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ABTSRACT
Apparently, Nigeria is struggling with the developmental issues of the incessant
power outage and lack of energy services. The primaryceswf energy for
office building are from national grid and gasoline generators. However, the
former is not reliable and the latter is unsustainable; hence, the need to explore
energy efficiency strategies to cut down the energy demand for cooling office
building in Nigeria is unavoidable. This dissertatiammed to assess the energy
efficiency or performance index of the
the northeastern region (dry sthumid climate). The research employed a case
study approachconstruction of baseline model with the Revit architecture
software and applied Autodeskds Ecotec
the energy performance of the senate building as Aiitee local case studies
and one foreign case study wereestdd such as university administrative
building of Modibbo Adama University of Technology, Yola (MAUTECH),
senate building of Abubakar Tafawa Balewa University, Bauchi (ATBU),
university administrative building of Gombe State University, Gombe (GSU) and
the Chancellery office building of University Kebangsaan (UKM), Malaysia
Although, operating appliances release heat to interior spaces of the building but
the scope of the study deals with the performance of the building envelope as a
whole.In terms of dherence to the checklist, MAUTECH senate and AEBbe
scored 65%GSU got 78%while UKM got 94% The simulation results show that
in MAUTECH, as high as 141.4kwhfof heating/cooling required per annum;
ATBU senate got 127.3kwh/m2; GSU senate had 97nkéy UKM had
20.5kwh/nt Annual EnergyThese results have indicated that more efforts should

gear towards exploring energy efficiency strategies in office building designs



because the results are far away from the British standards of 15kwh/m2 for
energyefficient office buildingsThen, the proposed senate building incorporated
sustainable design features such as deciduous trees, double glazing, void, screen
walls, horizontal and vertical shading devices, water surfaates, after the
simulation it wasfound out that 22.67kwh/fi\nnual energyvhich is very closer

to the stipulated British standardI@wh/nt and68.92% reduction was achieved.
Therefore, research implication is that it is essential for the architects and
engineers to incorporate moreactive energy efficiency strategies in the design

of office buildings in Nigeria

Vi
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1.0INTRODUCTION

1.1Background to the Study

It is a common fact that electricity is the fundamental energy source for industrial,
commercialand domestic activity in the modern world. Presently, there are more

than 150 million people living in NigerigMcDonald Green, Balk, Fekete, Todd

& Montgomery 2011). Also,thei nst al | ed ¢ a paweriséctorisof Ni ¢
only capable of generatingaund 8@0 MW of electricity out of which only 4000

MW is operable and less than 2000 MW availablgeénerate energy (Ogunleye,

201). Thi s i s well bel ow al l economic proj
and business needs, despite government investofearound USD1 billion

annually in the sectdiBrimmo, Sodiqg, Sofela & Kolo, 20)7The World Bank

estimates that in Nigeria the per capita electricity consumption is 120.5 kWh;
Compared to the annual world average of 2803 kWh in Z@E¥mmo et al.,

2017).

Samuel, Katende, Daramola & Awelewg014) noted thatin Nigeria, the
transmission lines are radial and are overloaded. The switchgears are obsolete
while power transformers are poorly maintained. Overall transmission and
distribution losses are ih& range of 3M0%. The grid structure itself is unstable

and vulnerable to sabotage.

Moreover, some buildings are said to consume more energy than others; office
buildings consume a great deal of ener§gdrzadehrafiei, Sopian, Mat, Lim,
Hashim & Zaharim (2012) asserted that about -BDOkwh/n? of energy is
consumedby office buildings in NigeriaThe amount of energy used usually

depends on region or climate and the appliances that are used.



Therefore, reduction in the quantity of energy consumed statde; reduction
of energy consumption in buildings can be achieved by simple methods and
techniques using an appropriate building design and erméfigient system and

technology, such as passive cooling systdhmed, Khan, Than & Rasul, 2014)

Designstrategies that minimize the need for mechanical cooling systems include
proper window selection and orientation and day lighting design, selection of
appropriate varnishing for windows and skylights, proper shading of glass when
heat gains are not degiraise of lightcolored materials for the building envelope

and roof, careful sitting and orientation decisions and good landscaping design

(Ahmed et al., 2014).

