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ABSTRACT
Sustainable design strategies are strategies that seek to promote the quality of indoor
and outdoor environment by reducing negative impact on building and the natural
environment Energy efficiency which is a key factor of sustainable design is
especially critical for conference centres with thgpically large volumes of space
and great variation in numbers of occupants. This has madlectieeon sustainability
in the design, construction, and operation of conference centres grow more intense.
Studies show that one third of the energy used in existing conference centres in
Nigeria is generated via electricity, but due to epileptic powpplgu high cost of
energy and high carbon emission, there is a need to minimize energy demand in the
facility. This research evaluated sustainable design strategies and their effects on
energy efficiency in conference centres in warm humid climates ofridig€he
climate, building envelope, heating, ventilation and air conditioning (HVAC) and
lighting systems working together as an integrated system are the principal factors
responsible for energy consumption of a building. The research was based on case
study approach and data was collected through visual survey and interview of
Architects/ designers of conference centres in the field of energy as well as analysis of
the environmental climate data of the proposed site. The case study revealed that the
centes as at the time of their construction did not consider sustainable design
strategies in terms of materials of the building envelope, wall and window shading as
well as natural means of cooling and lighting. In order to apply and achieve a
sustainable dggn, effort was put into understanding the local climate and integrating
appropriate strategies such as appropriate orientation, landscaping, fenestration,
shading devices and appropriate use of materials into the architecture. The key factors

which are bcal climate, building envelope, lighting, and cooling systems affecting the



energy efficiency of the building were analyzed and the strategies to improve its
sustainability were examinethnovative building materials and technologych as

clay bricks inconcrete render, precast concrete panels and solatube daylighting
systemeffectively utilized on a model in managing the problem of lighting and
cooling energy loads were carefully investigated and these were used to arrest the

energy efficiency challengan the study area.
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GLOSSARY

Building envelope k nown as t h ¢ offitte kdofp exterior candsiritesior
walls, windows, doors and floor of a structure; it serves as a
barrier that separates the interior of the building from the
outdoor environment.

Daylighting Daylighting is the use of direct, diffuse, or reflected syhtlito
provide full or supplemental lighting for building interiors.

Heat gain Inside heat generated from internal heat sources such as lights,
appliances, machinery, and human bodies, thermal mass, and
air temperature (sun).

Low-emissivity Emissivityisa measure of an ob-jwaet 6s a
infrared radiation or room temperature radiant heat energy.

Surfaces with lowemissivity reduce heat flow and allow light

through.
Photovoltaic Photovoltaic (or PV) systems convert light energy into
eled ricity. Al so commonly known

simplest systems power many small calculators and wrist
watches. More complicated systems can provide electricity for
pumping water, powering communications equipment, and

R-value Standard rating systemsed to label insulation value of
materials. Also, an energy efficiency rating designed by the
Efficient Windows Collaborative system. The higher the r
value, the less heat loss.

Solar gain Heat from the sun.

Xviii



Sustainable design The ability to meetit oday 0 s energy nee
compromi sing the ability of fut:
The use of energgfficient designs, building materials,
appliances, as well as reusing and recycling materials,
including the building at the end of its life.

Thermal resistance The opposition of materials and air spaces to the flow of heat
conduction, convection, and radiation.

U-factor: The American Architectural Manufacturers Association
(AAMA) specifications for glass windows, doors, and framing
materials. The lower the tfactor, the higher the insulation

value.
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1.0 INTRODUCTION
1.1  Background of Study
Sustainability has increasingly become @mportant aspect of architecture and
construction Hencearchitects and their clients have integrated both their functional
requirements and a wide range of sustainable strategies into the architecture
(Moskow, 2008).The concept of sustainability is widely used in many areas but the
mainidea is to provide benefits for current generation, without neglecting the effects
that it would bring to the future society (Zamzuri et al, 208Ljstainabilityinvolves
addressing a wide spectrum of issues, sometimes, seentuogRicting ones
therefore aquiring a basic knowledge of these issues is the first step towards
establishing or clarifying personal values and moving towards a more sustainable
future (Sassi, 2006 Several factors, which are interactive in nature, are affecting as
well as threatening the existence of our planet Earth. They include overpopulation and
urbanization (which have multitude of effects), transportation in cities, energy use and
global warming, excessive waste generation and subsequent pollution of air, water
and soil, and limited supply of resourcéSubramanian, 2007According to Sassi
(2006), issues to consider for sustainability design incliadtel and ecology,
community, health, material, energy and wayle (2011)stated thasustainability
is more than using environmental friendhaterials;it is having a facility that works
well with the local environm@& and community and supports many different
activities.
Conferencecentres are remarkably effective environments for meetingmminars,
corferences and exhibition®oyle, 2011). They arpublic facilites( Mo h 6 d , 2010
which are often located in urbatentres |t 6 s most i nteresting

desire for functional outdoor spaces, these outdoor spaces provide visitors a more



direct physical and visual connection to the city and allow for meeting planners the
ability to program outdoor space as part of their event (Lockwood, 20&King
about sustainability, (Jhaveet al, 2010) stated thagnergy efficiency is a particular
challenge for conferenagentresdue to their typical large volumes of space and great
variation in the number of occupantde also ascertained that one of the unsung
heroes of sustainability is adaptive regseen on a grand scal®lurphy (2010)
opinedthat reducing the consumption of electricity in conferecer@ress especially
importantespeciallyon air conditioning and lighting system&s corferencecenter
space becomes more melse, thespaces provided should adapt to the need of the
users(Doyle, 201). This thesis tends taddress this issue of energy efficiency which
poses as a challenge in conferememtresthrough the use of sustainable design

strategies.

1.2  Problem Statement

Studieshave shown thathe focus on sustainability in the design, construction, and
operation of buildings and facilities is growing more inteasd eergyefficiency is
especially critical for conferenagentresdue totheir typically large volumes of space
great variationn numbers of occupanéd range of activities that take place in them
This results in high energy demand which has not been adequately met since the
country faces constant power disruption due téfizient use of power resources.

It hasalsobeenobserved from studiesf existing conferenceentresin Nigeria that

one third of the energy used is generated via electritiignce to achieve a
sustainable centethere is a need to reduce energy use thereby reducing energy
emissiongcarbon foot prinend energyosts which in turn may result in financial cost
saving to consumers if the energy savings offset any additional cost of implementing

an energy efficient technologys such,sustainable desigstrategies are taken to



ensure that energy efficiency in conferegeatress maximizedin order to create a
comfortable environment where meetings, seminars, conferences and exhibitions can

take placeonveniently.

13  Justification of Study

With global warming becoming a majdhreat to our ecosystem, architects are
encouraged to design sustainable buildings in order to reduce the extensive energy
consumption by the building industries. The high energy demand required in
conference centres has not been met due to epileptierpawpply in the country;
therefore, there is a need to carry out a study on how to improve the energy efficiency
of conference facilities without depending totally on electricdiky.energy efficiency

has proved to be a cost effective strategy for bugldinonomics without necessarily
increasing energy consumption, the introduction of passive energy sources especially
in a country with poor electrical and water supply gives an added advantage to the
running process of the facility while creating an awassnof energy efficiency in all

types of buildings.

Thepr oject 6s dealings with the evaluation
implement the policy on design of sustainable buildings for the purpose of preventing

further environmental degratian.

1.4  Aim and Objectives
The aim of this study is to explore the concept of sustainable design strategies in an
attempt to achievenergyefficiency in conference centres.
The objectives include;
. To conduct a review on sustainable design strategies those related to

energy efficiency.
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1.6

To examine and study energy efficiency factors and their application in
conference centres.

To determine to what extent these strategies have been applied in existing
conference centres

To demonstrate the use siistainable design strategies for the achievement of

energy efficiency in conference center design.

Research Questions

Whatare the sustainable design strategies related to energy efficiency?
What sustainable design strategies can be applied in confecamteesto
maximize its energy efficiency?

To what extent havsustainable desigstrategies been applied in the design of
existing conferenceentresn Nigeria?

In what way can sustainable desigtnategies be applied in the design of a

conference centre?

Scope of Study

This researchends to study related issues/literatures concerning existing conference

centresin the hot humid regions dfligeria, this is essential in order to achieve the

standards provided and possible additions to improve the existing Infesation

will also be gathered through field work carried out in related buildiwtisemphasis

on the relationship between sais@bility, alternative sustainable design strategies and

energy efficiencystrategiesn conferenceentres.



2.0 LITERATURE REVIEW

2.1  Sustainable Design
Sustainable design has emerged as a guiding paradigm in the creation of a new kind
ofbuitenvi ronment : one that fAmeets the need:
the ability of future generations to mee
Environment and Development, 198 According to lwaroand Mwasha(2013),
sustainable design is a d@s approach put in place to promote the building indoor
and outdoorenvironment by reducing negative impacts on building and the natural
environment. Sustainable design according to Eubanks (2007) means integrating
architecture with electrical, structurahd mechanical systems, taking advantage,
whenever possible, of other renewable energy sources such as photovoltaic, wind,
geothermal, etc. The use of native building materials, ensfgyent appliances, as
well as reusing and recycling materials (udihg the building at the end of its
planned life) are all facets of sustainable building design principles.
Sustainable design involves buildings that need fewer resources and materials to
build, occupy and maintain, and are more comfortabt teealthy ¢ live and work
in. They result in durable, attractive buildings, reduced operation and maintenance
costs, improved comfort and convenience and low environment impact.
Built form has asignificant impact on the greater environmantl that most current
common developmenmdractices are not environmentally sustainablthenlong term.
For ths purposesPalich et al (2011) defines sustainable design as an apprdach
building procurement and other urbdavelopment which works towards achieving
zero net avironmental impactThis includes but not limited to the following:

1. Eliminating the use of nerenewableesources.

2. Eliminating air, soil and water pollution.



3. Creating healthy and accessible indoor arithn environments.
4. Protecting and enhancing natueabsystemsand cycles.
5. Supporting the couosefdmresireenn of Owasted i
6. Creating a built environment that is resiliefi¢xible and adaptive to climate
change.
7. Supportingdecentralizeelectricity andvater systems.
8. Supporting a move towardsnderstandinga n d i mpl ementing
devel opment o
9. Supporing sustainable modes of tra€lalichet al, 2011)
The goalof sustainable desigior the built environmenis to integrate local ecology
into design and construction, to reduce natuesmource impacts, minimize non
renewable energy consumption, use environmentally preferable products, protect and
conserve water resources, enhance indoor environmental air quality, and improve

operation and maintenance practices (U.S. protection Auth2af0).

2.1.1 Basicprinciples and strategies of sustainable design

Hui (2002) stated that sustainable design principles involves understanding place,
connecting with nature, understanding natural processes, understanding
environmental impacts, embracing-ceative design processes and understanding
people.Similarly, Guyer(2009) opined that sustainable design principles involves
optimization of site potentigbptimizing energy useprotection and conservation of
water, selection and use of environmentally preferable progwatbancement of
indoor environmental qualifyand optimization of operations and maintenance
practices Sustainable design is a discipline in which in addition to the environment,

strives to at least acknowledge the social and economic ramifications of a project



(Nicholson, 2005)Hence, he principlesof sustainable design can be summarized as
follows;
1. To mitigate against diminution of natural resources such aggneater, and
raw materials;
2. To prevent environmental degradation caused by building psofeodbughout
their life cycle;
3. To construct buildingghat islivable, healthy, secure, and positiveisable
(Samuel, 2011).
Sustainable design should be achieved at three levels; ecological, economic, social
and cultural leveldclaus@ et d, 2003). These three levels of sustainabilitye

interwoven in order to maximize human well being and cona®deen in figur2.l.

Environmental Sustainability
Ecosystem integrity
Carrying capacity

Biodiversity Social Sustainability
Cultural Identity
Empowerment
Accessibility
Stability
Equity
Economic
Sustainability
Growth
Development
Productivity — Human Well Being

Trickle-down

Figure 2.1: The three levels of sustainability.
Source:Hui (2002)

The ecological sustainability mainly aims to preserve resources, including energy and
materials and protect the ecosystem from existing and possible future problems. The
economic sustainability may be achieved by a better exploitation of resources and a

decrease of the overall cost that may be achieved by minimizing the energy cost, the
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cost of operation and maintenance as well as the cost of a possible rehabilitation of
buildings. Finally, sustainability at the social and cultural level aims mainly tadarov
shelter to human beings, optimize comfort and health for the building occupants and
builders, discourage social exclusion, as well as to protect and preserve the social and
economic values including measures aiming to protect the existing buildirkg ttec
local networks s well as the local knowledge l@isen et al, 2003However the
6triple bottom | i n-erileda@rdd asuwrent samificaatofacuds iist y
being placed on the energy and environmental performance of buildings, witicspec
key goals involving the reduction of associated carbon emissions and energy costs
( Griersonand Moultrie 2011).
Sustainable building design makes use of the best commercially available materials
and technology to minimize consumption of energy ueses and maximize use of
non-exhaustive and netoxic materials. In this manner they achieve a level of human
comfort and usability that conventional buildings may not (Samuel, 20blassist
in making appropriate sustainable design decisions, the following design strategies
and actions are recommended;
1. Resources should be used only at the speedhiah they naturally regenerate
and discardednly at the speed at which local ecosystearsabsorb them.
2. Site planning should incorporate resournaturally available on the site such
as solar anavind energy, natural shading and drainage.
3. Resource efficient materials should be usedhia construction of buildings
and in furnishingso lesen local and global impact.
4. Energy and material waste shouldrbmimizedthroughout the building's life

cycle throughreuse.



5. The building shell should be designed for enegfficiency considering
factors such aslay lighting passive ventilation, buildg envelope, internal
load, local climate, etc.

6. Material and design strategies should prodexeellent indoor environmental
quality

7. The design shoulthaximizeoccupant health angroductivity.

8. Operation and maintenance systems shaugport waste reduon and
recycling.

9. Water should be managed as a limited resource.

10.Location and systems shoutiptimize employeecommuting and customer
transportation options anchinimize the use of singl®ccupancy vehicles.
These include using alternative work modes sashteécommuting and
teleconferencingSubramanian, 2007

The above design considerations show that there sHmeil@ffective interaction
among all the persons involvad a project (client, architect structural engineer,
electrical and mechanicahgineer, landscape architeatd others) at all the stages of

the project.

2.1.2 Sustainablduilding design and energy

The energy associated with buildings includes the operational energy and the
construction energy. The construction energy, known asethbodied energy, is
energy required to transport the material to site, maintain it and finally dispose of it.
The operational energy is the energy used to heat, cool, ventilate and light the
building, provide hot water, and run appliances and equipmidrg. operational

energy varies depending on building location, clenahd season, and the building

use (Sassi, 2006 limateand seassdhave t he biggest i mpact



requirements for heating and cooling, but all factors have to be consiBedning
buildings to minimize energy needs means adopting measures that primarily affect the
building envelope and the spatial design. These are passive measures that include:
orientating the building in relation to the sun, the wind and the site ¢bas#cs;
insulating the building and providing heat storage according to climatic needs;
integrating systems to passively cool and ventilate the building; and providing
appropriate natural light to minimize the need for electrical ligh{fdgssi, 2006)
Buildings gain heat from internal incidental sources, such as people and equipment;
external sources, such as the sun; and auxiliary sources, such as heating and
ventilation systems. To minimize the need for auxiliary heatingooling requiring
energy,buildings have to be degied to harness solar radiatiand tokeep outheat

from the building.

