

Hotel standard requiremeista ‘model to refer tgioro a procedure whiclks usedor a successful
delivery of a hotel designHowever, what are at stake here are formal standansoped

within the context of official standardisation bod®sch as the World Tourism Organisation
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(WTO). Such bodies exist at several levd@lse hotel standard as outlined by the World Tourism

Organization is show in Appendix II.

2.10 Conclusion
The need fopassive coolin@s means of energyiservation in hotel buildings discussed in
this chapteffwo basic classes of passive cooling functional in a composite -bfunaid/hotdry
climate were identified as heat prevention and heat dissip&rarciples of passive cooling for
achieving energy conservation were also covered. Thermal comfort and factors affecting thermal
comfort were discussed. The Nigerian climate and classification was also covered. Hotel types

and rating and hotel standamhuirement were also
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3 RESEARCH METHODOLOGY
3.1 Preamble
This chapter describes the methodology adopted during the process of this research. It also
describes the methods adopted in data collection and how the data collected is analyzed to

achievesome of the set objectives in Chapter One

3.2 Research StrategiMethodological approach
The esearclstrategyis quantitative in naturé his studyaimed at minimizing energy use by the
climate control system while providing acceptatilermal comfort in a ¢tel building. The case

study outlined in this study descriihe following process

i.  Define thermal comfortevel(s)for the building indoor spaces considering their function
and pattern of use.
ii. Select climate control systemgensumingleast energy in raer to maintainindoor
thermal comfortevel(s).
iii. Use energy simulation softwar&dqotecy and computational fluid dynamic technique
(CFD) to gain insight into the predictemperation of the climate control system thus

allowing for the optimization gbassive cooling

3.3 ResearchDesign
This research adopts a descriptive and a egygserimental approach to achieve the answers to
the research questions paving way to realizing the research aim and objéctihesprocess,
Descriptive andQuastExperimenal approaches aremployedfor achieving the different set

objectives.
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3.3.1 Descriptive Approach

The descriptive approaatasused for exploratory studies with little or no interest in finding out
the relationship between the identified variables.tRerobjetives to identify the atural means
of cooling and ventilating and to identify energy consumption patterns for cooling and

ventilation in hotel buildings, a descriptive approach is used.

3.3.2 QuastExperimental Approach

The evaluation of the potential of usimgtural ventilation to achieve energy conservation in

hotel building requires a quaskperimental approach. The hypothesise r e IS ANat t
Ventilation conserve e ner gy i n, asb such] tthé depesdint variagbleelectricity
consumption and thermabmfort while the independent variablegamined are classified into

two groups:Climatic design variables and Natural Véation design variables. Theli@atic

design variables are; temperature, relative humidity and wind velocity while the Natural
Ventilation design variables &eack Ventilation, Singksided Ventilation and Cross

Ventilation.

Electricity consumption is measured in Whatiurs while thermal comfort is measured in terms

of indoor dry bulb air temperature and operative temperature bottuneean degre€elsius

3.4 Research Method
The esearch has adopted both primary and secondary sources of data collection. The primary
source employs the use odse studiesf related buildings while the secondary source utilizes
the review of works done otne subject drawn from both published books, articles, journals,

papers and official documents of professional bod&sse study method of data collection
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withenergy auditingwas used. During the case study, a physical inventory of electrical
equipment use foventilation and coolingvere documented Selfadministered questionnaire
was also used to obtain statistical information on the buildings energy consumption for a

minimum peiod of one year.
The research instruments utilized during the course of the study include:

i.  Self administered questionnaire

ii.  Nonparticipant observation

3.4.1 Selfadministered questionnaire

The Selfadministered questionnaire comprises of structured questiamzd and issued to

sample ofrespondentsThe questions includdoth open and close ended questiofise open

ended questions has a provision of space | ef't
endedquestions comprises of list, tegory or scke/rating for the respondents to select to

facilitate analysis.Questions were askexh electricity consumption within the hotel building in

order determine the potential for energy savings within the cooling load.

3.4.2 Non-participant observation

During the pocess of the study ngparticipant observation is employed so as not to influence
the activitiesbeing observedThis will involve a visual survey of various processes and

equipment that demand the use of energy in the buildings.
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3.5 Method of Energy Audit
The energy audit of each building is conducted using a uniforncddgégtion process and tools.
It involved the use of sedidministered questionnaire, observation, taking inventory and pictures.
The objective is to investigate electricity consumption hotel buildings resulting in

disaggregation of total consumption into cooling lighting and appliances.

Electricity consumption in hotel buildings located warm climates is dominated by cooling the
interior of the building for thermal comfort of the guest occupant. Therefore, the hypothesis
ANatur al Ventil ati on conser ves latednt@ elecyicityi n bu
consumption and ambient air temperature. These savings, in particular are in cooling
consumption by modifying the building construction in an attempt to attain and maintain thermal

comfort.

3.5.1 Walk Through

The walk through exercise inveés issuing and filling of seladministered questionnaire,
physical observation, inventory and taking of pictures. This exercise is guided by a professional
in the field of energy management. The salfninistered questionnaire is used to collect
essentindata on the building characteristics and the energy consumption. It consist of and

introduction/consent form at the beginning and nine sections as follows:

I.  Building characteristics
ii.  Occupancy schedule
iii.  Site sketch

iv.  Electricity from utility use
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v. Electricity from alternative source use
vi.  Heating ventilation and air conditioning
vii.  Cooling load
viii.  Lighting load

ix.  Appliances

The building characteristics section covers the gross and conditioned floor areas and building
envelope characteristics. It also treats gahespect of architecture of the building. The
occupancy schedule section covers the number of building users and the pattern of usage. The
site sketch section was used only in buildings where the building plans were unavailable.
Electricity from utility covers quantity consumed per month as recorded from utility bills in the
electricity from utility use section. The electricity from alternative use section treats electricity

consumption from baeckp power generators used during power failure.

The last thre sections comprising of cooling, lighting and appliances load sections deal with
aggregate loading of each euse in the building. It questions the quantity, energy rating from

manufacturer and annual hours of use of each brand of product within eti@h. sec

3.5.2 End-Use Calculations (Electricity Usage)

The total electricity consumption in the buildings is disaggregated intausssl The endse
consumptions are the aggregate loads in the buildifgs. includes cooling and ventilation,
lighting, and Appliances for Refrigeration, water heating, cooking, office machines, electronics,
ordinary machines, etc. Figurel3llustrate the demand and supply load distribution for the total

electricity consumption.
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Main Back-up
Electricity Supply (Qg)
Supply (Qu
Building
Electricity
(Qi)
Demand

Cooling &  Lighting Appliances

Ventilation (Ql (Qa)
Figure 3.1 Demand and Supply load distribution for electricity consumption in a building
Source: Batagarawa (2013).

3.5.2.1 Total Electricity Supply (Qt)

Total electricity supply (Qtis the total supply for a particular period of time usually one year in
this case. It is the quantity of electricity recorded hyaximum demand (MDjneter supplied
from the utility company together with the quantity supplied by the dgckower genetar.

This is represented by a formula as:

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Qt=Qu+Qge ééeééecéecéeecéeecéeecéeeceeececéeee. . 4.7

The method adopted to determine the quantity of electricity supplied by theibagnerator is

estimated. The estimation is based on the recorded number ofdiaupply by the backp
generator per annum conducted by the buil ding
The difference in the working hours from hours of the baghpowerrecordeds the hours the

building enjoys electricity supplied by thlity company. This is represardin a formula as:

Qg=QuxG)/lUéeééecééeecéeecéeecéecéeceéeéeeecéecé. 4.8

Where U and G are the percentages of the time utility and theupaglower are in use

respectively.
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3.5.2.2 Total Electricity Demand

The total electricitydemand (Qt) is the total electricity that is consumed in the building in kWh.
It is the sum of electricity used for cooling & ventilation (Qc), Lighting (Ql) and Appliances

(Qa). The total electricity demand is represented by;

Qt=Qc+Ql+Quaeeéééececeééeceeceééeececeeééeeceeéee. .1 3

////////////////////

Qc=Qcl1+Qc2+Qc3+-Qcné e éééeéééeééeéeééeééee. eé2.3

Where Qc(c — n) represent the variation in type and specification of cooling and ventilation

equipment.