On the other hand, if the existing institutional structures in Nigerian universities
were deggned with least focus on energy efficiency in the past, built environment
professionals especially practicing architects, engineers and students can still
change the direction of the practice to a more efficient whyenergy
conservation. AlsoFederal Wiversity Kastere (FUK), Gombe State, the location

of this research is one of the newly established federal universities where

researches can be explored and research findings can be put to practice.

University Senate Building is a structure built to sahe= central administrative
function in university campuses, design to accommodate offices, exhibition hall,
senate chamber, governing council chamber and other necessary facilities. The
university senate is the agency for the articulation and representéthe views

of the faculty(Kentucky, 2011)

However, despite the numerous benefits of passive cooling strategies practicing

Architects still linger between theory and practical application. As a result of that,



this research intends to evaluate passo@ing strategies as an intervention for
energy efficiency in the university senate buildimg Dry Subhumid climate;

this dissertation also intends to create awareness within the built environment
professionals to accept contemporary measures ofirgdanergy consumption

in university senate buildirsg

1.2 Problem Statement

Due to the incessantnstable nature of power supply by the Power Holding
Company of Nigeria (PHCN), most people rely on gasoline generators for power.
This has made buildings mecially offices to resort to alternative sources of
energy which increases their running cost. This also harbors other negative effect
such as air and noise pollution. Buildings in Nigeria are mostly poorly designed
in terms of utilizing passive designategiegqJibrin, 2016)which lead to increase

of the building running cost; the extensive use of gasoline generators as an
alternative source of power poses a great threat to the enviro(idaeotia, 2011,

Jibrin, 2016).

On the account of the above, this research intends to evaluate passive cooling
strategies as an intervention for energy efficiency in the design of university

senate building in Dry Subumid climate.

1.3 Justification of Study

The outcome of this research haild government policy in curbing the continuous
loss of energy due to inefficient usage; now that government is battling to ensure
stable power supply, researches should focus more on haenserve the

existing energy output



In addition, the findingswill be of immense importance to Federal University
Kashere (FUK), Gombe state of Nigeria as a newly established institution in the
area of research development. Built environment professionals especially
architects and engineers will also benefit frora tesearch and should take the
major findings of the research as a priority in handling all subsequent projects of
the university. Finally, the end users will benefit from the research because at the

end, theoccupants will hava thermally comfortable emonment

1.4 Aim and Objectives of Study

The aim of this research is to evaluate passive cooling strategies as an intervention
for energy efficiency in the design of university senate building in Dryt&umid

climatic zone of Nigeria. The specific objees of the study are:

i.  To investigatethe contemporarpassive cooling strategies for energy
efficiency in office building

i.  To identify energy efficiency assessment criteria in accordance with
passive cooling techniques for office buildings in Dry $wimid climatic
region of Nigeria

iii. To assess and simulate selected senate buildings for energy efficiency
based on passive cooling criteria within the Dry-8ulmid climatic zone
of Nigeria.

iv.  To compare the results of selected senate buildings in the DrliBat
climatic zone of Nigeria.

v. To demonstrate the research findings in the design of an energy efficient

university senate building in Dry S#tumid climatic zone of Nigeria



1.5Research Questions

The research questions for this dissertation are as follows:
I.  What are the contemporary passive cooling strategies for energy

efficiency in office buildings?

ii.  Whatis the energy efficiency assessment criteria based on passive cooling
strategies in office building in Dry Sthiumid climatic zone of Nigeria?

iii.  What are lte energy efficiency performance ratingk existing senate
buildings in Dry Sukhumid climatic zone of Nigeria?

iv.  Which of the simulated senate buildings is the most energy efficient?

v. How bestcould passive cooling strategies d@monstrated in the design

of university senate building.

1.6 Scope of the Study

The geographical area of Nigeria is so large that it is not easy for the researcher
to conduct a comprehensive research on all the university senate buildings in
Nigeria; moreover, as it is known thaeagraphical considerations do affect
practice, segmenting this study could, to a large extent enhance the reliability of
its findings. Thus, this study has been delimited to samieersity senate
buildings located within the Dry Stfumid zonesNorth-eas of Nigeria Data

will be collected through the case study approadh ttie help of visual survey,

checklist and simulation.