22  Energy Efficiency

Energy is fundamental to all human activitiéyigue et al 2007).Efficient energy

which is simply known asnergyefficiencyis using less energy to provide the same
level of energy service. i$ any action that reduces energy use per unit output without
affecting the level of service provided. For exampiesulating a homeallows a
building to use less heating and cooling energy to achieve and maintain a comfortable
temperature. Another example would be installingrescent lightsand/orskylights
instead of incandescent lights to attain the same level of illuminaiompact
fluorescent lightause twethirds less energy and may last 6 to 10 times longer than
incandescent light bulbsEnergy efficient buildings industrial processes and
transportatiorcould reduce the world's energy needs in 2050y third, and help
control global emissions ofjfreenhouse gaseaccording to thénternational Energy

Agency.
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Basically Energy efficiency covers the efficiency of power generation, transmission
and distribution b electricity as well as various end uses of energy. It has been
identified as onef the criterionto ensure sustainability of energy suppine key
emphasis is to encourage thse of new and alternative energy sourasswell as
efficient utilization ¢ energy(Ching Sin et B 2011) The author also opindbat
energy efficiency is an important means towards the development of sustainable
energy and reducing the impact of the energy sector on the environment.

The energy consumption of buildings canreduced in three different ways: reducing

t he demand for ener gy services, I ncreas
integrating renewable sources of energy in the building system to reduce the use of
fossil fuels for heating, cooling, ventilation, lighy or electricity (Schwarz,2009)
Actions can be targeted at improving thélding design and constructiavhich will
improve the overall sustainable performance of the facility. Examples include
improved access to daylight and views, improved indaoog@ality, and improved
occupant comfort.The building design includes choice of location, orientation,
structure, and layout as well as choice of buildmgterials and equipmenthich

largely determines thenergy consumption required during the buididoperation.

Large savings can be achievied optimizing the entire building system rath#ran
improving elements individually. This caonly be done at the beginning of the

b ui | dife mrgdarsig major renovations. The rest of theergy consumptiors

linked to the building usehrough the performance of equipment usethebuilding

(for example,boilers, A/C units, lightingelectrical appliancesand thebehaviorof

the people who use it (choice of temperattuming off unused lights and plances,
etc).However, buil dings can be designed to

visual comfort at reducednergylevels & resources consumption. Energy resource
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efficiency in new constructions can b#ectedby adopting an integrated approdoh
building design. The goal of energy efficient building is to use resources more
efficiently and reduce a building's negative impact on the environment (US

Environmental Protection Agenc008. It denefits include;

1. Reduced cost
2. Enhancing comfortondition within buildings thereby improving health and
productivity
3. Curbing environmental pollution
4. Improved building design and operation
5. Life-cycle cost savings
6. Added market value of buildings
7. Reduced carboedioxide emissions and consumption of finibsgil fuels
8. Reduced capital cost by better integration of building fabric and systems
9. Reducing demand on ngenewable fuels
10.Energy buildings achieve one key grdmrlding goal of completely or very
significantly reducing energy use agreenhouse gasmissims for the life of
the building (Hui2007)
2.2.1 Factorghat affectenergy efficiency in buildings
Factors that affect energy efficiency in buildingglude; day lighting natural
ventilation, building envelope, internal loaslte and external space, orientation and
planning, building shape and form, wall shadiag, well aslocal climateamongst
others(Subramanian, 2007
A. Daylightin buildings
Natural daylighting is the controlled entry of natural light into a building through

windows, skylights, atria, and other building envelope compong¢8tgindon
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Sustainable Building Design and Construction Supplementary Planning Document,
2007) Daylight nd only replaces artificial lighting, reducing lighting energy use, but
also influences both heatingnd cooling loadslt starts with the selection of a
building site and continues as long as the building is occupiednandez, 2011)

Day lighting requires the correct placement of openings in the building eevelop
allow light penetration while providing adequate distribution and diffusion of the
light, well-designedday lighting delivers more useful light with less heat gain than
even the most efficient fluorescent lights, resulting in reduced electrical requirements
for cooling (Eubanks, 2007Ray lightingis one sustainable building strategy that can
help achievdow energy bills, high quality indoor environment and low consioacti
costs(Nicklas, 2008) Similarly, optimal use of natural daylight in buildings makes
significant contributions to energy efficiency (Kwakd Grondzik,2007). Awell
designed light shelf or lowered ceiling from a window will add to the physical and
visual comfort of a space and reduce the use of electric lighting thereby enhancing

energy efficiencyNicklas, 2008) This isshown in kgures2.2 and2.3 respectively.

¥

Drop ceiling

A

Figure 2.2: Sloping the ceiling downward from the head of the window
Source: Nicklas (2008).
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Out In

Figure 2.3: light shelf with blinds between the glasses
Source:Nicklas(2008).

The selection of glazing for warm humid climates shall be based on its capacity to
block heat gain from the sun and reduce infiltration. The main energy paraofeders
window are its insulation value, transparency to solar radiation, SHGC (solar heat
gain coefficien}, visible light transmittance (VTand air tightness as illustrated in

Figure24.

U-Factor = 0.25

\ SHGC =0.39

39% of solar heat
gain transmitted

Ny

~

VT =0.70
70% of visible
light transmitted

Figure 2.4: window performance parameter
Source: Zhivov et al (2010).
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TheUf act or expresses a windowds insulatior
there is a difference between inside and outside temperature. Fhetod is
measured in Btu/ksq ft°F (W/sq m°C). The lower the Wactor, the greater a
window's resistance to heat flow.

A windowbés transparency to the heat carr
solar heat gain coefficient (SHGC). The SHGC is the fraction of solar heat admitted

by the window on a range of O to 1.

A windowds transparency to visible |ight
on arange of 0 to 1.

The airleakage (AL) rating of a window indicates its air tightness. It expresses the
rate of aifleakage around a window at a specific pressifference in units of cubic

feet per minute per square foot of frame area (cfm/sq ft) or cubic meters per minute
per square meter of frame area.(cmm/sg m).

B. Natural ventilation

Natural ventilation, also called passive ventilation, uses natural outside air movement

to both passively cool and ventilate a building. Natural ventilation is important
because it can provide and move fresh air without flataximizing the amount of

spaceto be naturally ventilated is another stratégwards reducing energy demand

since natural ventilation requires little energy use as compared-toraitioning.

(Green Building Platinium Series, 2016pr warm and hot climates, it can help meet

a buiding's cooling loads without using mechanical air conditioning systems. This
can be a large fraction of a building's total energy use. Successful natural ventilation

is determined by having high thermal comfort and adequate fresh air for the ventilated
spaes, while having little or no energy use for active HVAC cooling and ventilation.

Enhancing natural ventilation within the built environment aids in:
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4.

5.

Removing heat buildip from dense urban areas.

Reducing energy consumption especially from mechanicailagon means.
Improving human comfort within occupied spaces.

Increasing controllability of thermal comfort controls.

Improving indoor air qualityGreen Building Platinium Series, 2010).

Natural ventilation is also the most enesgjficient way of suplying essential fresh

air to a building(Sassj 2006). The most common methods of natural ventilation are

singlesidedventilation, crosslow ventilation and stack ventilation (Bahrard08)

The single sided ventilation has opening only on one side of the wall through which

outdoor air enters the building and leaves through the same opening or another

opening on the same wall as shown in figdr® This methodis inexpensive and

suitable formoderate climates and small internal spaPesibleopening can be used

to enhance the efficiency of this type of ventilati®eefigure 2.6.

e

Figure 2.5: Single sided ventilation (One opening)
Source:Dyer Environmental Control2008
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Figure 2.6: Single sided ventilation (Double opening)
Source:Dyer Environmental Control2008
Cross flow ventilationprovides more airflow rates and thus is effective in larger
internal spaceas shown in Figur@.7. In this kind of ventilation, cool fresh air enters
into the building from openings on a wall while warm and foul air moves out of the

building fromopenings on the opposite walls.

KU T W M W W

RO

Figure 2.7: Cross flow ventilation
Source:Dyer Environmental Control2008

Stack ventilation is anethod where by hot aivhich naturally flows upward is vented

through highlevel openings and replaced by fresh air entering from lower openings.
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Figure 2.8 shows an advancement of this method, which includes the integration of

both stack and cross ventilation using a double fagade.

Figure 2.8: Combination of cross and stack ventilation
Source:Dyer Environmental Control2008

The red and blue arrowspresent outflow and inflow of air respectively.

C. Thebuilding envelope

The building envelope also known as the
interior walls, windows, doors and floor of a structure; it serves as a barrier that
separates thaterior of the building from the outdoor environment. This envelope
controls heat gain and heat loss from the buildBgy def i ni ti on, t he
purpose is to provide protection from external elements, which, in building
construction, meangrotection from moisture, air, and temperature ingress and egress
(Howell, 2008).Concerns for sustainability demand that we consider the fundamental
requirements of buildings and -examine our current approaches to building
envelopes and environmentapaeation (Kesik, 2002). The design of the envelope of

a building is a major task of the architect and involves a number of considerations
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including strength and stability, control of air flow, rain water, fire, aesthetics and

cost, with some opposing otlsein their requirements. For control of heat flow

through the building envelope, thermal properties of the amadl its components is

considered through the use of glassulation materials;zhoice of colouland surface

texture and natural ventilatiorkigure 2.9 shows the connection between the building

envelope and sustainability.
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Figure 2.9: The connection between the building envelope and sustainability.
Source:Iwaro and Mwasha (2013)

The envelope must balance the requirement for ventilation and daylight while

providing thermal and moisture protection appropriate to the climatic condition of the

site. Envelope design is a major factor in determining the amount of energy a building

19



will use in its operation. It is the integrated design of building form and material as a
total system to achieve optimum comfort and energy savings. Good envelope design
respond to climate and site conditions to optimize the thermal performance. It can
lower qoerating cost, improve comfort and lifestyle and minimize environmental
impact (Binggeli, 2003).

D. Site andexternal spaces

Sunshine on the grounds surrounding a building is often ignored when considering
heat flow into buildings. Thus, there is the né@a@ssist in the cooling of streetscapes
and buildings by a reduction in the paved areas and an increase of grassed areas and
of trees(Hernandez, 2011this is illustratedn figure 2.10.Plantingandinterwoven

tiles between thefacilities of buildingscan be used to reduce the ambient air
temperaturef that buildingand also external landscaping and excessive greening can

help mitigate urban heat islaf@reen building platinum series, 2010)

Figure 2.10: Walkpath and grassed areas
Source: PassiveDesign Toolkit- Best Practices (2008)

It is also important to note that landscaping and wall shading of the immediate
environment of the building can help to cool its surrounding, therefore with proper

landscaping and wall shading, heat flow into theding will be reduced and in turn
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the need for cooling through mechanical systems will also be reduced thereby

reducing demand on energy uSee figure 2.1

SUMMER
SUN

Shade on wall
lowers cooling load

WINTER
SUN

Deciduous trees
allow sun to warm
buildings in winter

Figure 2.11:Landscape strategies for passive solar heating and day lighting control
Source:Passive Design ToolkitBest Practices2009

E. Orientation andplanning

Orientation and planning for reducing solar entry into buildings is dependent on the
location (that is, the latitude) of the sithe main objective in deciding upon a given
oriertation in hot climatic regions is to minimize the impact of the sun on the building
(Hernandez, 2011With good orientation, the need for cooling is reduced resulting in
lower energy bills and reduced green house emission (Reardon, 2008). Buildings
should be made to maximize the siteds
orientation for functionahkreas as illustrated in figu212. In hot humid climates,
orientation should aim to exclude the sun all year round and maximize exposure to
cooling breezeBuilding orientation related to the sun and prevailing winds will have

a significant impact on threquired heating and cooling systems and thus the overall

energy efficiency of the projeepartmendf Veterans Affairs2007)
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Figure 2.12.Good orientation
Source:Reardon(2008

F. Building shape and form

Building shape and form are also badeterminants of the energy required to cool a
buil di ng. For exampl e, a compact buil din
envelope through which solar heat may be gaifiddrnandez, 2011)Research
elsewhere has shown that for-eanditioned building, considering the relationship

of external surface area, volume, and floor area of buildings in the design can result in
energy efficiency. Additionally, the size of the building is also related to building
shape/form as a factor in energynserving. Calulations for energy conservation in
buildings can even determine the number of storeys that would be the optimum for
energy efficiency, for a given total floor area.

G. Wall shading

Shading of a building refers not only to shading of its windows, buhd&owalls
themselves. The shading of walls will do much to reduce the total heat that enters the
building and therefore drastically reduce the amount of heat to be later emitted into

the building as shown in figure 2.1&anopies, louvres, awnings, andesril sun
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shading devices are examples of shading elements that can be used to great effect in
building. It is important to note that al shadings are only necessary under extreme
conditions(Hernandez, 2011)

Shadingof windows can be achieved in twavays which are external and internal
shading. External shading devices intercept, absorb and/or reflect solar radiation
before it reaches the exterior surface of the building enveltyle, internal shading

blocks solar radiation from penetrating into timerior space; however the solar

energy is still transmitted through the window assembly (LaB@i@9).
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Figure 2.13: Effect of externalleft) and internal(rightshading
Source:Passive Design ToolkitBest Practices (2@)

H. Local climate
Climateis a reoccurring pattern of generalities and averdgdgelate to temperature,
humidity, precipitation, and air movement. It can be defined as how hot or cold it is in
a certain place over a long period of timeisispecific to conditions driven bylgar
and lunar cycles in concenith water, soils, and geologits location is affected by
its latitude, terrain, altitude, ice or snow cover, as well as nearby water bodies and
their currents.Within any climate, there are times whéaman comfort carbe
achieved without mechanical intervention and timveen it cannofWilliams, 2007).

It is the consideration of the climate that prescribes the form, shape and placement of

23



a building within a siteln hot and humid climates, cooling loads can be redbged
addressing the building envelope, including window coatings and shading and by
employing energiefficient lighting (which produces less waste heat). In many cases,
low-technology options, such as incorporating traditional design features or painting
flat rooftops white to increase their reflectivity; can produce substantial reductions in

cooling loadgIAC Report, 2009)

2.2.2 Energyflow and consumption in conference centres

The present energy souriceNigeriais hydro electricity through the use @dmsand
nuclearenergy through the use oiiclear power plantsspecially in more developed
countriesas seen in figur&.14 This energy is distributed to various buildings
through the central powerid consisting of a series of high and low tensionessb
transformers andistribution boxes to the applian¢&hmed, 2012)Electricity flows

from the extraction and treatment of natural gas down to the satisfaction of human

needs.

— Energy system

Energy sector

| Extraction and treatment | Matural gas well

Natural g

| Conversion technologies | Power plant, cogeneraticn plant

| Distribution technologies I Electricity grid

Electricity

i

| End-use technologies 1 | Electric motors
v
Useful energy Motive power
| End-use technologies 2 | Garments processing
J; Energy services

Energy services Garments

Y
|Sat'|5facrion of human needs'

Figure 2.14: Energy flow
Source: IAC Report(2009.
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Energy consumption is beyond just electricity used in the building for its operation
but also branches into net area of material used for the construction of that building.
The two most importantvays in whichcommercial buildingsconsume energyas
illustrated in Figure.15, are air conditioning (HVAC) systems, which account46r
percent of total building primary energy use; and lightiwhich accounts foB83
percentof total building primary energy useThe sophistication of the electrical
appliances in a building depends on the scale of the operation carried out in the

building as well as the size of thailding itself.