3.5.2.2.2 Lighting demand (Ql) is
Ql=QI1+QI2+QI3+--Qine ééeéeéeéecéecéeéecéeceéeeeéeé. .33
WhereQI(l — n) represent the variation in type and specification of lighting fixtures.

Appliances demand (Qa) is:

////////////////////////////

rrrrrrrrrrrrrrrrr
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The hours of use is estimated based on the answers supplied by the respondents and limited
observation. A physical count of all appliances for cooling and ventilation, lighting and other

equipment was made by the researcher.

Coolingand ventilatiodoad is the demand from the cooling systems installed estimated from an
inventory of the units inhe building and is similar to the lighting load, which is done from the

light fixtures.

Appliances loads encompass all other aggregateusesl that do not fall under cooling and
lighting. The appliance demand load is calculated by energy rating asdeuiowy the
manufacturer or recorded from the nameplate of the electric consuming appliances and the
guantity of appliances. In the case that the energy rating was not available from the appliance, a
search on the product detail on the internet was cordlulft¢hat also failed, the rating of a
similar appliance was used. The difficulty therefore in using the same method of calculation as
with cooling and lighting loads lies in accurate estimation of hours of use for the multiple types

of appliances that ostitute this end use. A better formula, shown in Equation 4.6 is:

Qa=Qt—(Qc+QhHéeéeééeeééeceéeecééeecéeecéeéeecéee. 36
3.6 Sampling

The sampling@chnique used for this research is purposive samplingee major cities were

identified within the hohumid climatic classification that composed large number of hotel

buildings. Similarly, hotels witlpeculiar features of natural ventilation element acros$tite

humid climatic zone were identifie@hose hotelsvith track records oélectricity consumptio

data for a minimum of a yeaestudiedfor it is crucial in investigating theenergy usage
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3.7 Computer Simulation
The study conducted a simulation Bs#& using Autodesk Ecotect tosimulate the effect of

passive cooling strategies on energy consumpti@engroposed hotel

3.7.1 Model Description

A complete design of dive star hotel consisting of six floors is simulated using Ecotect
software. The model is developed using Autodesk Revit Architecture, all spaces were tagged and
volumes were also checked acdogdto specified room heights. The model is then exported as

gbxml format which is a recognizable format for Ecotect software.

The 3D model loaded into Ecotect undergoes series of settings in both zone management and
material properties. In the zone managen t the rooms were selecte
material management, each zone is given a material property. Under the material property, the
thickness, Rvalue and the admittance properties of each material is imputed while the Ecotect
software autmatically calculates the solar absorption, thermal decrement, thermal lag and the

weight of the material.

Finally, the total energy consumption for the monthly cooling loads of both the conventional
materials and construction is that of the selected nadégeand construction are calculated by
running the simulation. Comparing the two results determine if there is energy savimgsrbe

the two buildings or nofThe model is then exported as gbxml format which is a recognizable

format for Ecotect softwaressshown irFigure 3.2
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~ General Details

Parameter Value

Building Type Hotel
Location Minna, Nigeria

Ground Plane NGL
Export Category Rooms
Export Complexity Simple with Shading Sur

Include Thermal Properties
Project Phase MNew Construction
Sliver Space Tolerance 3048

Building Envelope Use Function Parameter

= MNext... Save Settings Cancel

Figure 3.2Model of Six Floor building of a three star hotel

3.7.2 DataAnalysis

Statistical and parametric analysssconducted during the researdhe Computer is used for
carrying out simulations of QuaBixperiment to evaluate the potential of using Natural
Ventilation to achieve energy conservation in hotel buildi8gftware will be run in the
computer which will assist in moulding the Quapae in which the experiment will be carried
out and analyzed to validatey comparing two similar buildings with different materials and

construction.

The data collected in the field is analyzed using descrigipgroach The parametri@analysis
givesthe analysis opredictionsmade from thesimulation conducted by thmodification of

variables in the computational fluid dynamic (CFD) softwarEcotect
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3.8 Conclusion
This chapter provides information on how the studgasductedn orderto achieve he aim of
minimizing energy usage for coolinop hotel hiildings through the evaluatioprinciples of
passivecooling techniquesvithin the composite ohothumidhot-dry climatic zone of Nigeria

It also gives a holistic approach of collecting electriatiynsumption dataMethods and

Instrument of data collection, and analysis is also covered
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4 DATA PRESENTATION A ND ANALYSIS OF ENERGY AUDIT
4.1 Preamble
This chapter presesthe findings ofenergy audit exercise ohree casesocated within the

compositeof hothumid and hoedry climateof Nigeria. These are:

i.  Reverton HotelLokoja.
ii.  Shiroro Hote]Minna.

iii.  Sheraton Hotel angbwers Abuja.
This is to achieve the objectives:

I.  To identify energysepatterns in selected hotel buildings
ii.  To identify theprinciples of mssive coolingonsiderationn the selected hotel buildings.

iii.  Toidentify the architectural requirement of hotel buildings

4.2 Energy usagen selected hotel buildings

Energy usagef the selected hotel buildingspsesented undehe following headigs:

i.  Estimatecklectricity supply

ii.  Estimated electricity demand.

4.2.1 Reverton Hotel, Lokoja, Kogi State.

The estimated electricity supply for Reverton hotel is discussed under estiatattucity
supply and estimated electricity demand. This identifies the amount of energy supplied to the

hotel and at the same time determines theussdenergy usage of the supplied energy.
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4.2.1.1 Estimatedelectricity supply

Reverton hotel hasnaaveragemonthly electricity supply of1l5,50kWh from utility bills with
average supply time of nineteen (19) hours per day. Theugaskpplytime is five (5) hours per
day usually from two generators of 375kVA and 275k¥AMikano brandwith three (3) and

two (2) hours shift respectively. Plate XXig the backup generators used in Reverton hotel

Plate XXIV Generators used for Backup supply in Reverton hotel
Source: Researcherds Field work

The estimatedlectricity supply iscalculated based on the average hours of supiphineteen
(19) hours and five (5) houtsy both the utility and the baakp generatorsespectively Table

4.1 shows thesstimateckelectricity supplyfrom both the utility and backp.
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Table 4.1 Estimated electricity supply for Reverton hotel..

Electricity Average Average Average Average Average
supply hours of supply/hour electricity monthly annual
supply/day supply/day  electricity electricity
(kWh) | |
h KWh) supply supply
(hrs) ( (KWh)
(kWh)
Utility 19 27.19 517 15,500 186,000
Supply
Back-up 5 520 2600 78,000 936,000
Supply
Total 24 547.19 3117 93,500 1,122,000
Sour ce: Rerldwoke

The combinedestimatedutility supply andback-up supplyshows that tlity supply has the
highest number of hours per day compatedhe lackup supply butthe averge electricity
supplied by the &ck-up supply pedayis greater thamhe quantity supplied by utilityThis is
because the baakp supplyhas a capacity it is capable of supplying while running whilethe
utility supplyprovide only the amount required by the appliances during suppthe building
Figure 4.1shows the peentages of the two alternatives sources of power imapplReverton

hotel to be 17% for utilityand 83% for backup supply This also led to having a lower
electricity consumption of 186,000kWh per annum by the utility supply and a higher electricity
consumption of 936,000kWh per annum from the bapksupplyas alternativelectricity supply

to the building

76



B Utility Supply

B Back-up Supply

Figure 4.1 Percentages of Utility and Backup Power supply

4.2.1.2 Estimated electricity demand

This gives the total estimated demand from the threeused as categorized ke et al(2008)

for Reverton hotel.

i.  Cooling & ventilation Qc),
ii.  Lighting (Q!

iii.  Other Appliancesa).

The appliances demand covers all other appliances besitiag, ventilation and lighting. This
include; washing machines, dryers, electric cookers, ironing machines, televisions, elevators
refrigerators, photocopiers, computers, printersTatde 4.2describe the various cooling and

ventilation system togethe with their location of wusage in the building
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Table 4.2Cooling and Ventilation system

COOLING AND VENTILATION SYSTEM

Cooling and Appliances Location

Systems

Air Split Units of Air Condition Provided in each guest room, public spaces

Conditioning

System and Packaged units administrative areas.

Fans Standing fans and Wa Provided in some public spaces such
mounted fans. conference hall, bars etc.