1.7 Significance

There were several researches about overalggrsaving methods for buildings

and there are various resdags about energy simulations focusing on various
particular passive energy saving measures. However, there is a lack of such
studies in terms oDry SubHumid Climate So the research highlights the
environmentaldesign of University SenatBuildings in the said climatein an
attempt to find solutions formproving energy conservationin addition, the
research will help toestablish better understanding about the interactive
relationship between the buildinggnvelop shape and the surrounding
environmentAlso the research helps to provide reasonedselts, as it depends

on usingsimulation program in order to optimize building energy performance.



2.0LITERATURE REVIEW

2.1Energy Efficiency

Energy efficiency is defined largely as cestective ways to reduce energy
consumption through existing and improved technologies as well as through
sound energy ug®actices (Batagarawa, 2013). The idea behind energy efficiency
is quite simple- if people consume less energy, there will be lessgom of
greenhouse gases aault of the burning of fossil fuel$his is especially useful

in developing countries where there are frequent power outages as well as lack of
energy services. Therefore, the utilization of energy is meant to be efficient,
sensibé and wise so that the purpose of sustainable development will become

manifest.

It is important for Nigeriads building
sustainable way now that recent researches centered toward reducing the level of
energyconsimption owingto the substantial growth of the building industries

(Aliyu, Dada & Adam, 2015) In the next sections of this chapter, energy
efficiency, thermal comfort, passive cooling strategies among others, are

discussed in the following sub sections.

2.2 Situation of energy supply in Nigeria

The energy crisis, which has engulfed Nigeria for alnmst decades, has been
enormous explainghe quantity of electricity generated, transmitted and
distributed in NigerigNnaji, 2010) seeFigure 2.1.The megwatts are certainly

too low, to be dependent upon, it is in this regard that this research proposes

energy efficient model for office building.
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discussed above, there are only two alternatives for building occupants: using gasoline
generators or passitechniquesThus, his dissertation is dedicated towardaluating

passive cooling techniques, whichsafer, sustainable and energy efficient.

2.3Energy Efficiency in Buildings

The triangle for low energy building design is shown in Figure 2.2. Ersargggs
in Nigeria will lead to personal income saving; reducing the building of more
power stations allowing the funds to be spent on other sectors of the economy;

improve access to energy; and decrease load shedding.
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Figure2.2 Triangle for Low Energy Bilding Design(source:
Haase and Amato, 2006)

As earlier stated budings contribute more than one third of total global
greenhouse gas emissions and consume more than 50% of energy in Nigeria;
therefore, Architects should explore and apply the existing research findings that
optimize passive coolingzlaiab (2014)lookedat some factors, which govern
energy consumption in buildings in which he believed designers need to consider
carefully in order to reduce energy consumption; these factors are illustrated in

Figure 2.3 and are briefly described in the next subsections.
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Figure 23 Factors Governing Energyo@sumption (sourcéElaiab, 2014)

2.3.1 Selection of site

Town planners control this factor while the architects are rarely able to have much
influence on allocad sites for developmerffysman, 2015;)this is debatable
because architects as the chief designers of the built environment, should be in the
forefront in selecting site for every proposed building. For example, an exposed
site with increase wind speed can increase ventilation rates and decrease surface
resistancegGivoni, 2011) Over20% increase in energy consumption may result

if the wind speed is high throughout the year, also elevated silelsewsolder

and nore subject to rain and mi@onan, 2015)
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2.3.2 Building shape and size

Thebigger surface area to volume the quicker it will lose heat, as it has a bigger
surface where the heat can rise and travel owt fif the volume is the same but

the surfacerea is smaller, heat will stay in for longer as there is only a small area
for the heat to escape from, meaning that the heat that dolestnot account for

the mass.

Theproduct of this research will inqoorate the above explanation which means
that the proposed senate building should have relatively big surface area to volume

ratio in order to make the building lose heat as soon as possible.

2.3.3 Use of building

Reduced internal temperature, which nmaguire the occupants to wear more
clothes, can save a considerable amount of en@ugynan, 2015 .) The
explanation deals with people in the temperate regions, thus it is the opposite that

concern people in the tropics.