T B Air conditioning
ARmmam 46%
” iii; gL Inside lighting
| 32%
O Other equipment
21%
0O Outside lighting
1%

Figure 2.15 Shares of primary energy use in commercial buildings.
Source: Sosa (2007)

The results for large commercial buildings in many other countries are similar to
those forthe United States, although no such statistical breakdown is available for
other IEA member nations or for the developing woffdhe t er m O c o mme
bui |l di mrg @ dwidec range of structures, including government buildings,
commercial office buildings, schools, hospitals, houses of worship, shops,
warehouses, restaurants, and entertainment venues. Large-sméargyopportunities

exist in the commercidbuilding sector.
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2.2.3 Architecturaldesign requirement for energy efficiency in conference centres

The most energy efficient and environmentally friendly buildings must be functional,

durable and aesthetically pleasing (Grierson, 2011). Henohjtextural design

requirementsvailable to designers and building owners for eneffjgient building

designare summarizedunder the following siting and planning; concept design;

resource$ material selection, energy and water.

A. Siting andplanning

This has to do with developing an understanding of the opportunities and constraints

of the site and utilizing the knowledge to appropriately plan at the macro level

involves evaluating thesite and local ecosystems to ensdhat buildings ee

positioned toallow for optimum passive design opportunities congndeprevailing

winds,solar access, water supply, and others

B. Conceptdesign

This has to do with employing a well considered knowledge about environmentally

responsive design to appropriately plan and deggmaximize building and siting

orientation for appropriate solar access and ventilation through all seasons and for

specificclimate and locatioareaat the micro level.

C. Resources: Materigbelection

This considers issues regarding the life cycle of materials in order to ensure most

appropriate and least damaging selection and design.

D. Resources: Energy

This ensures thdahe detail design, selection of appliances and energy sources results

in a reduction in the buildingbs operatio
1. Encourage reduction of power consumption through desigselegting high

efficiency lights and sensor sgsts.
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E.

. Operationand highefficiency equipment especialljor heating andcooling

throughout

. Select energy efficient appliances and operating systems.

. Employ smart building management systems to minimize energy

requirements.

. Encourage inclusion of appropiearenewable energy forms:
. Encourage use of alternative and low impact power sources.

. Encourage use of gas in preference to electricity.

ResourcesWaterand others

This involves understanding and acknowledging the opportunities to sustainably

harvestuse, reuse or recycle osite resources during the life of the building.

ARCHITECTURAL REQUIRMENT » Siting and planning

Site and external spaces
Building orientation

Local climate

Concept design

Day lighting

Natural ventilation
Building shape and form
Wall and window shading
Resources

Material selection

ENERGY EFFICIENCY REQUIREMEN Existing energy source

Figure 2.16: Conceptual frame work of energy ieféncy and architectural

requirement.
Source:Author (2014)
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2.24 Challengesn achieving energy efficiency in conference centres
The steps towards achieving a sustainable conference centre has to consider the
climate of the site, different climatmones have different design considerations with
respect to the climateHence a conference centre design should have features to
reduce solar heat gain, increase natural lighting and ventilation and materials of high
energy performancshould be usedAccading to Agboola (2011), the selection of
material for construction is very vital in Rbumid climatic region of Nigeriahis has
to consider;
1. Thermal conductivity: this is the ability of materials to conduct heat.
2. Thermal stability: the ability of mateds to retain its basic physical and
mechanical properties and inner structure when heated.
3. Thermal resistance: this is the ability of material to resist heat flow.
4. Heat capacity: this is the ability of material to absorb heat when its
temperature is regsl.
5. Surface coefficient: this determines the rate of heat exchange between the
surface and the surrounding air.
6. Surface characteristics: this determines reflectivity, absorptive and emissive
of a material, for example, colour, texture, bé&nce in choosg materials for

this region, their thermal properties has tmbligh performance

2.3  Conference Centres

A conference center is a specialized facility usually in a less busy but accessible
location designed and built almost exclusively to host confeserexhibitions, large
meetings, semars, training sessions, etchdy often make provisions for office

facilities and a range of leisure activities (Doyle, 2011). Similarly, Steve (2006)
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opined that conference center is a comprehensive facility deditatéatilitating
business meetings, planning sessions, day retreats, luncheons, and receptions.
According to Harris (2006), convention centres (American) aieconditioned
multipurpose facilities generally used for meetings, conventions, and the da$play
merchandise by a wide variety of industrial groups, professional groups, and trade
organizations. The size of the facility ranges from small to very large, sometimes over
more than 2 million square feet (approximately 18 hectares). The interior must be
flexible so that it can be divided into various sized spaces. Regardless of size, a
conference center requires meeting spaces, movable partitions to subdivide these
spaces, sanitary facilities, loading docks, adequate heating, cooling, electrical and
communications equipment, and trained maintenance staff.

Lockwood (2012) stated that conference centres are often located in urban centres
they incorporate functional outdoor spaces to provide visitors a space for more
intimate socializing and an opportunity toreak away from the conference
momentarily to enjoy a more direct physical and visual connection to nature. An
outdoor meeting space or functional plaza can provide another unique outdoor
experience that attracts conference or exhibition attendees aridgsrehem with a
welcome break from the indoor exhibition space. As conference center space becomes
more multiuse, these outdoor spaces also provide a selling point for conference
center executives looking to rent space for private parties or corpweatts.emaking

them a viable alternative to other event spaces in a city.

2.3.1 Typesof conference centres

Conference centres are of different types. They can be classified based on their
function, capacities, facilities and sizes. Skelton (2010) cladsdonference centres

based on their functionality and facilitiefhese centres are; executive conference
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centres, corporate conference centres, Resort conference centres, University
conference centres and Not-profit conference centres.

Executive cordrence centres, are developed primarily to satisfy the requirements of
specialized executive level meetings and are staffed with conference center
coordinators;

Corporateconference centres are designedabgorporation primarily for iFhouse
use,they are typically available on a limited basts outside users. The size of the
facility varies depending on companies' needs and emphasis is primarily to satisfy the
compani esd0/ owner so6 taswallasimeynal aamchunicagom e | o p m
needs.

Resort onference centres accommodate events that are similar to those held at either
executive or corporate centres but emphasis is more toward incentive, recreation, and
socially-oriented objectives.

University conference centres which are developed by andiatsb with a major
educational institutionThe facilities are typically managdxy university personnel.
Not-for-profit conference centres are those owned rblgious or educational
organization, association or foundation, research centampadrate humanitarian or

art group.

Some similar characteristics of these various conference centres include adaptability
and sustainability of meeting spaces provid¢€dpyle, 2011). They devote at least

70% of meeting space to conferences and generate aGgsrcent of occupied

room nights for conferences. They have flexible column free spaces used for variety
of exhibition, trade, conferences, meeting events and sometimes sporting events, they
may also include a variety of configurations and meeting optsuth as breasut

space, auditorium, theat,2&8). sport arenas
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2.3.2 Conferenceente facilities

Conference centres have a wide range of facilities based on their types and functions.
Typically, they should provide lobby, guesibms, meeting rooms, auditorium, foyer

and gallery, seminar rooms and conference services. It should also provide Leisure
facilities such as swimming pools, bars, and restaurants; dining facilities and parking
facilities are also regarded as the esseatehents for a successful conference center
design.For a succssful conference facility, ishould be furnished with ergonomic
chairs, tables, appropriate lighting and acoustics, etc. Guest rooms should have desks,
wireless highspeed internet access, aagpropriate lighting and seatingdlenting

2006).

Auditorium should haveiered seats; excellent acousties; conditioned with black

out facilities; stateof-the-art audio visual equipment; wheelchair access and induction
loop hearing system.

Foyer ad Galleriesshould be &stuning, interesting and versatile space containing
display and exhibition facilities with reception desk and closed circuit televisions to
monitor event proceedings.

Seminar rooms can be in form of theatre style which can be opened up to create a
larger facility accommodating larger number of people. They should have provision
for LCD projector, white boards, 35mm and overhead projector.

Meeting rooms should make pisons for Plasma screens, traditional hanging
screens, and overhead projectors.

Ample free car parking spaces shouldaailable within easy reach of all conference
centre facilities.

For the purpose of this research, a resoriference centre is cadsred. his is

because it provides and accommodates facilities for variety of activities and events.
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2.33 Currenttrends in conference center design

Most conference centresespond to a fairly typical set of requirements and
constraints: | ocation within or I n proxi
adaptability to varying functions, sophisticated technologies, and a variety of
amenities Jhaveri, 2010)Similarly, some other trends include sense of environment;
new form and new function; small is the new big; package appeal; and green (PCMA,
2007). However some new developments influencing decisions and design solutions
for conference centres are discussed below.

A Sense oénvironment

Conference centres are incorporating local features and culture; they have a reputation
of being big boxesHowever that aspect is fast becoming a myth. For example the
Palm Springs Convention Cent&alifonia, hasnative Americanand deserinspired
architectur al det ai | s. During its -2005
oriented to face the surrounding mountains (PCMA, 208&gthetics are important

to attendees (Lenhart, 2007). Hence, Conference centres are payirigpratten
interior and exterior architecture that reflects the culture of the community and the
natural environment they are surrounded by.

B. Adaptivereuse

This is one of the unsung heroes of sustainability on a grand scale. As compared with
new constructn, it is faster to market, has a lower cost, and revitalizes the urban
fabric while preserving important aspects of local architectural character. Adaptive
reuse also creates unique opportunities for creative design solutions. It is often an
attractive ofion, especially given the availability of urban retail properties, with their

higher overall ceiling heights and proximity to hotels and restaurants.
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C. Technology
Technology as a trend warrants its own section. Meetings today are driving the
demand for onference centres to have higgth equipment and services to meet the
needs of groups. Technological amenities are no longer an exception, but rather the
rule. Current technology for conference centres includes:

1. High-speed Internet access

2. Video teleconfezncing capability

3. Communication infrastructure capable of moving voice, video and data

4. 24-hour technical support staff

5. Plasma screens

6. Digital electronic signage (PCMA, 2007)
Organizations adopt more timely, inclusive, and geographically unfettered ways to
reach their constituencies and the public due to these changes in technology and its
uses. As a consequence, conference centre design now must take into aceount on
screen effects and different acoustic requirements, because broadcast capabilities are
critical for the users They should incorporate lighting, acoustics, backdrops, and
furniture specifically suited to a broadcasady set.
D. Package appeal
Conference centres which are purpbsét space for meetings make their money on
meeting space. Anth most cases that is all they contioltheir meeting space.
However, conference center staff recognizes the importance of destination appeal,
hotel pricing, attached hotels, hotel proximity to convention/conference center and
shopping facilities and remirants in the area. This has led convention/conference
centres to focus on creating a more appealing meeting and trade show environment

through attention to loading efficiency, building access, traffic separation, better

33



sound and lighting systems and lfsérvice business centres. For example, the
Georgia International Convention Center (GICC) has installed ateayhproject that
will allow convention/conferenegoers to fly into the airport, disembark their plane
and arrive at the GICC without ever gag into a taxi, bus or shuttle.
E. Branding andoprivacy
Branding and privacy are critical to enabling conference centre owners to make their
facilities available to outside organizations, this has added to the functionality of the
centres. To make thabjective viable, the conference centres must meet two criteria:
visual independencea clear, compelling, distinct image; and physical independence
- ability to separate public and private space to ensure privacy and security. In
difficult economic timesthis new wave of conference centres has great potential for
organizations and architects alike.
F. Energyefficiency
Energy efficiency is especially critical for conference centriéls their typically large
volumes of space and great variation in numbers of occupants. This has made the
focus on sustainability in the design, construction, and operation of the buildings and
facilities grow more intenseEnergy efficiency in confereeccentres is evaluated
from three aspects
I.  Energy for Environmental Control in the work spacais;conditioning and
ventilation ,
ii. lighting and
iii.  Energy for other building equipment like computers, public address systems,
and others.
These three calls f@eparate strategies. For the purpose of this research, the first two

being greater consumer of energy, require more attention
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Cooling Energyif the architectural solution of a building has disregarded the climatic
aspect as fundamental criteria of d@sithe thermal quality of the spaces is affected.
The most expeditious solution to this problem, whichc@nsidered later on,
constitutes the installation of higtapacity air conditioning systems. An important
criterion toconsider is the energy consutop required for the aiconditioning
system This isbecause it represents increasemergy use and economical costs of
the buildingthroughoultts lifecycle. The indicators proposed to evaluatestna&tegies
are: Percentage reduction of sdl@at gan and percentage reduction of cooling load.
(Sosa, 2007)

Lighting Energy:The architectural response shoulddeelicated to taking advantage
of the potential of naturdighting to illuminate the interior spaces and to diminish
thenecessity to illuminatéy means of electric lighting. F@ach kW saved in the
electric lighting system there isd@crease by approximately 0.28 tons of refrigeration
in thecapacity of the air conditioning system. The propaeddtators are: Solar Heat
Gain Coefficient (SGHTand VisibleLight Transmission Coefficient (VLTC) (Ibid).

Figure 2.17 shows a schematic representation on the energy efficiency indicators

% reduction o
solar heat gai
%reduction o
cooling load
Energy
e  SHGC/VLT

Figure 2.17:Energy efficiency indicators
Source: Sosa (2007)

proposed to evaluate in the building envelope.
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To maxi mi ze energy efficiency I n t he

C (

ventilationdé can be adopted as demonstr a

This was achieved by installing a system of CO2 monitors that determines the need
for air change®n conference floors. Whereas, without the sensors, the system would
be conservative, demanding a higher level of ventilation at all times, this approach
allows greater levels of ventilation when the space is fully occupied and code
minimums when it is no Monthly monitoring and analysis of the electrical load data
and comparison of the actual operations with the design intent will reveal further
opportunities for efficiencyJhaveri et al, 2010).

Ot her significant cont r iaviogs and sustainability h e
include a new, higiperformance glass curtain wall; modifications to the existing
exterior skin assembly for infiltration and vapor control; a continuous dimming
system for all light fixtures within 15 ft. of the building perimetend green power
offsets(Ibid).

2.3.4 Spatial organization of conference centre designs

This has to do with the general planning of the site and facilities in such a way that the
activity relationship are well eordinatedto create a harmonious grouping and ease
of circulation.In a conference centre, there are a wide range of activities taking place.
Hence it is important to have a good circulation pattern to ease movement within the
facility and avoidowdiness

A. The Geenville Conference Center

The Greenville Conference Center is built around a 36sg@@refoot exhibit hall

with 28-foot ceilings. The space can be subdivided into five individual sections. The

facility can accommodat e ¢quéstk bahquéttdel @6 e x hi

3,000 guests theatstyle.
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Figure 2.18:Spatial arrangement of greenville conference centre
B. New Bern Riverfront CdarenceCenter
The 45,006squarefoot New Bern Riverfront Convention Center is built around a
12,000squarefoot Grand Ballroom that can be subdivided into three separate spaces
of 6,000, 3,500 and 2,500 square feet. The facility also features:ntieeténg rooms
ranging from 930 to 2,030 square feet; a-4§0arefoot executive board room; 8,000
square feet of prunction/exhibit space, and; a 3,74Quarefoot veranda verlooking

the Trent River.