Mechanical Extractors fans Provided at highest level in Kitchen, Launc

ventilation

(Exhaust) and storage areas to dissipate the generated

Sour ce: Researc

4.2.1.2.1 Estimateaooling andventilation demand

Cooling and ventilation demand is from the cooling systems installége building and it is
estimated from an inventory of theooling demandin the building. Table 4.3 shows the
disaggregation of theooling and ventilation demand f&everton hotel using equation 3.6 for

each of the cooling and ventilation appliances.

Five (5) ton packaged unit air conditios€AC) of Panasonic brand with capacity 6.5k\Whare
used in public spaces which accommodates large number of people at ahisnacludes

reception hallrestaurants, bars, syndicate room and conference hall.
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One and half (1.5) horse power (hp) split ACcapacity 1.1kWhvere used in bedrooms, offices

and shops which accommodate small numbeecbp | e at a par tismudingr t i m
fansof capacity 0.08kWhvere positioned ahe conference hall ands to boost air movement

in case of overcrowding while the wall fans were mounted in laundry ironing areas. The
extractor fans were located in the kitchen and ironing areas to easily dissipate heat out of the
building. Table 4.3 shows the different coolgy and ventilation appliances and their

corresponding ratings and energy demand.
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Table 4.3 Cooling and ventilation demand appliances with ratings and energy demand

S/N Appliances Quantity Energy Average Average Average Average
(Nr) Rating hours of Energy energy Energy
(kW) usage/day consumed/ consumed/ consumed/
(hrs) day month annum
(kWh) (kWh) (kWh)

5 tons
packaged

1 unit AC 12 6.5 6 468 14,040 168,480
Panasonic
brand
Haier
thermocool

2 112 1.1 6 739.2 22,176 266,112
1.5hp split
unit AC
Standing

3 Fans 12 0.08 6 5.76 172.8 2,073.6
brand

4 Wallfans o 0.08 6 2.88 86.4 1,036.8
A O Xboand

5  Extractor g 0.08 12 7.68 230.4 2,764.8
fans

Total 440,467.2

Source: Researc

4.2.1.2.2 Estimatedighting demand

This is the total energy consumed by all the individual lighéipgliancesThe lighting demand

comprise of lighting appliances ranging frawenty six (26) watt energy saving bulbs to bright

incandescent lamps of five hundré&®(Q) wattTable 4.4shows the types of lighting, their rating

and energy consumption per annum.
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Table 4.4 Estimated lighting demand

S/N Lighting Location Quantity Rating Average Energy Energy
hours of consumed/ consumed/
(No) (kwh) usage/day month annum
(hrs) (KWh) (kWh)
1 Wall bracket Corridors 106 0.04 12 1,526.4 18,316.8
luminaires  and offices
2 Bed side Bedrooms 180 0.026 0.5 70.2 842 .4
energy
saving lamp
3 Recessed Bedrooms, 226 0.06 12 4.881.6 58,579.2
ceiling light and offices
4  Dimmable Bar and 32 0.036 6 207.36 2,488.32
recessed Restaurant
light
5 Bollard Garden anc 46 0.04 12 662.4 7,948.8
Light car parks
6  security Walk ways 12 0.2 12 864 10,368
street light
7  Security Property 4 0.2 12 288 3,456
Flood light  boundary
8 Under water Swimming 8 0.5 12 1,440 17,280
light pool
Total 119,279.52
Source: Researc
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4.2.1.2.3 Estimatedippliances Demand

FromEquation 4.1,

Qt = 440,467.20 + 119,279.52 + 562,253.28

Qt =1,122,000kWh(Total estimated electricity demand)

Table 4.mnd Figure 4.2 shows that appliances has the highest quantity of electricity
consumption followed by the cooling demand. The lighting denteasdthe lowst electricity
consumption as nsb of the lighting appliances thabnsumethe highest quantity of electricity
are only on at nightThe substantial contribution by cooling is an indication that targeting this

enduse will provide significantreergysaving.

Table 4.5 Average estimated demands for the three (3) endses

End-use Electricity Demand Average total estimated
Demand (kWh)

Cooling and Ventilation Demand 440,467.20

Lighting Demand 119,279.52

Appliances Demand 562,253.28

Total 1,122,000
Sour ce: Researc
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Estimated electricity demand
disaggregated by end-use

600,000.00

400,000.00
0.00 |

Cooling and Lighting Demand Appliances
Ventilation Demand
Demand

Figure 4.2 Estimated electricity demand disaggregated by endse

4.2.2 Shiroro Hotel, Minna, Niger State.

Shiroro hotel energy use is discussed under the following headings:

i.  Estimated electricity supply
ii.  Estimated electricity demand

iii.  Estimated electricity supply

Shiroro hotel usesingle backup generator of capacity 670kVa equivalent to 536kWh of
Mikano brandas alternative to utility supply from power holding company (PHCNe hotel
has an average monthly electricity supply of 13,780kWh from utility bills as recordéueby
maximum demand meter (MDM) akipper brand (Indian made) with average supphetof
eighteen (18) hours per day. Tastimatedbackup supply time issix (6) hours per dayThe

estimated@lectricity supplyfor both the utility and backip supplyis shown inTable 4.6.
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Table 4.6 Utility and back-up supply in Reverton hotel

Electricity = Average hours Average Average Average Average
Supply of supply/day supply/hour electricity monthly Annual
Supply/da Electricit electricit
(hrs) (kwh) PRyfaay Supply y Supply y
kWh)
( (KWh)
(kWh)
Utility 18 25.52 459.33 13,780 165,360
Supply
Back-up 6 536 3216 96,480 1,157,760
Supply
Total 24 561.52 995.33 110,260 1,323,120
Source: Researc

Comparign of the utility supply and the baakp supply inFigure 4.3shows that the baekp
supply of six (6) hours per day is greater than the utility supply of e&ghte8) hours per day

with 54% and 46% per annum respectively.

Utility and Back-up supply

m Utility Supply

W Back-up Supply

Figure 4.3 Percentages of utility and backup electricity supply
4.2.2.1 Estimated electricity demand

Just like Reverton hotel, the estimated electricity demand for Shiroro hotel has been aggregated
into three (3) endises of cooling and ventilation, lightiagdother appliances demand
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4.2.2.1.1 Estimated Cooling demand

The coolingdemands distributed among air conditioning systeifirfive (5) tons packaged unit
AC, one and half (1.5) hours power (hp) split and window unit air conditienstanding and
extractor fans Table 4.7 shows the various coolingppliances with their ratings and

corresponding electricity demand per annum.

Table 4.7 Cooling and ventilation appliances with their ratings and energy demand per annum

S/N  Appliances Quantity Rating Average Average Average Energy
RN
(hrs) (kWh)
1 5 tons packagec 8 6.5 6 312 112,320
unit AC
2 1.5hp window 218 1.1 6 1438.8 517,968
unit ACLG
brand
3 1.5hpsplit unit 12 1.1 6 79.2 28,512
AC LG brand
4 Standing Fans 4 0.08 6 1.92 691.2
5 Wall fans 6 0.08 6 2.88 1,036.8
6 Extractor fans 8 0.08 8 5.12 1,843.2
Total 662,371.2
Source: Researc
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4.2.2.1.2 Estimated lighting demand

The lighting coves all lighting fittings bothinternally and externallyThe lighting demand in
Shiroro hotel is from all the lighting fittings in the various spaces in the hotel. The individual

lighting demand rating is recorded and their average daily usageas shown imable 4.8

Table 4.8 Lighting appliances with their ratings and electricity demand per annum

S/N Lighting Location Quantity Rating  Average time Energy
(No) (kWh) of use/day consumed/
(hrs) annum
(kWh)
1 Fluorescent light corridors and 274 0.04 12 47,347.2
Bedrooms offices
2 bed side lighting Bedrooms 208 0.026 0.5 973.44
fitting
3 Recessed ceilini Hall, offices & 120 0.06 12 31,104
light Public areas
4 Decorative Banquet Hall, 14 0.036 6 1,088.64
Dimmable Restaurant &

recessed light  Restaurant

5 Bollard Light Garden and car 26 0.04 12 4,492.8
parks

6 Halogen security Walk ways 38 0.2 12 32,832
street light

7 Security Flood Property 8 0.2 12 6,912
light boundary

Total 124,750.08

Source: Researc
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4.2.2.1.3 Estimated appliances demand

The appliances demand covers all other appliances other than cooling and ventilation and
lighting demand. It covers heating appliances, cooking appliaftestronics and machines.