2.3.4 Fenestration and orientation

Unobstructed windows facing south which are curtained at night gain
approximately as much heat from the sun during the hot seasons as they lose. On
other orientations, the gain is very much reduced and there is a net Iseat los
(Jibrin, 2016). The importance of fenestrations in relation to orientation cannot be
ignored in the product of this dissertation in order to optimize passive cooling in

the proposed senate building.

11



2.35 Energy and building form

Loonen, (2013ktatesthree forms of building type in response to climate, from
climate responsive through combinationclimate rejecting (Figure 2.4Moore
believes that in the past architects had to utilize the building envelope as the

principle mediator between exteriardhinterior environmental conditions.

This research is concerned with a form of buildings that described as a selective
mode which work with the environment even so it is not easy to achieve all the

points listed in his mode.

Climate rejecting
building

Combination

Climate adapted
building

Figure 24 Continuum of Building Climate &ponséLoonen, 2013)

Neverthel ess, Mooreds research seems
different verties of building formsCentral Public Works Departmergviewed

and develped a more detailed format of building forms and their corresponding

12



effects based on surface area to volume ratio of the buildingds illustrated in

Figure 2.5
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236Effea of sol ar radiation on buildingos

Radiation and temperature are both acting together to produce the heat
experienced by the surface. Therefore, architects must consider the direction of
their building in relation to the predominant climater Example, in the hot zones

under conditions of excessive heat, the orientation of building should decrease the
undesirable solar impact and in turn reduce the air conditioning requirements

(Alsousi, 2011)
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Figure 2.6illustrates the importance of site orientation in relation with energy
gain/loss in buildings. Vegetation and landform can complement passive solar
design. Howeverif poorly positioned in relation to buildings, tall vegetation will
reduce solar gain by overshadowing, and obstructing sunlight. Here ag&kepm

principles in dry regions:

i.  Shelterbelts should be orientated to the sawkt of development and
distance 3-4 times their mature height from south facing elevations.

ii.  Trees that will grow above the shadow line should be deciduous as they
allow sunlight to pass through when at a low angle in cold season and

provide beneficial shading in hot season.

The propsed senate building will take into account the different types of trees
and shrubs in relation to achieving indoor thermal comfort while at the same not
creating obstruction due to shadows. The Shelterbelts should be orientated to the

southwest of develoment and distanced8times their mature height from south

14



facing elevations. Also Trees that will grow above the shadow line should be
deciduous as they allow sunlight to pass through when at a low angle in cold
season and provide beneficial shadingahdeason. On the other hand, the longer
side of the building will be along eastest direction and the shorter side along

North-South direction.

2.3.7Effect of building height solar shading

Potential shading of the building caused by structures iodtdity needs to be
examined during the initial design stage. In an urban environment, it might not be
necessary to provide sun protection because neighboring buildiets cff the
sunsee Figure 2,7depending on different heighbf the neighboringwldings

(Waheeb, 2005)

Shading from
neighbouring building

r =
g i \2 / B -
= . - ~
. _ g .
s = —~ e
v -
By

_

Figure 2.7Sun Rotedion on all Sides of the dlding (Haase & Amato, 2006)

Muhaisen (2005Hyde (2000)Loonen (2013)Givoni (2011 and(Evans, 1988)
appoved that easiest orientations for solar shading are south and north, while the
hardest orientations for solar shading are east and west surfaces that because

angles are low. Figure 2d&scribe the different types of shading patterns.
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Figure 28 Various Shading Pattern (Sourteonen 2013)

The product of this dissertation will incorporate all of the different types of
shading ranging from screen wall, vegetation, surface texture and architectural

projections depending on the circumstances.

2.3.8Effect of solar radiation on height to width ratios

In a study byBreshears & Ludwig2010)explain, illustrates solar radiation for
different Height to Width ratios (H/W)ee Figure 2.90n the flat plan, most of

the absorbed solar radiation isresiated to the sky as longave radiation. In a
medium density of H/W= 1, most of the reflected solar radiation hits other
buildings, as well as the ground, until it is absorbed near or at the ground. For
higher densities of H/W= 4, most of the absorptideesaplace at a high level of

the canyon, reducing the amount of radiation that reaches the ground.