Figure 2.19:Spatial arrangement dfew Bern Riverfront Conference Centre

37



3.0 RESEARCH METHODOLOGY
Evaluativeresearchaims at testing effectiveness of projects, policies or programs to
determine how they have failed against stipulated standards or targets in order to
suggest modifications and alternatives (Veal, 2006)s approactwas adopted for
this study.It will require basic tools for data collection and analysis which include
interview, visual survey which is incorporated into case studies in order to provide the
researcher with first hand information on the subject matémondary data from the
cases visited ahcalculationgsimulation This is necessary in other to deduce the
appropriate and practicable guideline needed in the design of the proposed facility.
The case study method ensures an accurate description on similar problems stated in

the research arttie existing solutions applied.

3.1 The Case Study Approach

Case study is a dominaapproach irarchitectural research. It may be referred to as a
research method or a unit of analysis which involves the study of an example or a case
of the phenomenon breg researched/gal, 2006).

According to Yin (2004) case study can be seen as an empirical inquiry that
investigates a contemporary phenomenon within its real life context using multiple
source of evidence.

Case study approach is characterized by a pafplselection of the cases to study
and triangulation, which is normally conducted by means of multiple methods of data
collection (Johansson, 2010). However to be seen in its full sense, the study should
include detailed documentation of information dre thistory and environment of
study (Oluigh92010). Hence, the case study to be carried out on this research will be
documented based on the following headings: history and background; site planning

and landscaping; spatial organization of buildings; ctétm@ and materials; and
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building services. This will then be followed by the application of general data

collection technique.

3.2 Case Study Selection
Oluigbo (2010) mentioned that for cases to be identified, they have to possess some
intrinsic virtues which are in relation with the phenomenon under consideration.
Hence, to properly select case studies best suited for this research, the following
criteriaare considered.
1. Its function
2. The climatic zone to which the case belongs
3. Thescope of facilityprovided: this is to check the services, facilitidenatic
zone architectural characteristics, etc provided and its correlation to the
proposed facility.
4. Their adaptation tesustainable design strategi#ss is to check its success as
it relates to energy conservation/efficiency (in materials used, energy sources,
passive design application, etc.). Hence, the selected case studies are required
to strongly satify the listed criteria.
From the listed criteria above, the following cases were selected due to their inherent
gualities which were in consonance with the phenomenon under investigation;
1. NECA Conference Centré.agos
2. LCCI Conference Centré.agos
3. ShehuMusaY a r 6 €ahferance Centrébuja
The above case studies were also chosen deliberately to increase the likelihood of
showing or expressingnportant variations of several features of the facility. This
type of case study is illustrative. Itilformationrich and can be used to illustrate an

architectural style or issue.
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3.3

Instrument of Data Collection

The instrument used for data collection in this research include;

1.

3.4

Visual survey: this is a method of data collection in which the eyes is used to
study and observe. This survey must be guided by critical literature review
guidelines. E.g. checklist. Visual survey can be documented through
tabulation, sketches, plates, figures, writteports, etc.

Interview: Thisis a method of data collection whigtvolvespreparing a list

of interview schedule and laid down questions to ask the interviewee. It is
grouped into three main types namely: structured, sémctured and
unstructured iterview (Neville, 2007).

Secondary Data: this involvesdata gotten from the management such as
electrical design drawings and records of energy consumption. This will help

to carry out statistical analysis on the cases.

Procedure of Data Collection

Visitations will be made to each of the cases selected, visual survey inform of walking

tours will be made around the site observing and identifying architectural features will

be made taking note of materials, finishes and spatial arrangements obitreridins

in order to analyze the collected data. Documentation will be made on;

1.

2.

3.

4.

Sustainable design features of the centres
Energy efficiency strategies applied in the design
Architectural design requirement used to achieve energy efficiency and

Facilities provided and spatial organization of the design.

Visual survey will be reflected using photographs which were taken of relevant case

studies to ascertain the features of sustainable design, sketches will also be made of
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some parts of the selected casdsese sketches will show the spatial organization of

the facilities.

3.5 Variable of Study
Variables are parameters that scholars investigatethe purpose of this research,
the variables to be considered aesigndependent variables whiakill point out
which of the elements of sustainable design had been applied in the cases and their
effect in energy reduction. They are;

1. The building envelope

2. Daylight in the building

3. Naturalventilation

4. Site and external spaces

5. Orientation and planning

6. Building shape and form

7. Wall shading

8. Local climate

9. EXxisting energy source

36  Data Analysis

Data analysisvas basewn descriptive, visuaand ranking systenA checklist was
also employed to assess and recordetktent to which sustainable desigmategies
were employed in théhree centrebased on a 5 point scale ramd systemranging

from very inadequaté&pointto very adequat®&point.
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4.0 FINDINGS AND DISCUSSION
4.1  Introduction
In this chapter, the third objective which is to find out the extent to which sustainable
design strategies were applied in the desigreasfferencecentres was carried out.
Here, the data gotten from the cases studied are described and a checklist was
empdoyed to access ancecord the level of applicatiobased on a -point scale
ranking system ranging from very inadequapmint, inadequat@points, average

3points, adequatdpoints to very adequatgpoints.

4.2  Case Study OnefFindings at NECA ConferenceCenter

42.1 Background

The Nigerian Employersdo Consultative AsSsS:
the organized private sector of Nigeria. It has a conference/event centre which is
strategically located within théeja Central Business Districtt Plot A2, Hakeen

Balogun Street, Alausa, lkeja, Lagos. The centre is in a functional state and it is made

up of five floors and a basemelhtconsists of;

1. An auditorium that has a capacity of 700 seats without tables and 500 with
banquet tables.

2. Two mini halls; one has a capacity of 250 without tables and 180 with banquet
tables and the other has a capacity of 200 without tables and 140 with banquet
tables.

3. Two elegantly finished restaurants capable of seating 80 guests each.

4. Waiting room

5. Four seminar roms, each having various capacities

6. Foyer for exhibition and other services
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7. Library and offices

8. Parking spaces.

The auditorium, mini halls, and seminar rooms are well equipped with projector and
screens, public address systems, flip chart boards, markeisuperb air conditioning
system.
42.2 Findingsfrom visual survey
At the NECA conference centre, it was observed that the source of energy
consumption within the building are:

i.  Lighting fixtures

i. HVAC systems

iii.  Projectors and Computers

iv.  Public addressystems

v. Printers

vi.  Television

vii.  Refrigerator and
viii.  Elevators.
Some sustainable design strategies were applied to the building elements, these
elements are described below;
A. Building envelope
The building envelope and its components are key determinants of the amount of heat
gain/ loss and wind that enters into a building. The dominant building material used
are concrete and glazing (reflective glasses) for walls, marble tiles for floor, white
patterned suspended ceiling and plaster of Paris (POP) ceiling in some spaces as
shown in platd. Variety of colours were used in different spaces within the building;

milk coloured walls for the library, auditorium, and seminar rooms respectively, dark
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and light blue coloured walls for the mini halls, orange and milk coloured walls for
the foyer and light and dark shades of green coloured walls for the restaurants as
shown in platedl to IV. The external finish of a surface determines the amount of

heatabsorbed or reflected by able 4.1 show the thermal properties of the building

envelope materials used.

Platelll : Foyer/circulation PlatelV: Restaurant 1
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Table 4.1: Thermal properties of materialsed at NECA centre

Elements| Materials Thermal properties
Colour | U-value | Admitta | Solar Emissivity | Relectivity | Conductiv
(W/m2k) | nce absorbtion ity

Wall Concrete | Sandy | 1.800 3.360 | 0.506 0.90 0.549 0.431
block wall | brown

Floors ConcSlab | Grey | 0.880 6.100 | 0.475208| 0 0.573 0.837
-Tiles

Roof Corrugate | Red 7.140 7.100 | 1.000 0.89 0.624 0.075
d metal
roof

Ceiling | Suspendeq White | 0.500 0.900 | 0.368 0.90 0.702 0.431
ceiling

Doors Glass door Transp | 5.356 5.360 | 1.000 0.86 0.967 1.046

arent

Windows| Single Tinted | 6.000 6.000 | SHGC VT 0.725 1.046
glazed blue 0.56 0.725
alumframe RI=1.74
_blinds

Source: Author'scase studyesearch (2014)
B. Natural lighting

The interior of each of the spaces had access to natural daylight through the use of

large windows which spans the whole length of the space as shown in\platés

Due to inadequate natural lighting, fluorescent bulbs are used to enhance the

brightnesof the rooms.

&
-]
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i
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W

PlateV: Reception

PlateVI: Restaurant 2
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PlatelX: Seminar room 3 PlateX: Seminar room 4

C. Natural ventilation
Natural ventilation was provided for through the use of large wisdsmme of which
are openable as seen in plates VI tohdwever it was not adequate, hence the

functional spaces within the conference centre made use of air conditioning systems.

D. Site andexternal spaces
The building environment is surrounded by hard and soft landscape. Interlocking tiles
were used for walkways and drive ways as seen in pKitas Xl respectively.

Grassed areas and plants were also used to beautify as well tteec@olironment.
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PlateXI: landscape

E. Wall shading

There are eave projections in some areas especially along the restaurant extension, but
they don't shade the windows, venetian blinds do from within. No horizontal or

vertical shading device as shown in plaX#¢ andXV respectively.

IateXIV: Extelior view PlateXV : Exterior view
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F. Existingenergy source

The existing energy source nsunicipal power fromPHCN which is not reliable so
they depend mainly on generators. These generators as seen X\fllaise about
10000 litres (average)f diesel per month. They have two fuel dumps (tanks) buried

underground.

PlateXVI: Power Generating Set

4.2.3 Findingsfrom the interview

According to Artitect D. Dedeke the designer of the NECA centre, some of the
sustainable design considerations made on the building envelope was the use of light
colours on the walls and reflective glass to help reflect light, the shape and direction
of the building. Efforts were made have adequate lighting through the use of large
windows which spans from one end to the other in the various functional spaces and
the depth of the building was also reduced in order to allow adequate coverage of
natural light in the spaces.

Natural vetilation was also achieved through the use of large windows, some of
which were openable.

In the orientation of the building, the design considered the direction of the sun path
and the four cardinal points, windows were placed on areas that are lessdetqos

the sun.
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According to the architect, the building was not about energy efficiency alone, the
design was a combination ofractilinear and curvilineaform, this was determined

by the nature of the site to get the maximum. On the issue of susigynatbenergy
source of the facility, he said that solar panel was not used as at the time of
construction because they were too expensive (limited budget) and they had not
understood its maintenance aspect so two 500Kv generators were purchased as back
up.

42.4 Extentof sustainable strategies applied on the building element

This section will evaluate the extent to which sustainable design strategies were
applied on the building element as shown on takk W.shows that the building
envelope made usef medium range embodied energy materials. The design has
inadequate daylighting and natural ventilation, no shading devices and no alternative
source of energy was usebhble 4.2 is ranked using apint scale ranking system
ranging from very inadequaflpoint, inadequat@points, averag8points, adequate

4points to very adequatpoints.
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Table 42: Sustainable design strategies appaetlECA centre

S/N | Variables Checkilist Level of Remark
application
213|415

1 |Building | Suitability of the \% No insulation material wal
envelope | Materials to the climate used on the external walls.

Use of externa Use of light colours and th
insulation entire exterior surface of th
Use of smooth surfac Vv building envelope wa
finishes rough.

Use of light colours \%

2 | Natural Wall to window ratio V| Use of extensive larg
lighting (40%) windows made of singl

Use of spectrally clear glass cause heat gairn
selected glass

3 | Natural Use of  openablg \% Natural ventilation was
ventilation | windows provided for but was

inadequate.

4 | Site and Use of interwover Vv Presence of soft and ha
external | landscape landscape, but Nng
spaces Use of impervious Vv interwoven.

surfaces

5 | Building | Large building surface \% Appropriate building form
form area based on climate

6 | Building | Sun orientation; BV \% The optimum orientation is
orientation NW-SE

Wind orientation; SW \%
NE

7 | Wall/lWin | Use of horizontal an( Building was not properly
dow vertical shading devices shaded, only the use of fixg
shading | Use of interior blinds V | overhangs at some point

this exposes it to direct sol
Use of recessed walls radiation
Use of overhangs \%
Use of plants

8 | Existing Use of PV cells Extensive use of PHCN
energy however, energy was total
source reliant on fossil fuel due t

Use of natural gas epileptic power supply.
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43  Case Study Two:Findings at LCCI Conference Center

43.1 Background

The Lagos Chamber of Commerce and Industry (LCCI) has a conference and
exhibition centre located at NO 10, Bola Ahmed Tinubu way (Behind MKO Abiola
Gardens) Alausa, lkeja, Lagos. This centre has facilities for trainings, meetings,
seminars and exhibitions. it currently in a functional state and it is made up of five
floors which consist of;

1. An auditorium/gallery which has a capacity of 700 without tables.

2. Two conference rooms; one has a capacity of 40 without tables and 36 with
banquet tables and the othexrsha capacity of 60 without tables and 40 with
banquet tables. Both rooms are equipped with screens, flip chart boards,
markers and superb air conditioning system.

3. Four meeting/seminar rooms, these rooms are used interchangeably
(multipurpose).

4. They haveoffices and spaces rented out for other conference supporting
activities.

5. Parking spaces.

4.3.2 Findingsfrom visual survey
At the LCCI conference centre, it was observed that the source of energy consumption
within the building are:
i.  Lighting fixtures
i. HVAC systems
iii.  Projectors
iv.  Computers

v. Public address systems
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vi.  Television

vii.  Printers
viii.  Refrigerator and

ix. Elevators.

Some sustainable design strategies were applied to the building elements, these
elements are described below;

A. Building envelope

The dominant building material used on the building envelope are concrete walls,
glass windows, blue paint on the outside as shown in pk#gis and XVIII, and

white on the inside, white patterned suspended ceiling and vitrified glazed tiles for the
floors as shown in platéXl. The openings are made up of transparent openable glass

windows and doorsTable 4.3 show the thermal properties of the building envelope

materials used.

PlateXVII : Approach view PlateXVIII : Rear view
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Table 4.3: Thermal properties of materiads LCCI centre

Elements| Materials Thermal properties
Colour | U-value | Admittan | Solar Emissivity | Relectivity | Conductiv
(W/m2k) | ce absorbtion ity
Wall Concrete | Blue | 1.800 3.360 | 0.506 0.90 0.549 0.431
block wall
Floors ConcSlab | White | 0.880 6.100 | 0.475208|0 0.573 0.837
-Tiles
Roof Corrugate | Blue | 7.140 7.100 | 1.000 0.89 0.624 0.075
d metal
roof
Ceiling | Suspendeq White | 0.500 0.900 |0.368 0.90 0.702 0.431
ceiling
Doors Glass doorn Transp| 5.356 5.360 | 1.000 0.86 0.967 1.046
arent
Windows | Single Tinted | 6.000 |6.000 |SHGC |VT 0.725 1.046
glazed blue 0.94 0.753
alumframe RI=1.74
Source: Author'scase studyesearch (2014)
B. Natural lighting

Provision was made for natural lighting through the use of windows but interiors

spaces made use of artificial lights this is because the use of windows did not provide

adequate natural lighting as seen in plates to XXII .