From Equation 4.1,

Qa = 1,323,120 — (662,371.2 + 124,750.08)
Qa = 1,323,120 — 787,121.28 Qa = 535,998. 72kWh

Similarly, the total estimated electricity demdod Shiroro hotels calculated using equation 3.1

Qt = 1,323,120 + 662,371.2 + 124,750.08

Qt = 1,323,120kWh (Total estimated electricity demand)

Shiroro hotel cooling and ventilation demand is greater than other appliances ddimanid
because there are more number of rooms to be cooled compatextomber of appliances.
Lighting also happen to have the lowest demarable 4.9 showsnduse average electricity

demandor Shiroro hotel.

87



Table 4.9 End use Average electricity demand per annum

End-useElectricity Demand Average Electricity
Demand (kWh)

Cooling and Ventilation Demand 662,371.2

Lighting Demand 124,750.08

Appliances Demand 535,998.72

Total 1,323,120
Source: Researc

Comparing the three entbes, it shows that cooling load demand has the highest consumption
per annumwith cooling and ventilation covering 50% of the total dypfpllowed by other
appliances with 41% and lighting demand wd&b. This indicates that the higher the number of
rooms in a hotelthe higher the cooling demanBigure 4.4shows thepercentagesf the three

enduses for Shiroro hotel.

Shiroro Hotel

B Cooling & Ventilation
M Lighting

B Appliances

Figure 4.4 Percentages of electricity demand by erdse in Shiroro hotel
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4.2.3 Sheraton Hotel andTowers, Abuja.

Sheraton hotednd towers Abuja energy use is discussed under the following headings:

I.  Estimated electricity supply

ii.  Estimated electricity demand
4.2.3.1 Estimated electricity supply

Sheraton hotel electricity supply is recorded from utility billsxfratility company and baelp

supply from two backip generators of 1500kWh and 750kWh working on daily shift bdises.
has a minimal power outage as it receives supply from the utility company for a period of twenty
hours (20) daily with only two hours dfackup supply from generatorgience, this led to
having a higher utility supply per annum compared to hgrlsupply.Table 4.10 shows the

utility and backup supply for Sheraton hotel and towers.

Table 4.10 Utility and back-up supply for Sheraton hotel and towers, Abuja.

Electricity Average Average Average Average Average

Supply hours of supply/hour  electricity monthly Annual
supply/day (kWh) Supply/day  Electricity electricity
(hrs) (kwWh) Supply supply

(kWh) (kWh)

Utility 22 432.6 9,517.2 285516 3,346,192

Supply

Back-up 2 2250 4,500 135,000 1,620,000

Supply

Total 24 2682.6 14,017.2 420,516 4,966,192

Sour ce: Researc
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Figure 45 shows that in Sheratomotel, the utility supply covers 67% while bagg supply
covers 33% of the total supplyhiB implies that the long period of supply by the utility company
of 20 hourscompared to just two (2) hours of bagg supply contributed to the higher

percentage.

Sheraton Hotel

m Utility Supply
m Back-up Supply

Figure 4.5 Percentages of utility and backup supply in Sheraton hotel and towers

4.2.3.2 Estimated electricity demand

Just like other hotels, the estimated electricity demandl@ilated from three (3) endses of

cooling and ventilation, lighting and appliances demand.

4.2.3.2.1 Estimated Cooling and ventilation demand

The cooling and ventilation demand is estimated from the installed cooling systems in the
building and it is estimateffom an inventory of the cooling and ventilation appliances in the
building. Sheraton hotel consist of two (2) chilled water central air conditioning jdaatedin

the central air conditioning plant room at the basement of the buildingolahts altenatefor a
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period of twelve hours each. In the chiller plants, a solution of brine is chilled to a tempefature

six (6) to eight (8) degreeedlsius by a refrigeration plant. This chilled solution is pumped to

various floors of the building and its difent parts. The process comprise of cooling coils,

blowers, and ductd.able 4.11shows the different cooling and ventilation appliances in the hotel

with their ratings ad estimated energy consumption.

Table 4.11 Cooling applianceswith their ratings and annual energy demand

S/N Appliances Quantity  Energy Average  Average Average  Average
N Rating hours of Energy energy Energy
(Nr) KW usage/day consumed/ consumed/ consumed/
(kw) (hrs) day month annum
(kwWh) (kWh) (kWh)
1 Chilled water 1 350 24 8,400 252,000 3,024,000
central AC
plant
2 Haier
thermocool
o 1.1 24 211.2 6,336 76,032
1.5hp split unit
AC
Standing Fans
3 0.08 6 8.64 259.2 3,110.4
AOXO0 br
45 Extractor fans 22 0.08 12 21.12 633.6 7,603.2
Total 3,110,745.6
Sour ce: Researc
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4.2.3.2.2 Estimated lighting demand

Just like the other hotelhé¢ lightingdemand was estimateding the same method. Table 4.12

shows the different lighting appliances with their ratings and estimated energy demands.

Table 4.12 Lighting appliances with their ratings and annual energy demand

S/IN Lighting Location  Quantity Rating Average Energy
(No) (kWh) time of consumed/a
use/day nnum
(hrs) (kWh)
1 Fluorescent light corridors 1530 0.04 12 264,384
Bedrooms and offices
2 bed side lighting Bedrooms 1350 0.026 0.5 6,318
fitting
3 Recessed ceiline Hall, offices 476 0.06 12 123,379.2
light &
Public areas
4 Decorative Banquet 278 0.036 6 21,617.8
Dimmable Hall,
recessed light Restaurant
&
Restaurant
5 Bollard Light Garden anc 314 0.04 12 54,259.2
car parks
6 Halogen security Walk ways 312 0.2 12 269,568
street light
7 Security  Flood Property 22 0.2 12 19,008
light boundary
Total 758,534.2
Sour ce: Researc
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4.2.3.2.3 Estimatedappliancesdemand

The appliances demand is obtained from equadidn It covers heating appliances, cooking

appliances, Electronics and machines.
Qa = 4,966,192 - 3,869,279.8 Qa = 1,096,912. 2kWh

Similarly, the total estimated electricity demand fboe&ton hotel and towers is calculated using

equation 3.1

////////////////////////

Qt = 3,110,745.6 + 758,534.2 + 1,096,912.2

Qt = 4,966,192kWh (Total estimated electricity demand)

4.2.3.2.4 Disaggregatednergydemand

The total average annual estimated demandefarated into different endes. This is to
observe the different consumption patterns of itidividual selected buildings. Figure 4.6
shows the percentages of the disaggregatedusaddemand for cooling, lighting and other

appliances respectively.

Disaggregated electricity consumption for the end-
uses

M cooling
H lighting

M appliances

Figure 4.6 Percentages of Disaggregated engses
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4.2.3.2.5 Normalized Energy Supply

Table 4.13 gives the Normalized energy supply for the three hotels amenbtafter

computation.

Table 4.13 Normalized Energy Supply per meter square

Energy Supply Energy Supply Total Approx. Normalize
Hotel Buildings (Hrs/day) (kWh/month) Energy Bldg. d Energy
Utility Backup  Utility Backup  Supply Floor Supply
(kWh/ Area (KWh/m?2)
annum) (m2)
Reverton Hotel 19 5 15,500 780,000 1,122,000 6,841 164
Shiroro Hotel 18 6 13,780 96,480 1,323,120 4,429 298
Sheraton Hotel 22 2 285,516 135,000 4,966,192 15,928 311
Total 59 13 314,796 1,011,480 7,411,312 27,198 775
Source: Researc

4.2.3.2.6 Normalized EnergyDemand

The substantial contribution by cooling is an indication that targeting thisisnavill provide

significant energysavingsTable 4.8shows the normalizedlectricity consumption by area of

each disaggregated endeand the averaggser annunacross the three buildings studied.
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Table 4.14 Normalized Cooling, lighting and appliances demand per meter sre

Cases Studied Cooling Lighting Appliances Approx. Total Average
Demand Demand Demand Floor area annual
(kW) (kW) (kW) (m2) demand
ECD (kwh) NCD ELD NLD EAD NAD AED AND
(kWh/m2)  (kWh) (kWh/m2)  (kWh) (kWh/m2) (kWh) (kWh/m2)
Reverton hotel 440,467.20 64.38 119,279.52 17.43 562,253.28 82.18 6,841 1,122,000 164
Shiroro hotel 662,371.2 149.55 124,750.08 28.17 535,998.72 121 4,429 1,323,120 298
Sheraton hotel 3,110,745.6 195 758,534.2  47.78 1,096,912.2 69.10 15,928 4,966,192 311
Total 4,213,584 473.55 1,002,563.8 110.88 2,195,164.2 354.1 27,198 7,411,312 775
Source: Researc
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In the total annual average demamdPlate 47, the normalized values indicates tRaverton
has the highest annual normalized deman®2x.93kWh/m2 followed bySheraton hotel
with 311.8kWh/m2, closely followed by Shiroro hotel with an average annual demand of

298.72kWh/m2This gives a range of 298.72kHh/m2 to 327.93kWh/m2.