16



Figure 29 Solar Radiation for Bferent H/W ratios(Breshears & Ludwig, 2010)

The compartment ds the best, thefore this research will harness that because

for higher densities of H/W= 4; most of the absorption takes place at a high level
of the canyon, reducing the amount of radiation that reaches the ground. The
proposed senate building will tentatively be paghtwhite or with very light

colors, because much of the incident radiation can be reflected away from the
surface as described below above. In case of any surface on the proposed senate
building that is exposed to high levels of solar radiation in hobsesisould be

well insulated to reduce the transfer of heat.

An integrated design approach utilizes indirect radiation for day lighting and

avoids the heat of direct radiation by use of ligjitlves as shown in Figure 2.10

17
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|

2.3.9Energy and Building Materials

The materials of construction should provide adequate insulation and appropriate

thermal responsand it carbedivided into two namely:

i.  Opaque Materials

For comfort, air movement isssential and internal surface temperatures
should be kept as low as possible during the day and the (Aiglousi,
2011) Figure 2.1khows the route of sun heat into an opaque surface, this
route is different if the surfadgvall or roof) is insulated. On other hand,

if the surface (wall or roof) is umsulated, and if the element is thermally
massive, it will absorb the solar energy striking it and delay the entry of
this energy into the room for a number of hours. If thersufficient
thermal mass, it may delay the entry of energy until night time when cooler
outside air can be used to cool the structure. Yet, if the element is thermally
light the solar energy heats up the external surface and this energy is
quickly trangerred through the structure resulting in rise in internal air
temperature.

18
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Figure 2.11Solar Gain in Opaqueusface(Breshears & Ludwig, 2010)
ii.  Transparent Materials

The issue is compounded by the fact that windows do not let all of this
radiation intothe building. Figure 22 illustrates how glass indirectly

transmits far infrared from a heated room. The thermal radiation from the

room is absorbed by the surface of the glass.

colder
outside air

raeflaction

T radiation frem
- |f 'E | heated room

conwection
conduction
radiaticon

Figure 212 Transmission oSolar RadiationThrough Gass(Bresheas & Ludwig,
2010)

The transmission of solar radiation through standard windoss g&aillustrated
in Figure 2.13Some of the solar radiation incident on the glazing is reflected. The
fraction absorbed by the glass is dependent on the thickness angtiahsor
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coefficient of the glazing. The absorbed radiation is converted to heat, which

raises the temperature of the glass.

conduction
3 w‘b conwection

radiation

Figure 213 SolarStriking Gass; the transmission of far infea through glass
(Breshears & Ludwig, 2010)

However, theabove process is also affected b
window/blind systems. CIBSE also has proddke importance of the glazing

role on ther mal comfort to a buildingod:
principles briefly outlined below:

Comfort criteria dictate that there should not be more than 4K between any surface

and air temperature. Outside of this margin, extra heat is needed to compensate

for the increased feeling of discomfort.

i.  Inabuilding where the walls are well insulatkd temperature difference
between the wall surface and room temperature is minimal, but the
temperature differences between glazing and room temperature
(assuming an indoor room temperature of 21 K) can be significant
according to glazing type: Betweengl® glazing and air temperature can

be around 20° C.

20



Between doublglazing and air temperature will be around 8° C.
Between triple glazing and air temperature will be around 4° C (i.e. within

the comfort zone).

2.3.10Insulation used as a resistancééat flow; Mechanism of thermal mass

It is important, to understand the mechanism of thermal mass performance in order

to achieve the best possible results. Thermal mass, in the most general sense,

describes the ability of any material to store {&andes, 2015)For a material

to provide a useful level of thermal mass, a combination of three basic properties

is required:

30°C

15°C

High specific heat capacity tnaximizethe heat that can be stored per
kg of material.

High density tanaximizethe overall weight of the material used.
Moderate thermal conductivity so that heat conduction is roughly in

synchronizatiomwith the diurnal heat flow in and out of the building.