PlateXIX : Seminaroom 1
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PlateXX: Conference room
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PlateXXl: Seminar room 2 PlateXXIl : Auditorium
C. Natural ventilation
Based on the orientation of the building, proper placement of the openings was
achieved and majority of the spaces are Tr@mntilated, but the air flow within the
building is not adequate. This is due to large spaces with small windows as shown in

plateXIX.

e |

PlateXXIIl : Auditorium
D. Site andexternal spaces

Plants and sustainable landscaping was not considered in the design of the site, the
environment was made up of hard landscape, no soft landscaping as seen in plates

XXIV , XXV andXXVIIl respectively.
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PlateXXIV : Landscape PlateXXV : Parkingspace
E. Wall shading
No defined use of shading devices (horizontal or vertical), no plants too, but eave
projections of 1200mm (platesXVI and XXVII) were used on both sides of the

building and venetian blinds were used to shade the windows from within.

——

PlateXXVI : East view PlateXXVIl : West view

F. Existingenergy source
The existing energy source fisunicipal power frorPHCN which is not reliable so
they depend mainly on generators (pl&éVIIl ) which have an output of 240260

KVA and about 6000 litres (average) of diesel is used in a month.

55



PlateXXVIIl : Power Generating Set

4.3.3 Findingsfrom the interview

From the interview carried out witArc. Odeyemi, it was pointed out that thaef

did not give much room for design adventuf®wever, some sustainable strategies
were employed. For the building envelope, he said the number and size of windows
per square meter of space was calculated and window types chosen to ensure that
energyloss is minimal.

In order to achieve adequate daylight, atrium was provided to cope with the needed
depth of the building. The site is narrow relative to getting economic space to
amortiseinvestment. Here it was stated that the issue of natural 'ventilation' does not
really arise for consideration because design cannot consider cross ventilation in this
type of brief and the available site. Hence, mechanical door closing device was
essentlly employed to avoid losing cold air from air conditioning installation.

In the orientation and planning of the building, efforts were madediace the area of
fenestration on walls that face severe heat collection from the surpatlwas done

to reduce the amount of heat collected into the building. The design had no much
room for design adventure because of teedhfor meeting the requirement of the

brief so the building is just a straight rectangular block dictated by the geometry of the
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site and power was supplied to the building through PHCN and availability of diesel

fuel for generator.

43.4 Extentof sustainable strategies applied on the building elements

This section will evaluate the extent to which sustainable design strategies were
appied on building elements. Here the building was cooled mechanically, had
inadequate daylighting, no landscaping, no shading devices only eave projections at
some areas and no alternative use of energy. Details are seen ondaisiegta 5

point scale raking system ranging from very inadequafint, inadequat@points,

average3points, adequatépoints to very adequatgoints.
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Table 44: Sustainable design strategies appaetlCClI centre

S/N | Variables Checkilist Level of Remark
application
213|415
1 |Building | Suitability of the \% No insulation material wal
envelope | Materials to the climate used on the external wall
Use of externa Blue colour was use
insulation extensively on the exterig
Use of smooth surfac Vv of the building with a rougt
finishes surface finish.
Use of light colours \%
2 | Natural Wall to window ratio Vv Interior spaces were |
lighting (40%) through windows, howeve
Use of spectrally this appears inadequate d
selected glass to use of small windows fg
largespaces.
3 | Natural Use of  openablé \% The use of openabl
ventilation | windows casement windows, Dbl
inadequateventilation
4 | Site and Use of interwover No soft landscaping.
external | landscape
spaces Use of impervious
surfaces
5 | Building | Large building surfact \% Appropriate building form
form area based on climate
6 | Building | Sun orientation; BV \% The optimum orientation is
orientation NW-SE
Wind orientation; SW Vv
NE
7 | Wall/lWin | Use of horizontal an No wall shading, no tal
dow vertical shading devices trees, no plants onl
shading | Use of interior blinds V | overhangs at some areas
the building.  Venetian
Use of recessed walls blinds were used o
windows. This exposes it t(
Use of overhangs Vv direct solar radiation
Use of plants
8 | Existing Use of PV cells Extensive use of PHCN
energy however, due to epilepti
source power supply, standb
Use of natural gas generator was used.
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44  Case Study Three Fi ndi ngs at Shehu Musa Yar 6a

44.1 Background
Shehu Mus aCornfesencé aetitte ds a privately owned conference facility
located within the central business district at one memorial drive, Abuja, Nigeria. The
centre offers facilities for a wide range of events such as conferences, wedding
receptions, seminars, exftibns and meetings. It is in a functional state and consists
of two floors with the following facilities;

1. An auditorium that has a thiea style capacity of 450 sesatind working

conference capacity of 250.

2. In-house Exhibition halsersshacvwe 6c adi ngh efh,

Yar 6adua.
3. Foyer for exhibition and other activities
4. Library and offices
5. Parking spaces
6. Other facilities include the unfinished bridge and the garden pavilion.
The auditorium is well equipped with projector and 6m x 4.5m screenleserd
infrared head sets, three simultaneous translator booths, and others.

44.2 Findingsfrom the visual survey

AttheS hehu Musa VYarb6adua Conference centre

energy consumption within the building are:
I.  Lighting fixtures
i. HVAC systems
iii.  Projectors
iv.  Computers

v. Public address systems
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vi. Television
Vil. Printers
viii.  Refrigerator and

iX. Elevators.

Some sustainable design strategies were applied to the building elements, these
elements are described below;

A. Building envelope

The dominat building materials used are concrete walls and glazing, marble tiles for
floor and concrete for ceiling. White is the major colour used in and outside the
building with touches of grey on the inside and touches of green and grey on the
outside respectely. The walls and ceilings of the library, auditorium, and offices are

a combination of white and grey in colour and the floors made of grey marblagiles
seen in plates XXIX and XXXTable 4.5 show the thermal properties of the building

envelope mateais used.

N
7658 & ‘. 5 ";::n }’\"{Af‘f"“’ 3 \i\"}‘,? T
- - foce Ro '~
PlateXXIX : Approach view PlateXXX : Rear view
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Table 4.5: Thermal properties of materiad$ Yar'adua centre

Elements| Materials Thermal properties
Colour | U-value | Admittan | Solar Emissivity | Relectivity | Conductiv
(W/m2Kk) | ce absorbtion ity
Wall Concrete | White | 1.800 3.360 | 0.506 0.90 0.549 0.431
block wall | Grey
Floors ConcSlab | Grey | 0.880 6.100 | 0.475208|0 0.573 0.837
-Tiles
Roof Corrugate | Green | 7.140 7.100 | 1.000 0.89 0.624 0.075
d metal
roof
Ceiling | Suspendeq White | 0.500 0.900 |0.368 0.90 0.702 0.431
ceiling
Doors Glass door Transp | 5.356 5.360 | 1.000 0.86 0.967 1.046
arent
Windows | Single Transp| 6.000 |6.000 |SHGC |VT 0.725 1.046
glazed arent 0.56 0.725
alumframe RI11.74
_blinds

Source: Author'scase studyesearch (2014)

B. Natural lighting
The modes of admission of daylight into the building are windows and a central
atrium as seen in plate€XXl to XXXIII . However some spaces still made use of

artificial lighting as seen in plateééXXIV andXXXV respectively.

PlateXXXIl : interior view

PlateXX XI: Atrium
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PlateXXXIV : Exhibition hall PlateXXXV : Gallery

C. Natural ventilation

Windows were provided in the various functional spaces some of which are openable
and others fixed. This however did not provide adequate ventilation therefore, most
spaces are artificially ventilated.

D. Site andexternal spaces

Presence of hard and soft landscape within the environment. Driveways were tarred
and interlocking tilesvere used for walkways. Grassed areas and plants were also

used to beautify as well as cool the environment.
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PlateXXXVI: landscape PlateXXXVII : Driveway

E. Wall shading
The walls were not shaded but areas carrying windows and doors were recessed as
seen in plateXXXVIII andXXXIX respectively. No eave projection and overhangs.

Venetian blinds were also used inside the building.

PlateXXXVIIl: Side view PlateXXXIX : Recessed wall

F. Existingenergy source

The existing energy source is PHCN which is not reliable so they depend mainly on
generators and to minimal extent solar cells.

44.3 Findingsfrom the interview

From the interview carried out on Arc. RJwanya of the Shehu Musa Yaradua
conference center, he stated that the building envelope consisted of a central roof light
which is used to harness daylight during the day and equally used to improve the

ventilation of the centre as well as save costgiiting High illumination level was
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achieved in the complex due to the use of large windows. The design of the complex
is very western and is artificially ventilated especially the multipurpose halls and
offices, hence the use of special doors were useddore that less money is used to
cool or heat the spaces.

It was stated that the centre was not about energy efficiency but was designed in the
memory of one of the notable sons of the country, therefore major consideration was
to make sure that the cofeg was very imposing and iconic so the iconic impression
supercedes energy efficiency in terms of the orientation.

Other energy efficiency factors employed was the use of energy saving bulbs,
introduction of special concepts that decreases the inflovatgrwhile increasing its
pressure, and the use of solar heating systems for the heaters (most of the heaters were
isolated and were not powered by electricity but by solar cells). Wind shadow effect
was very primary in choosing the location of the wind@ms wind corridors were
analysed. The results of the analysis informed the shape, location of the dome and
orientation of the complex. The power sources are PHCN, standby generator and to a
minimal extent, solar power.

44.4 Extentof sustainable stratezs applied on the building envelope

This section will evaluate the extent to which sustainable design strategies were
applied on the building elements. Here it was noted that the building is iconic. Table
4.6 shows more details using apbint scale rankig system ranging from very
inadequatelpoint, inadequat@points, averag8points, adequatépoints to very

adequatebpoints.
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Table 46: Sustainable design strategies apphédar'adua centre

S/N | Variables Checklist Level of Remark
application
213|415

1 |Building | Suitability of the \% No insulation material wal
envelope | Materials to the climate used on the external walls.

Use of  external Use of light colours and th
insulation entire exterior surface of th
Use of smooth surfac Vv building envelope has 4
finishes smooth surface finish.

Use of light colours \%

2 | Natural Wall to window ratio Vv Daylighting was provided

lighting (40%) through the use of window
Use of spectrally and central atrium howeve
selected glass artificial lighting fixtures

were used

3 | Natural Use of  openablé \% Natural ventilation was
ventilation | windows provided for but was

inadequate.

4 | Site andl Use of interwover \% Presence of soft and ha
external | landscape landscape, but ng
spaces Use of impervious \Y interwoven.

surfaces

5 | Building | Large building surfact \% Appropriate building form
form area based ortlimate

6 | Building | Sun orientation; BV \% The optimum orientation is
orientation NW-SE

Wind orientation; SW \%
NE

7 | Wall/lWin | Use of horizontal an Use of recessed walls ¢
dow vertical shading devices areas with windows, wall
shading | Use of interior blinds V|were not shaded, this

exposes it to direct solg
Use of recessed walls V | radiation
Use of overhangs \%
Use of plants \%

8 | Existing Use ofPV cells \% Extensive use of PHCN ar
energy generators. Minimal use (
source PV cells.

Use of natural gas
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Table 4.7 shows a summary of findings from the three centres and are ranked using
information gotten from literature review.

Table 47: Summary of findings.

CONFERENCE CENTRES
SIN VARIABLES NECA LCCI YAROG AD| TOTAL
1 Building envelope 9 9 13 20
2 Natural lighting 6 4 4 10
3 Natural ventilation 4 3 4 5
4 Site and external spact 4 2 4 10
5 Building form 4 4 4 5
6 Building orientation 6 6 6 15
7 Wall/Window shading 11 11 15 25
8 Energy source 2 2 4 10
TOTAL 46 41 54 100
16
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8 -
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4.5 Discussions

Research has shown that the building envelope, HVAC and lighting systems working
together as an integrated system are the printguédrsresponsible for the energy
consumption of any building and these affects its efficiency. However, as established
in the literature review, orientation, site and external spaces, day lighting, wall
shading, natural ventilation and existing energyrse are all factors to be considered

in a building in order to achieve an energy efficient design.

The building envelope affects the building energy consumption which in turn affects
its efficiency. It controls the amount of light and heat that gets timobuilding
thereby affecting the lighting and HVAC systems. The thermal properties of the
building envelope materials/ finishes determine how well a building conducts, emits,
transfers, absorbs and reflects heat away from its surfedmsever, tudies show

that the lower the conductivity and transmittance values of a material, the better the
material for insulation and reduction of heat transfer and the cooler the surfaces and
the higher the emittance values the cooler the surfaces. T8mbaks therequired
reflectivity of building elements. In addition to the information in tabl@ 4. is
important to note that roofs with slopes less than 20 degrees shall have an initial solar

reflectance of not less than 0.70 and an initial emittancetdés®than 0.75.

Table 48:; Desirable reflectance level

Surface Desirable reflectance  Typical finish to achieve reflectance
Ceiling 0.7—0.8 White colour

Wall 0.5—0.6 Cream, light green

Table top 0.35-0.5 Brick colour

Floor (0.15-0.3 Medium Grey

Source: Energy Conservation Building Code User Guide, BEE, HICQ)
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Windows, curtain walls and other translucent surfaces afteew to the exterior and
they allow natural lighting and pos$tmatural ventilation. Their main energy related
parameters are their insulation value, transparency to solar radiation, and air tightness.

The lower the insulation value, the greater a window's resistance to heat flow. The

SHGC is the fraction of solareat admitted by the window on a range of O to 1, the

lower the SHGC, the lower the heat transfer, the better the window is at preventing

solar gain (Sosa, 2007; Zhivov et al, 2010). For a warm humid climate, the SHGC

value should be less than 0.40. A windd s

as its visible transmittance (VT) on a range of 0 to 1. Windows witiigh value of
Coefficient VisibleLight will maximize the natural light inside the spadée rate of
heat flow (Ufactor) through theunit area ofglass is another property that should be

considered. A low tFactor is useful when it is importantiwaintain the heat outside,

transparency

t

(0]

\'

but it is less important than the SGHC in warm climates, hence, windows and

skylights witha U-Factor less than @0 is appropriateTable 49 shows a range of

window options and theienergy related characteristics and tabl#€04show the

percentge reduction in solar heat gain by applying different strategies.

Table 49: Glazing types and energy related parameters.

Coefficients
CODE WINDOW WITH GLASS S— — p——
a | Siumple clear 0.86| 0.90| 6.59
b | Simple bronze or grey tint 073 ]| 0.68] 2.09
¢ | Double simple clear 0.76 | 0.81 | 4.48
d | Double bronze or grey tint 0.6210.62| 341
¢ | Double high technology Low-e 0.4810.69| 2.04
f | Double high solar gain Low-e 0.7110.75| 1.82

Source:Sosa & Siem, (209).
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Table 410: Percentage comparison of the reductéthe solar gain of a window of
simple clear glas&hen applying solar shades and curtain.

Strategies Reduction of the
solar gain vs.
window of simple
clear glassof 1/4""
External solar shade 80%
Paper or reflective layer in glass 37 - 68%
Spectrally selective glass 37-58%
Glass of bronze or grey tint 26 - 37%
Interior blind of clear colour 30%
Interior blind of medium colour 22%
Curtain inside translucent 54%
Curtain mside white colour 59%
Curtain inside dark colour 15%

Source: ASHRAE handbook of fundamentg2001)

Everymaterialusedin anenvelopeassemblyjhasfundamentaphysicalpropertieghat
determinetheir energyperformanceThe higherthe energyperformanceof a building
envelopedesign the higherthe sustainabl@erformancef thatenvelopedesigniwaro

et al (2013).