Average Annual Normalised Energy demand

= 340
[+7]

N 330

g 32

2 %, 310

= ~— 300

5 <

z 280

E’Lé’ Reverton hotel Shiroro hotel Sheraton hotel
m -

E Case Studies

Figure 4.7 Average annual Normalized demand

Reverton hotel, Shiroro hotel and Sheraton hotel and toha&ve their cooling endse
normalized at129kWh/m2, 149.55kWh/m2 and 195kWh/reguivalent t039%, 41% and
63% respectivelywhile their respectivenormalized lighting endise is 11%, 9% and 15%.
Their corresponding appliances values are; 50%, 50% and 22% respedtigeire 4.8
showsthe aggregate consumption in pereg@s across the three buildings. In the normalized
enduse demand it gives a rangf 129kWh/m2 to 195kWh/m2 for cooling and
34.93kWh/m2 to 47.78kWh/m2 and a range of 69.1kWh/m2 to 164kWh/m2 for other

appliances energyedhand.
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Figure 4.8 Percentages of the Normalized endses

The principles of passive cooling and ventilaticonsideration looks out foarchitectural
design strategies that are climate responsthat are incorporated in the hotel buildings
which help provide comfortable indoor conditions naturaby preventing, reducing or
dissipating the incident solar radiation to the buildiridhese principles that help in

collection, storage, distribution and control of energy flow by natural process of cooling and

39%

Normalised End-uses For The Three Cases

B Reverton hotel

41%

63%

B Shiroro hotel

=%

9%

B Sheraton hotel

15%

50%| | 50%

22%

cooling

lighting

appliances

4.3 Principle of passive coolingand ventilation in selected hotels

ventilation into the building.
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4.3.1 Reverton Hotel, Lokoja, Kogi State.

Reverton hotel ds principl es iderhtions ars discussed c o o |

under the following headings.
4.3.1.1 Building Orientation

The hotel has a good orientation relative to sun path. The shorter sides of the main building
face eastvest direction while the longer path faces nelith. On the other part, the
multipurpose hall has poor orientation relative to sun path. Although, window openings have
been avoided on thdirection of the suin cases where they are provided, less activities takes
place in such place&igure 4.9shows buitlings orientationin Reverton hotefelative sun

path.

Main Building
Multipurpose hall

Generator house

Gate house

General Store

Lot I
I
e
i

Swimming pool

Changing room

THHH] Bar

Figure 4.9 Reverton hotel buildings orientation with respect to sun path
Source: Researkc20r 6s Field wo
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4.3.1.2 Thermal mass

The dominant building material for Reverton hotel is hollow sandcrete block of
225mmx225mmx450mm. The bui | diwitlglessteermalanass t o
and insufficient insulation to retain cooling for a longer perfakt of the building included

the nstallation of Venetian blinds and curtains to reduce the amowtlaf glare into the

building.

These blinds and curtains are controlled by the occupants, and can be drawn up or down, as
well as tilted to better control the amount of daylight entering the space. However, they were
installed on the upper portion of the frame of the windows in eaoh Wghen the blinds and
curtains are all the way down, these blinds essentially cover the windows, restricting the
amount of air that can enter (or exit) the buildiRtate XXV shows the building envelope of

sandcrete block rendered with sand/cement martd finished with emulsion paint.

Plate XXV Sandcrete Block of 225mmX225mmX450mm as building material.
Source: Researkc2Bl®dr 6s Field wo
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4.3.1.3 Building Form

Reverton hotelisan elongated rectangular building shaplkich significantly reduces the
building's energy intensity and reduces the need for active mechanical syBtesnshape
can have 125% reductio in energy use over a compact building of the same size as opined

by Holtz (2003.

4.3.1.4 Openings Windows and vents

The dominant window size in Reverton hotebisingle glazing of size 1200mm X 1500mm.
This reduces the openings to wall ratib 6% to 94%. This reduces the amount of solar

penetration into the building.

4.3.1.5 Sun shading devices

Reverton hotel has a provision of roof overhang and recessed walls which help in cutting

down amount of solar radiation entering into the building.

4.3.1.6 Landscaping

Reverton hotel ha$rees and green landscage ground covearound the building reduces
the ambient temperature and limiting the heat island effect around buildings, thus reducing
the cooling load and protecting the building from sun, wind and precgitaRlate

XXV Ishows elements of green landscaping in Reverton hotel.
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Plate XXVI Elements of green landscaping in Reverton hotel
Source: Researkc28l®dr 6s Field wo

4.3.2 Shiroro Hotel, Minna.

Shiroro hotel 6s camling and ivgntilados coonsfderapoass ssei diseussed

under the following headings.

4.3.2.1 Building Orientation

Shiroro hot el has an A X0 wmng Mwee lpidcks innthe t h e
accommodation wing have been oriented facing Nsoilth direction with thir shorter sides
facing the sun path. The other two blocks faces directly to sun path which allows much solar
penetration into the rooms creating thermal discomfbine admin block also has good
orientation with respect to sun patlgure 4.10shows thedifferent wings and their

orientation with respect to sun path.
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LEGEND

Multipuspose hall, caesing sesvice,
onmercial shops and recaprion hall.

Accommodation wings

- Admin/Workshops

Business Cenve

security Gate house

Figure 4.10 Buildings orientation with respect to sun path
Source: Researkc20l®r 6s Field wo

4.3.2.2 Thermal Mass

The walls of Shiroro hotel

are also constructed of sandcrete blocks of size

225mmX225mmX450mm with sand and cement mortar of thato Just like Reverton, the

wall is thermally light as it does not retain heat or cooling for a longéocpef time.Plate

VI shows Sadcrete block construction of Shiroro hotel buildingmdered in sand/cement

mortar and finished with emulsion paint.

Building Form
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Shiroro building are dominantly of elongated rectangular in shHps.make it possible to
minimize the amount of solar radiation penetration into the building for ¥wsg A and C
which are oriented with their shorter parts facing the sun diredtomg B and D has poor
orientation as their longer sides are placed facingWast direction. In this case, more solar
radiation will penetrate into the building heating up the spacd® emeating thermal
discomfort. The elevation of the building constructed with sandcrete block is shown in

Platex XV 1.

Plate XXVII Sandcrete Block construction in Shiroro hotel
Source:tResear cherrl@2015Fi el d wo

4.3.2.3 Openings, Windows and Vents

Just like Reverton hotel, Shiroro hotel consist of dominantly single glazing aluminium
windows of size 1200mmX200mm with window to Wall raticof 12% :88% in the
accommodation wings. It also encompass an open court yard centrally located in the
accommodation wings. The admin section has glazing from wall taweeily in the offices,
restaurant, reception and rmpurpose hall. PlatXXVIIlI shows window openings and open

court yardcentrally located in the accommodation wings.
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Plate XXVIII Openings type and Court yard in Shiroro hotel
Source: Researk2aler 6 s Fi el d wo

4.3.2.4 SunShadingdevices

All the buildings in Shiroro hotel has a provision of roof overhang and horizontatratsgy
shading devices which help in cutting thmount of solar radiation that penetrates into the

building. PlateXX 1X shows the horizontal eggates provided in Shiroro hotel.

s 5T

- b
P, e o S 3

=

e

I

Plate XXIX Egg-Crate overhang in Shiroro hotel
Source: Researkc2fl®r 6s Fi el d wo
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4.3.2.5 Landscaping

Shiroro hotel has been well landscaped with trees and green landscape around the buildings.
It also consist of a garden at the southern glatthe buildings. Trees were planted around the
northern and eastern parts to sessebuffer spaces to cut off solar radiation and sound from
penetrating into the buildindg?late XXX shows a garden and buffer zone at the sides of the

accommodation wings to help in minimizing solar radiation penetration into the building.