Internal temperature Internal temperature External

- with high thermal mass with low thermal mass - temperature

- Peak temperature
delayed by up to
six howrs

Up to 6-8~C difference
between peak external
and internal temperature

Day Night Day

Figure2.14 Stabilizing Effect of Chapter on Inteal TemperaturéZhao, Ma, Xu,

Thierng Zhu & Zhou, 201y
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Heavyweight construction materials such as brick, stone and concrete all have
these propertie§Zandes, 2015)Some materials, like wood, have a high heat
capacity, meamg that their thermal conductivity is low, which limits the rate at
which heat is absorbeske kgure 2.14. Steel can also store a lot of heat, but in
contrast to wood, steel possesses a very high rate of thermal conductivity, which
means heat is absorbadd released too quickly. This can be explained in two

ways:

i.  Insulation Location
A study by(Byrne & Ritschard, 1985)n three wall configurations. shows
that the wall with insulation outside always performed better than the wall
with insulation inside bthe mass. However, the relative performance of
the three wall types changed slightly with climate, buildilegign and

total wall U-value see Table 2.1

Table 21 Wall characteristics used inrulation (Byrne & Ritschard, 1985

Wall Mass wall with Mass wall with Mass wall with integral
characteristics insulation outside insulation inside insulation

Mass conductivity 0.86 0.86 0.05

w/m °C

ii.  Time delay vs. insulation position

Massive construction may provide the full solutias it may ensure comfortable
indoor conditions without any mechanical cooling or night heating. In addition,
the location of the insulation relative to the mass layer affects both the time lag of
the heat, flux through a wall and the ability of the waliss to dampen interior

temperature swings.
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2.4 Status of Passive Cooling Developments in Dry Sttumid/Bsh
Subtropical Steppe

Kdppen Climate Classification System states that climate is classified to Tropical
humid, Dry, Mild Mid-Latitude, Severe Midatitude, Polar. Architectural
suggestions for this kind of climate have been postulated by (Daroda, 2011) in
Table 22 Federal University, Kashere (FUK), Gombe state of North East Nigeria,
the site of this research belongs to Dry SBwimid/Bsh SubTropical Steppe
climate.

Table2.2 Climate and Suggested Design RespofSesrce: Daroda, 2011)

DRY SUGGESTED DESIGN RESPONSES
Use passive solar principles with well insulated thermal mass
Maximize night time coolingn summer.
Consider convective (stack) ventilation, which vents rising hot
while drawing in cooler air.
Build more compact shaped buildings with good cross ventilatiol
summer.
Maximize solar access, exposure to cooling breezes and co
drainage.
Protect from strong, cold winter and dusty summer winds.
Shade all east and west glass in summer.
Provide shaded outdoor living areas. Consider adjustable Shad
control solar access.
Avoid air-conditioning.
Use reflective indation to keep out summer heat.
Use bulk insulation for ceilings, walls and exposed floors.
Consider double glazing.
Use ponds and water in shaded courtyards to provide Evaporati
Cooling
Draught seal thoroughly. @sairlocks to entries.

2.5 Contemporary Methods of Passive Cooling

Passive cooling encompasses techniques for solar and heat control, heat
modulation and heat dissipation using naturally driven phenomena such as natural
ventilation, radiative cooling, eporative cooling and ground cooling
(Santamouris & Kolokotsa, 2013)Recent review papers (Givoni, 2011;

Santamouris & Kolokotsa, 2013) which collated individual studies from a broader
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spectrum of climatic regions agree that cooling strategies for bggdinould be

designed at three levels:

2.5.1Solar and heat protection techniques

The most effective method to save energy and cool the building in is to keep the
heat from building up in the first place (Givoni, 2011). Next sub sections discussed

differert techniques of solar and heat protection technigaedigure 2.15

Shading \\ Solar and heat _( Heat Modulation 7
> protection v techniques . .
exterior surfaces

\ 4
Heat Dissipation
techniques
= T2(Use of ground as heat tank
Evaporative cooling
Natural Ventilation

W’znd-d(;;’efr cross Buoyancy-driven Single-sided
ventilation: stack ventilation ventilation

Figure 215 Contemporary Methods of Passive Coolisgurce: Givoni, 2011,
Santamouris & Kolokotsa, 2013

a) Microclimate

The microclimate of an urban area can be modified byogpiate landscaping
techniques, with the use of vegetation and water surfaces, and can be applied to

public places, such as parks, p@yunds and streets (Givoni, 2011).