The design of any shading device depends greatly on the exact path of the Sun
through the sky. Thus, shading device strategies need to be tailoredteetitation

of each window. Whilst some orientations are easy to shade, others are much more
difficult as the Sun can be almost direct at certain times of the day (Reardon,
2008). Table4.11 shows the appropriate types of shading device for use on each
orientationof a building. These are intended as guidelines only as there are many
variations to these basic shading types and some significant room for innovation in

the detailed design of shading.
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Table 4.11: Simple shading strategies for differemtentation

ORIENTATION EFFECTIVE SHADING
Equatorfacing Fixed Horizontal Device

East Vertical Device/Louvres (moveable)
Polefacing Not required

West Vertical Device/Louvres (moveable)

Source:Reardon(2008
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5.0 DESIGN CRITERIA
5.1 Site Location
The conference centre is to be located in Lokadfe Kogi State capital. Its
coordinates are 7°49'02"N and 6°44'14"E with a total ar&80km?2 Kogi state is
found in the central region of Nigeria and it lies in the warm humid zone, it occupies
2983%km? and shares common boundaries with Niger, Kwara, Nasarawa and the
Federal Capital Territoryo the north, Benue to the east, Enugu and Anambra to the
south and Ondo, Ekiti and Edo to the west. Phite shows the map of Nigeria

showing map of lokoja, Kagstate in red.

Plate XL : Map of Nigeria
Source:www.ngex.com

5.2  Climatic Data of Site

Lokoja is found in the warm humid zone of Nigeria which lies within the-sub
equatorial rainforest. It encompasses the coastal region, forest and the transitional
regions and has the lewet climate of the tropics. This zone experiences heavy
rainfall usually beveen 1000mm and 1250mm. The climate is characterized by high

humidity and is associated with hot discomfort for about eleven months in a year. The
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main rain occurs between April and October, and the maximum temperature never
falls below comfort limit. Plag XLI shows this data.

Maonth Jan | Feb | Mar | Apr I'.'Iay- Jun | Jul | Aug | Sep | Oct  HNov | Dec Y-ear-

e < i @ e 6 e e e @
wsseowery D i ) i i i

: 5 (VIR 97 | 150 | 155 | 168 | 170 | 211 | 122 [E) 3 1,145
Precipitation mm {inches) 02 | 04 | (18 ! .3 08 | ©1

Plate XLI: Climatic data fol.okoja
Source: Veather base, 2011

5.3  Site Selection Criteria

Lenhart (2007), states that in present times, conference cardrbsilt in prime areas

and on prime site near hotels and attractions. They are part of an overall down town
package that makekd destination competitive. Hdso stated that conference centres
should have relative proximity to commercial accommodatiddther key
considerations include size of site, room for future expansion, availability of iconic
views and consentability under the resource management act (ibid). The choice of
location should be within an area reserved for institutional facilities paruic
utilities, a location that is easily accessible by good roads to aid smooth traffic flow
and encourage patronage and which is far away from industrial zones to avoid all
forms of industrial pollution.

Lokoja has limited land areas due to the preseoichills and water ways. It is a
developing state that has no detailed or structured land use map. Biilplagdows

lokoja's urban area within the perimeter circle.
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LOKO]JA URBAN AREA
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. Plate XLII : Lokoja urban area
Source:Kogi State survey, Ministrpf Lands, Housig And Urban Development,

2013
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LOKOJA METROPOLIS

N
g
-

Plate XLIIl : Lokoja urban area
Source:Kogi State survey, Ministry okands, Housing And Urban Developmgent
2013
Within the perimeter circle, the shaded are&Piate XLIll is the proposed central
business district oflokoja which is suitable for the location of a conference facility,

hence three sites were chosen from this area as seRlatenXLIV and will be

weighed based on the above considerations in order to select the most appropriate site.
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. SEENE

SITE TWO &

{Otokiti

JSITETHREE

‘New/Mammy,

N
N ————Kabba:Road

Plate XLIV : Theselected sites
Source: Google earth, 2014
5.3.1 Siteone
This area is located along Hasssan Kat®izey, Zone8. It is in close proximity to the
state judiciary,Federal High Court, Federal Inland Revenwrvige (FIRS), and
Aloma hotel and resort off the AbujaOkene express way. The site is accessible by
road through the route that branches off the Hassan Katsina express way as shown in

PlateXLV

\ ”
1! Py
5

Plate XLV : Proposedite one
Source:Google earth, 2014

75



5.3.2 Sitetwo

This areas also located along Hasssan KatdiMay, Zone8. It is in close proximity

to the international stadium and ti@entral Bank of Nigeria@GBN). The site is
accessible by road through the route that branches off the "crusher junction" express

way as showm PlateXLVI.

Plate XLVI : Proposd;ite o
Source: Google earth, 2014
5.3.3 Sitethree
This area is located along Kabba road. It is in close proximity to the chari maigumari

barracks and otokitiousing estate. It has no link to the road as shown in RIAtd .

Plate XLVII : Proposedite two
Source:Google earth, 2014
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Based on the listed criteria, a quantitative result was derived and the best site was
selected. The rating is as follows: 5 fmost appropriate; 4 for appropriate; 3 for

moderately appropriate; 2 for not appropriate; and 1 for least appropriate.

Table 5.1: Site selection criteria

CRITERIA SITE SITE SITE REMARKS
ONE TWO THREE
Accessibility 4 4 4 Both sites are accessible by go
roads.
Proximity to| 5 3 2 Site one has a closer proxim
conference to hotels and attractions.

support facilities

Proximity to| 5 3 2 Site one has more proximity {

attractions scenic views.

(scenic views)

Distance  from 4 3 3 Site two faces more traffic du

heavy traffic to its closeness to residential a
commercial areas.

Expansion 4 3 3 Site one has more expansi

possibilities possibilities.

Land use 5 5 3 Both sites are indicated fq

compliance public facilities and are central
located.

TOTAL 27 21 17 Results shows that site one

more suitable.

From table 5.1, the most appropriate location for the conference centre is site one.
5.4  The Proposed Site

The site is located within the proposed central business district in close proximity
with other public buildings. It is approximately 12 acres which is within the
recommended guideline for the size of a conference centre XMt shows a site

location map from Africa to Lokoja.
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Plate XLVIII : Site location map
Source: Google earth, 2014

The proposed site is moderately undulated, it slopes gradually downwards from the
North-East to the SouthVest. It is underlain by rocks of the basement complex, the
main rock type is migmatite with pockets of gneiesses. The solil is very sandy,
specificaly, sandy loam but it is interspersed with minor outcrops that have
undergone weathering showing fragments of quartz and feldspars. The solil is well

drained.
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Plate XLIX : Proposed site
Source:Google earth, 2014

The site is easily accessible through the use of good roads and has a fadifityg

within walking distance as indicated alphabet 'A" in pKitéX .

5.5 Features Present on Site

The features present on the site are natural and manmade. The informhaten o
natural features are seen from the climate and topography of the site. These include;
the contours, the geology of the site @inginage problems as well as existing natural
featuressuch adrees, ground cover, ground texture, and soil conditamshown in

fig 5.1. The manmade features are the road system, existing infrastructurdsgs,

walls, fences, patios, plazas, bus ¥tpd services. This is seen in figs 5.2 and 5.3.
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1 TOPOGRAPHY

GEOLOGY
The entire site has 8 moderate and slight undulation which slopes The proposed site is
gradually dowrwards from the NE (+7.5m) to W(’H Sm). underlain by rocks of the N
basement complex. the mai
SOIL CONDITION

rock type is migmatite wit!

The soil is very sandy. Specifically, it is a sandy loam, %‘ pockets of gneiesses.

but it is interspersed with minor outcrops that have
undergone weathering showing fragments of quar
and feldspars. the soil is well draiped. CONTOURS

The distance between each
contour line is 300mm. During
construction, some areas will be
leveled to get a relatively flat
surface and some areas will
maintain the slope.

SITE SLOPE
Gutters and drainage outlets will*, ¢
be located at the lowest point on thi} 1
site, this will allow for efficient
collection of running water during
peak periods of rainfall.

4

I/ ¥ SECTIONX-X
: Section X - X ie moderately
and slightly undulated with th

SECTIONY-Y
Section Y - Y is moderately
and slightly undulated with
the lowest point at +1.5m and
the highest point at +3.0m

 VBGETATION
" . Sit@*vegetation is characterised by
ew trees, grasses and shurbs.

=R

Figure 5.1 Sitefeatures
Source:Aut hor 6 80Ms ket ch (

High tension wires are reen

aleng the Eorran Eatging SITE EXPANSION
axpress way, slactrcity There is future
conld be draom from thir

expansion possibilities

sourre to the wte for of site.

TEEES
Fome of the weep precent onthe
alta will e mwadnaitied and uged

This is to serv e as the main 3 ] L te enkance the mscape.
entrance into the conference iy - y - Lamdrcaping will help to keep
centre. b o : ; the immediate envircament cool

ELECTRICAL SERVICE

High tension wires are seei

along theroad leading to

the FIRS building.

Electricity could be drawn

from this source to the site

for consumption. FEDE RAL INLAND

POSSIBLE ACCE 88

REVENUE SEVICE ' pessibrilities of sits.
(FIRS) isabout 1L.5km

across the road.

Figure 5.2 SiteanalysigViews)
Source:Aut hor 60814 ket ch (
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5.6

ELECTRICAL SERVICE
High tension wires are seen
along the road leading to the
FIRS building.

Electricity could be drawn
from this source

consumption.

e

POSSIBLE ACCESS
This is te serve as the
main entrsnce tute the

cenference comtrs.

-very accessible by vehicles and
pedestrians and hence suitable
for vehicular circulation and

parking

SUNSET
Sun sets in the west and it is usually
very hot, so efforts towards
achieving a cool building in order to
enhance energy efficiency is
necessary at this region through the
use of building materials, texture
and shape. There should he
relatively large wind ows on t
plane but it should be sh:

-very accessible by vehicles
and pedestrians and hence

WATER

suitable for vehicular
_circulation and parking
2% -this area can also

_ ,._si:cwnmodate public facilities

N

SITE SLOPE

Due to the terrain of the site,
the proposed building will be
positioned on the highest
peint this will help to prevent
any form of wind shadow
cffect in the fiture.

‘Water will be supplied to
the building from the
central water supply on

mount patti.

Figure 5.3 Siteanalysis
Source:A u t h sketob(2014

- - Fenestration should be in this

Iiigh tmsuidity and s asencisted

" with hot dizconfost for shout

sMven tonathis s A Fok

mass is a prevailing tradewind, usually
ich influences rainfall around April to October.

Fenestration should be in this d irec tion to help harness cool breeze

for passive ventilation.

NORTH EAST TRADE WIND
The tropical continental air mass
which is dry, cold and dusty
influences harmattan around
November to February.

direction to help harness natural

ORIENTATION
The major building ac tivity area
should be oriented such that solar
heating due to radiation reaches the
shorter sites of the building along
the east-west sunpath. Shading
devices should be emphasized along
this path.

The parameters in fig 5.3 will be analyzed to determine the best planning strategy and

building form to adopt in order to achieve sustainable conference centre.

WIND

The predominant seasonal winds are the

North-east and the South-west trade
winds. The wind speed is highest in the

month of April and lowest in the months
of July and December. Buildings should
d in the direction of wind flow

AL I S ]

............

Figure 5.4: Siteanalysis(Climate)
Source:auh or 6 s 281let c h (

Site Zoning Concept
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he positi
in order to collect and enhance the
natural ventilation of the building,

PRECIPITATION

Precipitation is experienc ed almost
through out the vear especially on
hilly areas. It is highest in the
months of July and September and
lowest in the months of January,
February and November.

TEMPERATURE

The maximum temperature
never falls below comfort limit.
Soft landscaping will help to
cool the immediate
environment.

RAINFALL

This region experiences heavy
rainfall usually between 1000mm
to 1250mm and the main rain
occurs between April and
October.

Zoning of the site was based on the noise surrounding the site and areas which will be

proposed for various activities ranging frgublic areas to private areas.



Zone A is suitable for the conference facilities because of its distance from sources of
noise. It is positioned on the highest point of the site to avoid any form of wind
shadow effect. Zone B is suitable for functiooatdoor activities and multipurpose
areas for events and meetings as well as cultural shows. Zone C is suitable for outdoor
meetings and break out areas and Zone D is suitable for parking spaces due to its

proximity to the road (entrance).

/ ‘4 pos
::*l‘?:ﬂ'f
a7
qf,f!‘
f!&f,; f'j

*f? fir

Figure 5.5 Sitezoning
Source:Aut hor 68014 ket ch (

5.7  Site Development Concept

The topography of the site informed the placement of facilities within the site. This
considered the ease of circulation and water drainage due to the undulating nature of
the site. The climatic conditions was also considered in positioning the building in

terms of building orientation.
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Surface water drai nage

Fedestﬁ an access

VechLar access

Main building (Halls of d#ferent
sizes and 'Fund:a'ms) and
Mul'HPurPose hall

Main and service crﬂri.’
551: oul;/(:)ulxioor me,eh'ng areas

FE!&J’]’% SPECeS

Figure 5.6. Sitedevelopment concept
Source:Aut hor 68014 ket ch (

Figure 5.6 showdhe general planning of the site and facilities sweh that the
activity relationship are well eordinated to create a harmonious grouping and ease
of circulation. Accessibility to site is convenient and free from all obstruction. Two
separate accesses were provided, The main access which is for ustafts,and
visitors while the other for services. The main access is complimented with a

pedestrian walkway.
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6.0 DESIGN REPORT
6.1 Introduction
Lokoja with its fast increasing educational, social and economic facilities does not
have sufficient and organized spaces for meetings, conferences, exhibitions, seminars
as well as social gatherings, to this effect the proposed conference centre has been
plannal and designed to host different events of different sizes with a capacity range
of two to three thousand. The facilities provided include; Auditorium, foyer and
gallery, seminar rooms, exhibition hall, banquet halls anddoat meeting areas.

Other auxilary facilities include; offices, restaurants, library and parking spaces.

6.2  Design Brief
Kogi State Governmenheeds a conference centre which is expected to meet the
standards of the current trends in conference centres. This will cater for:
1. Theannual educational summits held at the Kogi state university's lecture hall,
2. Training seminar sections for the "conquering mount patti" exercise which is
held yearly,
3. Communitymeetings/events and weddings,
4. Sourceof internal revenue and
5. Activities like graduationceremonies tradeshowsExhibitions and cultural
display,consumer shows and banquets.
The proposed design is expected to provide facilities for various forms of gathering
ranging from formal to informal gathering. The site is approximatelgct®s which

is within the recommended guideline for the size of a conference centre.

84



Table 6.1: Schedule of accommodation

FACILITY DIMENSIONS FROM ADOPTED NUMBER | TOTAL
STANDARD | CASESTUDY

(MIN)
Auditorium 0.5 sgm/person| 0.5 sqm/person | 0.6 sgnfperson | 2000 1800sgm
Banquet hall | 1.8 sgm/person| 2.1 sqm/person | 2.1 sqm 1500 368 sgm
Conference hall| 1.2 sqm/person| 1.2 sgm/person | 1.5 sqm/person | 150 225sgm
Exhibition hall | 1.8 sgm/person| 1.8 sqm/person | 1.8 sgm 60 108 sgm
Meeting rooms | 1.2 sgnfperson | 1.2 sqm/person | 1.5 sgm/person | 150 225sgm
Kitchen 0.8 sgm/person| 1.2 sqm/person | 1.2 sgm Staff Size
Library 0.4sgm/person | - 0.6 sgm/person | 142 staff 86 sqgm
Office 11lsgm - 20sgm 1 20sgm
Prefunctional 8sgm 20sgm 1 20sgm
area
Store 3.5sgm 15sgm 2 30sgm
Restroom 1.2sgm/person | 1.6sgm/person | 1.8sqm/person Pending on
6.3  Design Concept

The design concept originates from a variety of sustainable symbols. These symbols
stands for the building envelope which is a major compoimetite issue of energy
consumption and the sustainable design strategies. umef@yl, the green plants

represent sustainable design strategies while the bulb represents the building envelope

and its component.