Plate XXX Garden and Buffer zone in Shiroro hotel accommodation wing
Source:Resear cherrl2015~i el d wo

4.3.3 Sheraton Hoteland Towers, Abuja.

Sheraton hotel ds principles of passive cool

under the following headings.

4.3.3.1 Building Orientation

Sheraton hotel orientation is not conforming to the N&olth orientation. The
accommodatiowings are slightly tilted towards NorBast and SouthVest direction with

their shorter sides facing NofiWest and Soutftast. Although the Givoni angle of tilt
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suggested buildings should be slightly tilted to face N&dbt and SouthVest. This is

becaise the sun path is not constantly in one position. The tilt in the orientation will cut off

unwanted solar radiation from entering the buildiRggure 4.11shows the orientation of

Buildings in Sheraton hotel and towers.

Reserved Area

EGEND

A Acconmodation wings
B Conference Meeting Banquet halk
C Admin BlockService Area
D Indoor games Gynmasium
E Swimming pool/Bar
F Accommodation wings
G Security Gae Howme
H Workshops Mosque
1 Generaps Fower house
1 Out door recrea donal games
P Barking Arac

Figure 4.11Buildings orientation in Sheraton hotel and towers Abuja
Source: Researkc20r 6s Field wo

4.3.3.2 Thermal Mass

The buildings in Sheraton hotel are constructed with sandcrete blocks and concrete panels.

The concretganel ismostly provided on roofs and some wall panels. Concrete panels are

AThermall yo heavy as they retai.n heat or
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4.3.3.3 Building Form

The building in Sheraton hotel ha@mple rectangular forms which define the longed an
shorter sides of the buildingectangular forms in the buildings provide smaller surface area
exposure to solar radiation hence, minimizes the amount of solar heat gains penetrating into

the building.
4.3.3.4 Openings, Windows and Vents

Predominantly, thebuilding was provided with single glazing panels to encourage
infiltration. The guest bedrooms have a one way ventilation with wall to waing) which
opens to balcony provided with overhangs which serve as sun shading édaieexXXX|

shows the various openings in Sheraton hotel.

_‘?’-f.»-.-_

Plate XXXI Sheraton Openings as doors and windows
Source: Researkc2fler 6s Field wo

4.3.3.5 SunShading devices

All round the accommodation wings were over hang serving as sun shading device. The
centralatrium also serve as means of shading and provide stack ventilation which help to
suck out vitiated air out of the building. PlatXXIl showsBalcony at the external facade of

the building and the central atridotated in the accommodation wings.
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Plate XXXIl Balconies and Central Atrium in Sheraton hotel
Source: Researkc2tl®er 6 s Fi el d wo

4.3.3.6 Landscaping

Landscaping is one of the domind@aturesaround the environment in Sheraton hotel. There

are different varieties of trees and green landscaping and gardens. The trees have created
shadingand a buffeto the buildings and have also atedaesthetically pleasing views the

hotel. Plate XXXIIl shows landscaping elements in Sheraton hotel. There are also water

bodies within the central atrium which facilitate evaporative cooling.

Plate XXXIII Water body and Landscape elements in Sheraton hotel Abuja
Sour ce: Rerldwokc201dr 6 s

4.4  Assessment of the Principles d?assivecooling considerdion in the hotels
Principles of passive cooling consideration gigen more attention in Sheraton hotel
compared to Reverton and Shiroro hogik principles of passive cooling were studied in
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each case using a scale factor of: Very good, Good, FailPand Table 4.15 gives the

scores for each of the case studies in terms of passive cooling consideration.

Table 4.15 Passive cooling consideration scores for the case studies

PASSIVE COOLING CONSIDERATION
ASSESSMENT SCALE:Very Good, Good, Fair and Poor

S/IN  VARIABLES

1 Building
Orientation

2 Shading devices

3 Ventilation/Air
movement

4 Materials/Finishes

5 Landscaping

6 Thermal
Insulation

FEATURES

REMARKS

Shorter parts of the building facir Verygood Good

sun path (East and West) wi
fewer openings to minimize hes
gain on the building surface.

Use of overhangs, recesses ¢
shadesto cutoff excess inciden
solar radiation on the building.

Use of openings (Windows ar
screens)Court yard and Atrium tc
aid crossventilation or stack effec
to enhance air movement.

Use of sustainable buildin
materials that minimize/prevel
solar radiation penetration into tt
building.

Use of naturalegetation such a
trees, shrubs and other featul
which minimize the effect of sole
radiation.

Use of insulating materials thi
minimizes solar radiatiot
penetration into the interior space

Poor

Fair

Good

Fair

Fair

Good

Good

Good

Good

Fair

REMARKS REMARKS

Poor

Very good

Very good

Very good

Very good

Good

Source:

Resear ¢c20l6

In terms of building orientation, the accommodationits in Sheraton hotel havet been

properly oriented with respect to sun pathile in Reverton the accommodation units have

their shorter side facing directly to Ea&fest which also cut off some solar radiation while in

Shiroro

hot el |, t he caccomraogodtion avihgs éxposes sothe qf thee d
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rooms directly to sun path. Albugh, horizontal egg crate shading devices were used to shade

the rooms to prevent the penetration of solar radiation.

The construction building material for Reverton and Shiroro hotel is sandcrete blocks with
interior cavity, this material does not retdieat or cooling for a long time while Sheraton is

of concrete construction which made the buildings thermally heavy as they tend not to easily
allow heat penetration into the interiors.am event of penetration, the walls also retain the

heat for a loger period before it escapes out of the interior spaces.

In terms of Building form, all the three buildings were able to adopt an elongated rectangular
building form which reduces the surface area of the building that gets in contact with the
solar radiatbn which in turn minimizes heating up of the interior spaces. In addition, the

building forms in Sheraton were also staggered to help in shading the individual towers from

the radiating solar heat.

In all the three cases, the openings, shading devicetaadscape elements were basically
provided to minimize heating up of the immediate environment and to create a micro climate

which will further enhance thermal comfort in the interior spaces.

45 Architectural Consideration

The ArchitecturalConsiderationsf the selectethotek are coveredunder the following:

i.  Spatial Planning
ii.  Room types

ili.  Spatial Planning
The spatial planning of the selected case studies is discussed under

i Front of the house
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ii. Back of the House
iii.  Auxiliary Services

iv. Room types

Room types givéhe description of thearious types of rooms providedrfthe satisfaction of

the guest in the selected hotels.

4.5.1 Reverton Hotel, Lokoja, Kogi State.

Reverton Hotel is a four star hotel established and started operation in February, 2013. It is
centrally located in the government reserved area (GRA)o#bja; Kogi State along

Kunama Street PlatéXXIV shows a Google image of Reverton hotel in Lokoja

a1 r Congle
~ Image ©®2015 D!g\(a\Globe. 't A ‘ ©2010 008 e

Do -

7°48!07.92" N .6°44'05.32"E elev 82 m Eye althy 393 m

A = Front of the house facilities, B = Back of the house facilities, Auxiliary

Plate XXXIV Google image of Reverton hotel, Lokoja
Source: Researke2Bler 6s Fi el d wo
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4.5.1.1 Spatial planning

The hotel comprises of ninety (90) rooms in the category of Standard Suites, Executive
Suites, Business and Presidential Suites. It also consist of a multipurpose hall of sitting over
1,500 guest equipped with public address system. Qdledities include well secured car

parks, two Restaurants, a bar and a swimming pool.

45.1.1.1 Front of the house

The hotel has amviting reception which is the first place seen by the guest. Located within
the front of the house is a bar close to the reception hall. It also houses a central distribution
lobby which usher guest to the stair halls, guest rooms, restaurants. Thalkibleads to an

exit which direct the guest to the multipurpose hall in case of any occasion taking place. Plate

XXXV shows the drop off and the reception hall in Reverton hotel

Plate XXXV Drop off and Reception hall in Reverton hotel
Source:Researched s Fi e ]2815Wo r k
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4.5.1.1.2 Back of the house

The back of the house in Reverton is a conspicuous area located toward the western end of
the building. It comprise of services such as the kitchen, laundry, ssipplr@cuation,
housekeeping and mechanical sgad&late XXVIshows the kitchen and laundry facilities

in Reverton hotel.

Plate XXXVI Kitchen and laundry facilities in Reverton hotel
Source:Researcheb s F i &]201%Wo r

4.5.1.1.3 Auxiliary Services

Reverton hotel consist of limited auxiliary facilities. Among the ones available is a
conference hall having @apacity of accommodating five hundred (500) people with two (2)
syndicate meeting rooms of capacity of twenty (20) people each for committees meetings
while conference is going on, others include; a swimming pool, security/Gate house,
generator howa2se ad an oudoor bar facility. Plate XXXVI shows the various auxiliary

facilities in Reverton hotel.
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A = Security/Gate houseB = Multipurpose hall, C = Outdoor bar facility, D

Plate XXXVII Auxiliary facilities in Reverton hotel
Source:Researched s Fi e 2815Wor k

4.5.1.1.4 RoomsTypes

The hotel comprises of ninety (90) guest rooms in the category of, Standard Suites, Executive
Suites, Business and Presidential Suitesonsist Forty eight (48) Standard Suite with

twelve (12) each on first floor, second floor, third floor and fourth floor respégtiltealso
consisbf five (5) business and five (5) executive suites in each floor with only two (2)
presidential suites in a pent houdtlate XXXVIII shows the different room types in

Reverton hotel
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A = Standard suite, B = Executive suite, C = Business suite, D = Presidential suite

Plate XXXVIII Room types in Reverton hotel
Source:Researched s Fi e ]2815Wo r k

115



4.5.2 Shiroro hotel, Minna, Niger State.

Shiroro hotel is a three (3) star hotel established and started operation irit i986cated
along eastern bye pass in the Minna thetahjity of Niger StatePlate XXXIXshows a

Google image oghiroro hotel Minna.

f WY 4 o NN W/ SES
F= Front of the house facilities, B= Back of the house facilities, A= Auxiliary facilities

Plate XXXIX Google image of Shiroro hotel, Minna
Source:Researched s Fi e ]2815Wo r k

4.5.2.1 Spatial Planning

Shiroro hotelcomprise of two hundred and eight (208) rooms in the category of executive,
deluxe, business and presidential suites. It atmusistsof a multipurpose hall of sitting
capacity of 1200 peopl®ther facilities include a well secured car parks, restaurant, bar and
discothequeAll the facilities in Shiroro hotel are distributed far apart from one another to
create a barrier between tleeilities. PlateXL shows the distribution of the various facilities

in Shiroro hotel, Minna.
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A= Reception lobby as part, B= Restaurant, C = Conference hall, D = Meeting roo
Plate XL Reception and restaurant as parts of the front of the house

Source:Researcheb s Fi e ]2815Wor k
4.5.2.1.1 Front of the house

The front of the house is located at the right side of the buildings encompassing the reception,
restaurantand banquehall and guest bedrooms locatatl the far east of the hotel and

accessed via a ramp.

4.5.2.1.2 Back of the house

The back of the house comprises mainly the kitchen, service area and a laundry. These are
located close to the admin section at the left side ofuiidibg. Plate XU shows the kitchen

and kitchen lobby leading to storage area as parts of the back of the house.
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A= Kitchen, B = Kitchen to Storage area lobby. (Parts of Back of the house)

Plate XLI Kitchen and Kitchen lobby
Source:Researcheb s Fi e ]2815Wo r k

4.5.2.1.3 Auxiliary facilities

The auxiliary facilities in Shiroro hotel includd;et table shops business centre and

security/@te house.

4.5.2.1.4 Rooms type

The guest rooms are housed indepetigieon a two storey buildinglt comprises of two
hundred and eight (208) guest rooms in the categorgxefutives siites, deluxe Suites,
super delux@usiness and Presidential Suiidsere are only eight (8) presidential suites with
one (1) located in each floor of the four (4) wings of the accommodation. There aretwenty
five (25) units ofthe remaining room types ineach of theofs of two (2 wings. Plate XLI

shows the differentoom types in Shiroro hotel, Minna.
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A= Executive, B = Executive Toilet, C = Deluxe, D = Super deluxe, E = Business suit

F = Presidential suite

Plate XLII Rooms Type in Shiroro hotel, Minna.
Source:Researched s Fi e ]2815Wo r k
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4.5.3 Sheraton Hotel

Abuja Sheraton hotel and towers is a five (5) star hotel constructed and started operation in
1989It was originally designed as Abuja Hyatt Regency hotel but latersferred to

Sheraton group of hotels to manage. The hotel was designed by Skidmore, Owings and
Merrill and was constructed by Cotinho, Caro and Co. Hamburg. The hotel is located along
Ladi kwal i way, besi de Y arRatexiu shows ¢he Gaoge, Wu s ¢

image of Sheraton hotel and towers, Abuja

A= Accommodation, B=Admin and @derence/meeting/banquet halls, C=Kitchen/Supplies,
D=Recreational Facilities, E=Workshops

Plate XLIIl Google image of Sheraton hotel and towers, Abuja
Source:Researched s Fi e ]2815Wor k

1.1.1.1 Spatial planning

Sheraton hotel and towers consists of twelve (12) floors housing five hundréattgr(&40)
guest single roomwith a toilet en suiteone hundred and thirty five (135) guest suites, three
(3) restaurants, a bar/lounge, fourteen (14) conference/meemogiet halls., laundry

services, businesenters shopping facilities and recreational faciliteasd car hire services
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4.5.3.1.1 Front of the house

The front of the house houses the front desk which is the reception hall. It is actaesked

main entrance afteahe dropoff. After checking into the hotel at the reception, the guest pass
through the central atrium where the lifts that lead to the guests rooms is located. The guest
rooms ardocated at the three (3) toweas the upper floors from first floor tthe twelfth

floor.

Other facilities within the front of the house are the multipurpose halls, banquet halls, and
meeting rooms. They are located at the southern part of the hotel beside the general parking
lots. The halls consist of demountable partitiarisch allows for extension of spaces within

the halls.

In addition,other front of the house facilities include a bar, lounge and three (3) restaurants
which are located tdhe ground floor of the maitowers and also at the central atrium

between the toweRBlateXLIV shows some front of the house facilities.

A= ICT Centre B = Reception hall,
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C= Pappllon restaurant D = Ballmdbanquet, E = Ballroom meeting roor
F = G = Obudu grill, H = Luigi©os
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K = Conference hall, L = Banquet hall

Plate XLIV Front of the house facilities
Source:Researcheb s Fi el d Wor k

4.5.3.1.2 Back of the house

The back of the house in Sheraton hotel is located in the basement. It encompasses the
Kitchen, laundry services, food and beverages delivery service/delivery area and waste

evacuation area. These services are located at the basement to avoid thef th&ayuests.

The back of the house staff and delivery enters the hotel through the service gate which is

located at the southern part of the hofate XLV show some of the back of the house

facilities.

A = Food and beverages supdd/= Waste evacuation area

Plate XLV Back of the house facilities
Source:Researcheb s Fi el d Wor k
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4.5.3.1.3 Auxiliary facilities

The auxiliary facilities include thefitness centre recreational facilities, workshops,
swimming pools, indoor and outdoor gamigloor and outdoor barsatering services and
tour assist unitThese facilities are located centrally between the front of the house and the
back of the housBlate XLVI shows the various auxiligrfacilities in Sheraton hotel and

towers.

A = Swimming pooJ B = Lawn tennis court, C = Fitness centre.

Plate XLVI Auxiliary facilities in Sheraton hotel and towers.
Source:Researcheb s Fi el d Wor k
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4.5.3.1.4 Room typs.

Most of the room types in Sheraton hotel are named after freesoom names in Sheraton

hotel are shown ifable4.16.

Table 4.16 Different room types and their quantity in Sheraton hotel

S/N Room types Quantity
1 Tamarind A&B 70
2 Obeche A&B 60
3 Acacia A&B 60
4 Bibian A&B 60
5 Ballroom 1 30
6 Ballroom 2 30
7 Ballroom 3 30
8 Ballroom 4 30
9 Grand Ballroom 170
10 Tamarind A suite 20
11 Tamarind B Suite 25
12 Obeche A Suite 25
13 Obeche B Suite 25
14 Acacia A Suite 20
15 Acacia B Suite 20
Source: Researc
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The different room types in Sheraton hotel towlers arellustrated inPlateXLVII 1.