A shows that the sustainable strategies are applied only on the outer environment of

the building.

i _g
A Y

dl(ll/
WA

N

B

Figure 6.1: Sustainable symbols

B shows that the sustainable strategies are applied only within the building, and
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C shows that the strategies are applied witand on the outer environment of the
building.

OptionC is the most efficient in reducing energy consumption as demonstrated in fig.
6.2.

i A
\}%"

‘:-‘ | y L —
D & b N —
& i p V'3

OPenings at high level to induce stack effect.

Naturalventilation through openings.
5 Opening

atural lighting through windows

E)uilcling enveloPe with !ugl" '

the!‘mal PGFFOFITIBHCC om trees rcduccs the effect of 5olar

Figure 6.2: Concept

6.4  Design Considerations

This conference centre is an environmentally friendly project which has used
technology and abundant natural resources to develop a model which show cases
energy efficiency. The centre is dedicated and committed to sustainable design and
the strategies enpyed based on the variables gotten from the literature review
reflects this commitment. The proposed design will significantly reduce the energy it
would originally consume, this will be achieved Ivy cooperatingthe sustainable
strategies from the pretiinary stages of the design to finish.

6.4.1 Climate

The climate of the site plays a significant role in the design of the proposed building.
In a warm humid region such as lokojéich is characterized by high humidity and

hot discomfort, building materials, considerations and construction techniques are
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such that they should keep off heat rather than absorbing it thereby reducing the
building interior temperature and running timfethe air conditioning systems.

6.4.2 Site

Building orientation was with regards to solar radiation and wind, the longer sides of
the buildingwas oriented to face the south and the north direction on the east and west
axis respectively. Openings on the east and west sides of the building were shaded
with trees and horizontal and vertical shading devices. The proposed building was
placed on theigher point of the site to avoid any form of wind shadow effect and
drainages were placed on the lower points of the site, this will help for easy drainage
during peak periods of rainfall. The site incorporated native plants and wild grasses to
reduce diret sun from striking and heating up the building surfaces, this will prevent
reflected light carrying heat into the building from the ground to other surfaces.

Impervious landscaping surfaces was minimized to achieve maximum drainage.

Interwoven walkpath (lawns and
gravels) to reduce direct sun from
striking and heating up building
surfaces.

The droughttolerant
Figure 6.3: Site plan Chitalpa tree used for

Source: Author's sketch (2014 Shading on the west side of
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Deciduous planting provided for shading during summer and allows desirable solar
gains during winter and added aesthetic todtr@re The droughtolerant Chitalpa

tree Chitalpa x tashkentengiss recommended for this desighgrows several feet a

year to a mature height of 25 to 30 feet. It has an open branching structwass a
dappled shadelhis heatloving tree bl@ms with pink, white or laender flowers all
summer longlt requires bw water usage after it is established within surrounding.

PlateL illustrates this.

Plate L: Chitalpa tree
Source: http//www.ehow.com.

6.4.3 Building Envelope

The roof receives significant solar radiation and plays an important role in heat gain/
losses and daylighting, hence light colours were used on the roof to reflect light that
will heat up the surface from the roof. Atrium was introducecider to allow
adequate passage of sunlight and escape of hot air from the building.

Double glazing, low emittance coatings, blue/green tints have become very important

means of energy conservation in modern construction to reduce both thermal losses
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and heat gain, hende was used in this design. Figured&hows materials of the
building envelope component. The depth of the spaces within the building was
minimized in order to have direct access to daylight which helped to reduce the need

for artificial lighting.

ATTARNERAL

mml HME =
e

ATTITETIT

Figure 6.4: Building envelope cor?if)wonent
Source: Author's sketch (2014)

6.4.4 Building shape and form
In warm humid climates, Forms with large surface afaeieg North and Soutare
preferred taeduce solar radiatiof his influenced the shape and form of the

proposed conference centfeégure 6.5shows the massive nature of the proposed

centre.

Figure 6.5: Building form with large surface area
Source: Author's sketch (2014)
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6.4.5 SpatialOrganization

The general planning of the site and facilities are such that the activity relationship are
well co-ordinated to create a harmonious groupingeamsk of circulation.

A. Accessibility

Accessibility to site is convenient and free from all obstruction. Two separate
accesses were provided, The main access which is for staffs, users and visitors while
the other for services. The main accesomplimented with a pedestrian walkway.

B. SiteDrainage

The site drainage is positioned at the lowest point on the site, this is to allow easy
flow and collection of running water during rainfall.

C. Main Facilities

This centre consist of three floors] &#bors are designed to have an open plan
circulation in order to encourage free movement of air and users. The entrance of the
building leads to the reception desk which is directly before the central atrium. At the
reception, necessary enquires are madé other spaces such as the Auditorium,
Banquet hall, Conference rooms, Exhibition halls,-faretional areas, Meeting
rooms and offices/security can be accessed as shown in figu&tdr cases are also
provided for vertical movement of user.

Meeting spaces are equiped with whiteboards, projectors, sound and wireless internet,
flip charts screens and special technical facilities and audio visual requirements to suit

the user's needs.

90



Figure 6.6: Ground floor plan of proposed conference centre

The first floor consist of thébrary, four meeting/seminar rooms and two conference

halls.halls as seen in figu@7.

Figure 6.7: First floor plan of proposed conference centre

The second floor consist of tipeivate lounge, manager's office, boaodm and four

conference halls as shown in figure 6.8
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Figure 6.8: Second floor plan of proposed conference centre

Throughout the entire design of the building, day light, natural ventilation and
materials of the building envelope playvédal role as seenn figure 6.9.With
materials of high thermal performance, sufficient day light and good quuiliayr
present in the building, the use of mechanical means of ventilation, cooling, and

lighting is drastically reduced.

LIGHTING AND VENTILATIONAT Daprermen gt
SECTIONXX P
i X Selar méation
m - B — i & rechice the
\ L &  getting tothe vall
— -
- " )

Figure 6.9: Sustainable strategepplied

D. Safety
Fire is one of the greatest risks in every building. For this reason, efforts are made to

limit the fire risk with the aid of corresponding fire protection regulations and loss
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prevention measures. Fire compartments are adopted. Partition walls are made of non
combustible materials andust reach right up to the structural ceilinigporwaysare

sealed with tightly closin§re resistant doors

Stairwell walls are made of fineesstant walls of norcombustible materials installed,

which will trigger a fire alerts on the buildings central control panel.

6.4.6 Acoustics

The auditorium is completely protected from any external and internal sound. Bricks
in wall which is good at exaling external sound was used. High ceilings was also
used in order to provide longer reverberation tideoustic panels were used in the
ceilingsto reflect sound back to the listeners without eahd use of acoustical doors
equipped with heavy duty hdware and seals to prevent noise leak&ggure 6.10

illustrates sound reflection from the ceiling shape.

.
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proscenium
height

(N
el
[Lh
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Tt air volume,
ST i kel oyt e iLh theatre 4-5m3,

Jwa an it opera 6-8m?
per spectator

orchestra

Figure 6.10:Ceiling shape and sound reflection
Source: Neufert (2000)

6.47 Insulation
Heat naturally flows from a warmer to a cooler space; insulation provides resistance
to heat flow, thereby reducing the amount of energy needed to keep a building cool in

the summer.
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6.48 Materialsand finishes

Building materials were chosen giving caiteiation to daylighting opportunities,
solar gains, cooling loads, glare and other aspects such as efficiency, embodied
energy, environmental impact and durability.

I.  Clay bricks in concrete render

Plate LI: Clay bricks
Source: http://www.buildingmaterials.org

Clay bricks in concrete render is known for its good thermal qualities, it is
recommended because it has a good thermal capacity, high timendagood
compressive strengthit can reduce total heating or cooling energy requirement by
about 25%.

ii. Polished precast concrete goerforated precast concrete panels are used for

walls

Plate LII:

94


http://www.buildingmaterials.org/

The thermal mass inheretd precast concrete lends itself to energy efficiency and
reduces the heating and cooling peaks and loads; often necessitating less costly
mechanical system.

iii.  Double glazing, low emittance coatings, blue tints aluminium frame windows

Window Technologies

Energy-efficient window technologies are available to
produce windows with the U-factor, SHGC, and VT
properties needed for any application,

Low-E and/or
solar control coating

Gas fill

I".. Double panes

Sash \

sill

Apron/flange

Weatherstripping

Plate LIll: Double dazing, low emittance coatings, blue tints aluminium
frame windows

This glazing type allows for increased window area without sacrificing thermal and
visual comfort of the interior space€ompared to standard windows, the Rhigh
performance model reduces heat losses and heat gains through the windows by 30 to
50% (Eubanks, 2007t her benefits incl udiacredssed gni f i
thermal comfort, reduced noise transmission, redwogdiensation (fogging), and
reduced fading of fabrics from UV [ultra

iv.  Translucent glass for atrium

~—

Plate LIV: Translucent glass
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Translucent glass is available as standard in nine colours from clear, ice and opal,
orange to blue, green and bronze colours as well as grey and silver. Its nature allows
for daylight penetration and outflow of hot air.

v. Solatube daylighting system

Plate LV: Solatube daylighting system

Solatube daylightingsystems are devices which harness and transfer natural light
from the sun.They capture sunlight on the roof top, redirect it down a highly
reflective shaft and then diffuse an abundance of pure natural daylight throughout the
interior spacelt is naturdly bright, free and, contrary to a light bulb, newerns out.

This systems operate using solar energgnce,they reduce reliance on electricity,
lessen the impact on the environment, and cost little to nothing to operateallow

for run lengths oer 30feet to deliver sunlight to lower floofBhis was used in my
design to reduce the need for artificial lighting.

vi.  Shadingdevices

Plate LVI: Wall and window shading
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Shading of walls and windows reduces the total amount of heat that enters into a
building. These shading devices intercepts, absorbs and or reflects solar radiation

before it reaches the surface of the building envelope.

6.49 Renewable Energy Supply

Photo voltaic solar panels are used to generate electricity to help meet a portion of
electricity requirementAccording to Kogi (2007), the estimated peak power output of
1000mm x 670mm is 40watt&rom this design the total area covered by the PV
panels is approximately 108m. The estimated power output is as follows;

Area of 1 module 9.67sqgm = 40w (power output)

Area of panel coverage = 1080sgm

Number of module in panel coverage area =
1612 panels

Hence the total power output generated by the PV panels in the conference centre is
=1612panels¥ Owatts = 64480w & 64.48kw [N 1kw]
. 0. Tot autput p 64siBni [b 1kw]

For the purpose of this desigopmpact fluorescent light tubes which are energy
saving are used. 45w and 23w decorative ceiling mounted light fittings ardaused

the halls and office spaces respectively and air conditioning systems which consume
2000w are usedlable 6.2 shows the amount of brigthness in lumes you can expect
from different wattage light bulbs

Table 6.2:Different Wattage Light Bulbs
Incandescent Watts CFL Watts LED Watts Lumens (Brightness)

AN 1) 3 (
‘?‘.r} - ?_; '
60 13
75 100 1
{ - 10U i e
V4

30 - 55

Source:Energy efficient lighting2014)
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From the design, the estimatedmber oflighting and HVACwattageis expressed in
table 6.3as follows:

Table 6.3: EstimatedNumber ofLighting and HVACSystems

S/NO | FUNCTIONAL UNIT NUMBER NUMBER OF | HVAC
OF UNITS LIGHTING
POINTS/UNIT
1 Auditorium A 1 50 8
2 Auditorium B 1 40 6
3 Banquet hall 1 40 6
4 Conference hall A& D 2 6 1
5 Conference hallB & C 2 12 2
6 Conference hallE & F 2 8 1
7 Exhibition hals A & B 2 8 1
8 Meeting rooms A & B 2 6 1
9 Meeting room<C & D 2 4 1
10 Multipurpose hall 1 60 8
11 Entrance Foyer 1 8 1
Reception
Waiting area
12 Circulation spaces 3 8
13 Prefunctional area 3 4 1
14 Kitchen 1 12
15 Library 1 12 2
16 Utility room 6 1
17 M/Director 1 2 1
18 Secretary 2 2 1
19 Event manager 1 2 1
20 Security 1 2 1
21 Control room 1 2 1
22 Mech. control 1 2 1
23 Projection room 2 2 1
24 Sound control booth 2 2
25 Toilets 6 2

Source:Author's research (2014)
Total approximate value of electricippnsumed in the interior of the facility of the
conference centre is 15210w ( 15.21Kw) for lighting and 110000w (110.00Kw) for
cooling, a total of 126130w (126.13Kw).
If the peak power generated by the PV panel is 64.48Kw, then the
percentage reduction @lectricity consumption based on the use of PV panels is:

(64480/126130 ) x 100% = 51.12% ~51%
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Battery banks are also used as back up to provide electricity and generators are

provided to charge these batteries.

6.410 Modelandsimulation

One of the aims of this research is to find out the extent to which sustainable design
strategies were applied in conference centre design and their effect on energy
efficiency. Consideration was placed on the building envelope because it has
significant dfects on cooling and lighting energy use. Hence from the three case

studied, a comparable study applying existing and recommended materials to the
building envelope was carried out on a model to determine its percentage reduction in
cooling and lightingdads using ECOTECT software. Tal@l€ shows the result of

the analysis.

Table 6.4 Simulation results

SETA SET B: SET C: SET D: SET E:
DEFAULT WINDOW WALLS ROOF RECOMMENDED
WALL Concrete block Brick Brick concrete wall
plaster concrete plaster
wall plaster
FLOOR Concrete slab of Concrete slab tile of
ground ground
WINDOW Single  glazed Double Double glazed low H
alumframe glazed low alumframe
E
alumframe
ROOF Corrugated Clay tiled| Clay tiled roof
metal roof roof
DOOR Solid core pine Solid core pine
COOLING 6155165 4977536 | 5486316 | 4723457 | 2875366
LOAD (WH)
RIVF;ERENCE 1177629 | 668849 | 1431708 | 3279799
PERCENTAG 19.13 10.87 23.26 53.29
E(%)

Source: Simulation and data done by self elaboration with the software ECOTECT
for a cubicle of square shaped floor with the climate data of Lafia. Nigeria.