A=Tamar i ndBHiCb&Bcohe A A&BO, C,B=BAchaicaina i A
Ballroom %4 | F = Grand Ballroom, G = Tamar
Suites NA&BDO

Plate XLVII Different room types in Sheraton hoel and towers.
Source: Researcherds Field Work
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4.6 Discussion on architectural consideratios
Out of the three cases studied, Sheraton hotel and towers largkst of all followed by
Shiroro hotel then Reverton hotel, Lokoja. SimilaiBheraton hotel has more architectural
consideration facilities compared to the other tWd. the three hotels has the following

facilities in common:

i.  Accommodation

ii.  Catering services

iii.  Laundry services

iv.  Conference hall

V. Meeting rooms

vi.  Commercial shops
vii.  Parking paces
viii.  Security/Gate house

ix. Admin offices

WhileSheraton and Reverton halehs Swimming pool anautdoorBar facility in common,

Sheraton hotedlsohas the following facilities:

i.  Indoor games
ii.  Outdoor games
iii.  Fitnesscenter
iv.  Tour Assist

v. Travelling agency offices
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The Distribution of the architectural consideration in each of the hotels is shoWwable

4.17.

Table 4.17 Distribution of the architectural consideration in each of the hotel.

Hotel Acc. CF SP CS LS SF TA PS AO

Reverton v v v v v v v

Hotel

Shiroro
Hotel v v v v’ v v

Sheraton
Hotel

v VvV vV v VvV VvV VvV v Vv

Acc = Accommodation, CF = Conference facility, SP = Swimming pool, CS = Cat

services, LS = Laundry services, SF =Sport facilities, TA = Tour assist, PS = Parking s Fi e

Further breakdown of the basic architectural considerations in each individual hotel is shown

inTable4.18

Table 4.18 Breakdown of the architectural consideration in the individual hotels

Hotel No of No of  No of Number Garden Sports Swimming
Floors Rooms conference of facilities Pool
B G U & meeting  Parking
rooms space
Reverton 1 1 3 90 2 104 - - 1
Hotel
Shiroro - 1 1 208 280 250 1 - -
Hotel
Sheraton 1 1 1 675 200 3200 3 7 2
Hotel 1

B = Basement, G = Ground floor, U = Upper floor

Sour ce: Researcher6s Fi e
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4.7 Autodesk Ecotect Simulation
The study conducted a simulation analysis using Autodesk Ecotect to validate the
Computational Fl uid Dynami tdssus(eCPB) asafltiwar &d

passive cooling as means of Energy Conservation in hotel buildings.

4.7.1 Thermo-Physical properties

The 3D model loaded into Ecotect undergoes series of settings in both zone management and
materi al properties. Il n the zone asshowengne ment ,
Figure4.12while in the material management, each zone is given a material prapedis

the material property, The thicknessMRlue and the admittance properties of each material

is imputed while the Ecotect softwaretematically calculates the Solar absorption, Thermal

Decrement, Thermal Lag and the weight of the material

B8 Autodesk Ecotect Analysis 2011 (UNLICENSED) - © Autodesk, Inc. 2010 - X
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Figure 4.12 Setting of Zone Management of the 3D model in Ecotect software.
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4.7.2 Simulating passive cooling principles in the proposed hotel

Building orientation study, monthly cooling loads and solar heat gains and losestisinsula
was carried out as it relates to the aim of the research (principles of passive cooling). In each
case, two models of conventional materials and construction and that of controlled materials

and construction are compared.

4.7.2.1 Building Orientation study

A solar radiation study is performed in Ecotectto provide an early indication bfthe | di ng 6 s
optimal orientation wh respect to the sun. It is hypothesized that drientation will

maximize passive solar gains through the large glazed areas, ssthegverhangs provide

adequate shading in the warmer monthg also performedo confirm thebestorientation

with thelowest energy requiremeiihe direction of north is theoiffsetevery 30°, simulating

the effect of changing the buildingds orien
shown to provide benefits of both the 120 d@ degree orientations Figure 4.13 and

thus is chosen as the estimate for the beshtation

Figure 4.13The 150degreeOrientation to provide benefit of both 120 and 180 degree
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4.7.2.2 Monthly Cooling Loads of Conventional Materials and Construction

The total energy consumption for the monthly cooling loads of the conventional materials

and construction is ditgyed inTable4.19with the month of April having the highest cooling

load of 175,574.60kWh and month of August having the lowest cooling load of

48,048.54kWh.

Table 4.19 Monthly Cooling Loads of Conventional Materials and Construction.

MONTHLY COOLING LOADS

Max Cooling: 870028 W (870kW) at 16:00 on 24th March

TOTAL TOTAL
MONTH (Wh) (kWh)
January 121254008 121254.008
February 156540848 156540.848
March 214322272 214322.272
April 174574608 174574.608
May 150388960 150388.96
June 88377400 88377.4
July 70963120 70963.12
August 48042192 48042.192
September 49662544 49662.544
October 104258920 104258.92
November 115754488 115754.488
December 107492728 107492.728
TOTAL 1401632128 1401632.088
PER M2 1260Wh/m2 126kwh/m2
Floor Area: 11,124063 m2
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The annual average cooling load per meter squat2dsWh. This is representad Figure

4.14.

COOLING LOAD (kWh)

250000
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150000 -~
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50000 -

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

Figure 4.14 Monthly Cooling Load of Conventional Materials and Construction

4.7.2.3 Solar Heat Gains and Losesfor conventional materials and construction

This graphin Figure4.15shows an average day each month, with months along the horizontal
axis and hours of the day along the vertical. The colour of each grid square represents the

average gain or loss

Knowing the source of heat gains and losses can indicate where design efforts should be
focused. Here it is shown that heat losses through the building envelope due to conduction
and infiltration (shown in red and green, respectively) dominate the intbezal gains

contributed by appliances, lighting, and occupants (shown in blue).
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Figure 4.15 Solar gains for the year round from January to December

The figure also showthat heat gains from the building fabric, due to both external
temperatures and incident soladiation occur mainly from about 9a. to4 p.m. during
winter between the month of January to March and July to Septetlaso shows that
summer gains occur from abdltam. to3 p.m This is mainly because the sun rises earlier
in the months of April to June and October to Decembespardds longer heating up the east
wall. This would suggest that sorfeem of shadingon the east side may be required
Figure4.16alsoshows that intezonal heat gains occur at the wgressibletime, middle of the

day in summerThis suggestthatsteps tde takerreducethe effect

GAMS EREAKDOWH - Al Visible Themmal 7omes
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v

I
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Direct Solar

Figure 4.16 Solar heat gains and losses in conventional materials and construction
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4.7.2.4 Monthly Cooling Loads of Optimized Materials and Construction

The total energy consumption for the monthly cooling loads obfitenizedmaterials and
construction is displayed imable 4.20with the month of April having the highest cooling
load of 128305.752kWh and month of August having the lowest cooling load of
30,959.3384kWh. The annual average cooling load per meter squdBk\Wh. This is

represented iMable 2.1.

Table 4.20 Monthly cooling loads for optimized materials

MONTHLY COOLING LOADS
Max Cooling: 657739 W (657kW) at 16:00 on 24th March

COOLING COOLING

MONTH (Wh)
(kWh)

January 81799960 81799.96
February 112943488 112943.488
March 160155152 160155.152
April 128905752 128905.752
May 109091384 109091.384
June 58454784 58454.784
July 47014328 47014.328
August 30959338 30959.338
September 33463214 33463.214
October 71690720 71690.72
November 77900928 77900.928
December 70271768 70271.768
TOTAL 982650880 982650.816
PER M2 88336/Nh 88kWh
Floor area: 11,124.063 m2
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Figure 4.17 Monthly Cooling Load of Optimized Materials
4.7.2.5 Solar Heat Gains and Loses foDptimized materials and construction

Just like as in the conventional constructiéingure 4.188 show that heat gains from the
building fabric, due to both external temperatures and incident ismla&tion occur mainly

from about 9an. to4 p.m. during winter between the month of January to March and July to
Septemberlt also shows that summer gains acfrom aboutllam. to3 p.m The shading
devices and the thermal insulation provided and the green roof have shown a significant

reduction in the solar heat gains.

Figure 4.188 Solar gains from January to December
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