From table6.2 The simulation was ran five times, the first one was a default analysis

called SET A whichcomprised of the conventional building materials taking note of
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the materials usedh the case study. In SET B, C and D, all the materials were kept
constant except the window in SET B, walls in SET C and roof in SET D. All the sets
have various percentagkecrease in cooling energy loads. In set E, all appropriate
materials were used and a 53.29% reduction in cooling load was recorded. Hence
these and other materials with higher energy performance can be recommended for a

building in a hot humid climate.
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CHAPTER SEVEN

SUMMARY AND CONCLUSION
7.1  Summary
The aim of this research was to explore the concept of sustainable design strategies in
an attempt to enhance energy efficiency in conference centres, this was achieved by
having anin-depthreview of sustainable design strategies, energy efficiency factors
and their application in conference centres, investigating the extent to which these
strategies were applied in conference centre designs and finally, a demonstration
showing the pplication of these sustainable design strategies on a conference centre
design in a warm humid climate.
The sustainable design strategies include use of low energy materials for the building
envelope and its components, full use of daylighting in allsast@&liminate the need
for supplementary artificial lighting during the day timese of open floor plan
system to enhance air circulatidi, avoid air conditioning in areas during periods
where natural ventilation is adequate and only human comfoeaqsired, use of
shading devices where necessary and proper orientation of the building on the site.
Figure 7.1 shows the relationship between architectural requirements, energy
efficiency factors and the results obtained if sustainable strategies aredappli

appropriately.
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STRATEGIES RESULTS

ARCHITECTURAL Silillg and pl;umin;z, ~ Appropriate landscaping to shade building Can reduce ambient air temperature
REQUIREMENT Interwoven landscaping Can help mitigate urban heat island
Site and external spaces Reduce heat flow in building
FPosition building so that longer sides are on E-W
Bui]ding orientation axis. Minimize impact of sun on the building

Designing with climate
Local climate

Use of atrium To induce stack effect
COHCCP( dCSigll 3 Reduced depth of interior spaces Reduce lighting energy use
Use of large openings on North and south walls ~ To prevent glare
Daylighting Use of light shelves Reduce cooling energy use
Use of windows
Natural ventilation
Use of form with large surface arca Favours ventilation and heal emission
Building shape and form
Use of buffer zones To shade during summer and allow
Wall and window shading Use of trees e.g Chitalpa tree passage of light and heat during winter
Horizontal and vertical shading Absorbs and reflects solar radiation

ENERGY EFFICIENCY € Resources .
REQUREMENT

xternal walls Reflects light and heat from the building
“refe Allows free air flow and lighting

Has good thermal properties to help keep

building cool

Material selection

Energy source

Gives adequate light with reduced heat

penctration
Usc of solar panels Reduce demand on electricity, reduce cost,
Use of natural means reduce carbon emission

Figure 7.1: Relationship between architectural design requirement, energy efficiency
requirement and results gotten from strategies applied.

Site analysis and documentation of the study area was conducted, which forms the
fifth chapter.
A design report which consist of the design brief, schedule of accommodation, design

concept and design considerations form chapter six of this thesis.

7.2  Conclusion

The guest to achieve thermal comfort within a building is the primary reasom why

|l ot of energy i s c¢ons umaldtage. hisiisirge becéwse b ui |
most electrical and mechanical devices within the building usally used dr

adjusting interior conditions to suite the useBeductions made from various
literature shows that the application of sustainable design strategesduce energy
consumption in a buildingthis will maximize occupant health and comfort and
minimize energy use by relying less on mechanical and electrical systems.
Furthermore, it is intended tachievehigher standard of energy efficiency without

sacrificing thermal comfort.
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7.3  Recommendation

Bu | dings should be made to maximize the
possible orientation for functional areas. Shading devices should be introduced to
those areas that face severe heat collection from the sun path or such walls should be
insulaed to reduce heat emitted into the building.

Issues of sustainable planting and landscaping should be considered by planting more
trees and grasses to enhance the cooling of the immediate enviroBuiding

materials should be of high thermal perforrmaim order to reduce heat gain.

7.4  Contribution To Knowledge

1. The study established thiie application obustainable design strategies such
as proper building orientation, appropriabeilding envelope materials
landscaping and shadimgn reducéhe energy ofcooling loadsn conference
centres byp329%.

2. The research demonstrated that the combination of building materials such as
clay bricks in concrete render and perforated precast concrete panels used
effectively in a design helps to reducéulding's cooling energy loadvhile
perforated concrete panels allows natural ventilation and lighting which in turn

reduces lighting energy load in a building.

103



REFERENCES

Agboola O. P. (2011)mportance of climate to architectural designs Migeria.
Department of Architecture Osun State College of Technology,- E3ke,
Osogbo, Osuistate

Ahmed, M. O. (2012).The Application Of Ec@rchitecture To Enhance Energy
Efficiency In The Design Of AResort Hotel For Silverbird, Abug.
UnpublishedMSc thesis, Department of Architecture, A.B.U. Zaria.

Binggeli, C. (2003)Passive solar and low energy housingdpgimization.Retrieved
from http://www.arch.hku.hk/research/BEER/sustain.htm

Bristol City Council. (2006). Sustainable Building Design and Construction
Supplementary Planning Document Number 5, 2006, sustainable city team.

Ching Sin, T, Mohd Sood, S.& Yow Peng, L. (2011)Sustanability Development
through Energy Eftiency Initiatives in Malaysia.Green & Energy
Management

Clausen, G., Fernandel,, De Gids, W., Bouw, T., Delmotte, C., Hanssen,.S.,
Wouters P. (2003)Ventilation, Good Indoor Air Quality and Rational Usk
Energy Joint research centreinstitute for health & consumer protection
physical & chemical exposure unit.

Department ofVeteran Affairs (2007). Sustainable design and energy reduction
manual

Doyle, A. (2011). Meetings Architecture is Changing How Conferecneeatres o
businesssuccessful meetingRetrievedSeptember 23, 2011.

Eubanks, E. (2007Built Environment Image Guide Sustainable Design Principles
San Dimas Technology & Development Center San Dir@Gasifornia April
2007

Ghani, F. (2012).Issues in Sustainable Architecture and Possible Solutions
International Journal of Civil & Environmental Engineering IJGHENS

Vol: 12 No: 01

Green Building Platinium Serie@010). Building Planning and Massind3uilding
and Construction Authority, Singapore. ISBN 99&1-08-53136

104


http://www.arch.hku.hk/research/BEER/sustain.htm

Grierson, D. (2009)Towards Sustainable Building Design, Design Principles and
Practices:An International Journal, Volume 3, Number 3, 2009, ISSN 41833
1874.

Grierson, D. & Moultre, C. (2011).Architectural Design Principles and Processes
for Sustainability:Towards a Typology of Sustainable Building Design. An
International Journal, Volume 5, Number 4, 2011, ISSN: 18331.

Guyer, J. P. (2009Principles Of Sustainable Desidfor Buildings: Introduction to
Sustainable Design for Building8. Greyridge Farm Court Stony Point, NY
10980

Harris, C. M. (2006)Dictionary of architecture and constructioRrofessor Emeritus
of Architecture Graduate School of Architecture, Plannarg] Preservation
Columbia University

Hernandez, L. J(2011). EnergyEfficient Architectural Design As A Response To
Ozone Depletion And Climate Changéepartment of Architecture,
University of Guyana Presentedat the Regional Technical Meeting on
Refrigeration Grand Coastal Inn, Le Ressouvenir, East Coast Demerara,
Wednesday, March 30, 2011

Howell, M. K. (2008).ldentifying building envelope problemBCI, Inc 800828
1902, www.rcionline.org

Hui, S. C. M. (2002).Sustainable Architecture an@&uilding Design (SABD);
http://www.arch.hku.hk/research/BEER/sustain.htm

Hui, S. C. M. (20079). Energy efficiency in buildingsLecture delivered to the
department of architectureniversity of Hong Kong.

Hui, S. C. M. (200B). Sustainable building technologies for hot and humid climates:
Invited paper for the JointHong Kong and Hangzhou Seminar for Sustainable
Building, 21-:23 September 2007, Hangzhou, China.

IAC Report, (2009). Bergy demand and efficiency

lwaro J. & Mwasha, A. (2013Y.he impact of sustainable building envelope design on
building sustainability using Integrated Performance Mod&épartment of
Civil and Environmental Engineering, St. Augustine Campus, University of
West Indies, Trinidad and Tobago

Jhaveri A., Springuel Y., Aia (American Institute of Architedisggnds: The New
Wave In Conference Centre Design.

105


http://www.arch.hku.hk/research/BEER/sustain.htm

Kesik, T. (2000) fiPerspectives on Sustainabiity adadian Architect.
www.cdarchitect_com/ (Accessed 2603-30)

Kwok, A. & Grondzik, W. (2007).The green studio handbook: Environmental
strategies for schematic desigdxford, United Kingdom: Elsevier Inc.

Labrie, M. (2009).Passive Design ToolkitBest PracticesCity of Vancouver.

Lechner, N. (2001)Heating, cooling, lightingdesign methods for architects. 2nd ed.
New York: Wiley & Sons.

Lenhart, M. (2007)Better by DesignMeetings Eastpp. 3233.

Moh'd, U. P. (2010).Convention and Exhibition Centre Kaduna; Use of high tech
architecture in the design of convention and exhibition cemtrgaiblished
MSc Thesis, Department of Architecture, ABU Zaria.

Moskow, K. (2008). sustainable facilities Green Design, Construction, and
Operations.

Murphy, L. A., (2010)The Greening Of Venufonline]
http://www.expoweb.com/article/greenivgnues[Accesil4.04.2011]

Neville, C. (200). An Introduction to research and Research Methods.
Neufert, E &Neufert,P. (2000) Architect's dataThird edition.

Nicholson, P. (2005)Green Design vs Sustainable Design Green Design vs.
Sustainable DesigRead morehttp://www.dexigner.com/news/4166

Nicklas, M. (2008).Daylighting Strategies That Maximize Benefithe following
article was published in High Performing Buildings, Spring 2008. American
Society of HeatingRefrigerating and AkConditioning Engineers, Inc.

Oluigbo S. N. (2010).Context and application of case studies in architectural
research Paper presented to staff and students of the department of
architecture. A.B.U Zaria

Palich, N, Ramachandran, L& Moxham, S. (2011). Sustainable design strategies:
City of port Philip.

Professional Convention Management Association, PCMA, (2@dfjvention
centre® Thinking Outside the Big BAXMM5 Postscript Number 20

106


http://www.expoweb.com/article/greening-venues%5bAccess
http://www.dexigner.com/news/4166

Reardon, G McGee, C, & Milne, G. (2008).Austr al i ads gui de
sustainable homes. Retrieved from
http://www.yourhome.gov.au/technical/fs48.html

Sassj P. (2006) Strategies for SustainabkerchitectureOxford, Taylor& Francis
Samuel, (2011) Sustainable Design Principles for Every Architect

Schwarz,V. (2009). Environment and energgromoting Energy efficiencyin
buildings Lessons Learned from International Experience. Copyright ©
UNDP 2010

Skelton, C. A. (2010)DemandAnalysis AndViarket Overview FolA Conferencing
Facility. Hospitality Advisors Consulting Group. 4Huron View Boulevard
Suite 104

Smith, P. (2003)Sustainability at the Cutting Edgarchitectural Press, Oxford

Sosa, M.LE.Y & Siem, G. (2004). Criterios de Disefio paedificaciones
energéticamente eficientes en venezUuRévista de la Facultad de Ingenieria
FIUCV, Volume 19N 3,Page 21, Caracas, 2005.
http://revele.com.ve/programasdice/[ Links ]

Sosa,M. E. (2007).Facades design strategies in a wahmmid climatdo reduce
thermal loads in Venezuelan building®evista de la Facultad de Ingenieria
Vol.22 no.4Caracas2007 ISSN07984065

Subramanian, N(2007). Sustainability7 Challenges andsolutions The Indian
concrete journal.

US environmental protection agency; (208djstainable Design and Green Building
Toolkitfor local government€£PA 904B10003 June 2010

U.S. Green Building Council. (2003An Introduction to the U.S. GredBuilding
Council and the LEED Green Building Rating  System
www.usgbc.org/Resources/research.asp

Uyigue E. Agho, M. and Edevbaro, A. (2007Promoting Renewable Energy And
Energy Efficiency In Meria© CREDC, 2007Secretariat.90 UseluLagos
Road, Opposite Zenith Bank P. O. Box 11011, Benin 300001, Edo State
Nigeria.

Valetino, S. (2006)Conference Center DesigArticle Source:
http://EzineArticles.com/?expert=Steve Valentino

107

t

o


http://www.yourhome.gov.au/technical/fs48.html
javascript:void(0);
http://www.usgbc.org/Resources/research.asp
http://ezinearticles.com/?expert=Steve_Valentino

Veal, A. J. (2006)Research Methods or Leisure and TouriSimrd Edition. London:
prentice Hall.

Williams, E. D. (2007).Sustainable DesigrnEcology, Architecture, And Planning.
Donald Watson, FAIA

http://www.buildingmaterials.orgRetrieved 28/02/2013

Zamzuri N. H., Awang K. W.& Samdin Z. (2011Environmental Issues in Meeting,
Incentive, Convention and Exhibition (MICE) Tourism Se@60d1l 2nd
International Conference on Business, Economics and Tourism Management
IPEDR vol.24 (2011) © (2011) IACSIT Press, Singapore

Zhivov, A. Miller, J. Deru, M. Petermann, N. (20JAljiance to Save Energy
USACE Engineer Research and Development Ce{N&EL)

108


http://www.buildingmaterials.org/

APPENDIX 1: CASE STUDY CHECKLIST

APPENDICES

S/N | Variables Checklist Level of Remark
application
213|415

1 | Building | Suitability of the

envelope | materials to the climate
Use of externa
insulation
Use of smooth surfac
finishes
Use of light colours

2 | Natural Wall to window ratio

lighting | (40%)
Use of spectrally
selected glass

3 | Natural Use of  openablé

ventilation | windows

4 | Site andl Use of interwoven

external | landscape
spaces Use of impervious
surfaces

5 | Building | Large building surface

form area

6 | Building | Sun orientation; BV

orientation
Wind orientation; SW
NE
7 | Wall/Win | Use of horizontal ang
dow verticalshading devices
shading | Use of interior blinds
Use of recessed walls
Use of overhangs
Use of plants
8 | Existing Use of PV cells
energy
source

Use of natural gas
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APPENDIX 2: INTERVIEW SCHEDULE

1. Whatconsiderations were made in the design of the building envelope which
enhances energy efficiency?

2. Were there any considerations made to achieve adequate daylight in the
center?

3. What strategies did you employ to achieve natural ventilation?

4. What strategiesvere employed to minimize energy consumption considering
the ratio of the built area to the open spaces?

5. What considerations were made during the orientation and planning of the
building to help maximize energy efficiency?

6. To what extent does the shape dodn of the building help to minimize
energy consumption?

7. What is the energy source of this facility and the consumption rates?

8. How sustainable is the current energy source of the facility?

APPENDIX 3: DESIGN

Appendix |: Basement Plaof the proposeduilding
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SECTION X-X

Appendix IV : Section X- X of proposed building
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Appendix V: Section Y- Y of proposed building
25mm mild steel Z{ecﬁon
Purlir'.s held- in [;alace bg | H 0.7 5mm gauge |cr'-g span
section angle Plate easstoppec corrugate aluminium roof
9mm thick mild steel } clamp ﬂashirg(to prevent water-
screew connection forthe steel sipping ﬂ’lraugh the roof_}oints)
Purlin to the roof
7 5x67x9mm steel queen
9OxE7x7 - 5mm thick post@l 200 centre to centre
mild steel tie beam
steel screwed with bolt 25mm mild steel bolt and nut
and nut to wall N Gn’der

screwed to hold the
connection strutto each
order with the angle cleat at
a Per.pendicuiarang|e 920°

frame members

9mm thick mild steel gusset
_Diatc connection forthe
steeijoineries and screwed

with boltand nut
150mm concrefe wallh

course supports for roof trix

N Grider.
Appendix VI: Detail at Bof theproposed building

Appendix VIl : Detail at Dof the proposed building
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