Microclimate can be categorized into:
I.  Vegetation
ii.  Water surfaces
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Despite the numets advantages of using courtyard for cooling, there is problem
of maintenanceWater surfaces within the building if not properly maintained
will erode thesurfaceof the paving in the areas. Therefore, this research will
carefully harness the advantagéstroducing water surface within the building

of University Senate Building of FUK to curb those problems.

b) Shading

Among all other solar passive cooling techniques solar shading is relevant to
thermal cooling of buildings especially in a developing couoiving to their cost
effectiveness and easy to implem@tamal, 2012) This technique was discussed

in the previous section.

2.5.2Modulation of heat gains
Heat modulation is associated with high thermal mass materialdyrlite and
concrete, in building structures that act as a storage for heat during daytime and

cold at nightRodriguezUbinas, RuizValero, Vega & Neila, 2012)

a. Insulation

The effect of insulation is to reduce heat gain and heat loss. This section was
previously discussed. However, it is worthy of note thae wf 40 mm thick
expanded polystyrene insulation on walls and vermiculite concrete insulation on
the roof has brought down spacenditioning loads of the RETREAT building in
Gurgaon by about 15%H1aasse & Amato, 2006)Air cavities within walls or an

attic space in the roof ceiling combination reduce the solar heat gain factor,

thereby reducing spaamnditioning loads. The performance improves if the void
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is ventilated. Heat is transmitted through thie cavity by convection and

radiation.

b. Thermal mass

Thermal mass has been discussed previously under insulation. However, it is
worthy of notice that,dr east facing walls a very short or very long delay is
generally best, however the latter requiregesy thick wall which may not be
practicable. For south facing walls a lag of around 1@ hours will delay the
midday heat until late evening/nig{®ivoni, 2011) The same delay or slightly

less (8 hours) is also suitable feest facing walls since there are only a few hours

to sunset. North facing walls have little need for a time lag as the solar gains are
small. For roofs exposed to solar gains all day, the time lag needs to be very long
to delay the penetration of heantil the evening. However, this is often
impracticable, as it requires very heavyweight construction, so the use of

additional insulation is typically a better option.

2.5.3Heat OssipationTechnique Remove internal heat)

Effective dissipation of the egss heat depends on two main-poaditions: (a)
The availability of a proper environmental heat sink with sufficient temperature
difference for the transfer of heat and (b) the efficient thermal coupling between

the buildng and the sink (Givoni, 2011).

i) Evaporative cooling

The air movement over a wetted surface causes some of the water to evaporate.
This evaporation results in a reduced temperature and an incvagsedontent

in the air (Santamouris & Kolokotsa, 2013).
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a) Direct Evaporative coolingTypical commercial evaporative coolers have an
effectiveness of 500%. The following alternatives are proposed in
chronological order:

1. An evapereflective roof to reduce passive cooling in buildings for hot arid
climates has been proposedien, Hamida & Anmar, 2004)

2. A direct evaporative cooler that operates either with natural wind flow or
with wind catchers is described (@iu & Riffat, 2006)

3. Water evaporative walls are proposedNtaticchia, D'Orazio, Carbonari
& Persico, 2010and(He & Akhira, 2010.

4. A wet porous cooling plate as a building wall is proposd€hen & Liu,
201Q Chen, 2011)where cooling is performed via evaporation of the

porous material.

Therefore, direct evaporative cooling can be considered a very effective solution

for hot ard arid climatic coditions, see Figure 2.16

I

HOT AND ORY
AR

4——/

HOT
AND

ORY ™S
AR

WATER
SUPPLY

Lo

b ]

.i
Eg{i'uu LSt
g

(

i SRR

B2 COOL AND HUMID 2

£ :

B =

H . WARM

= { i AND

=] i v )
3 0) R
; \ // F

161474

T
'i
|

Figure 216 Evaporativecoolers(Source:Santamouris and Kolokotsa, 2013)
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b) Indirect Evaporative coolingSuch systems require energy for the fan power
for the airflow. On the one hand this fan pvean be up to 20% less due to
lower air velocities required and on the other hand the main reduction of the
energy demand is attributed to the replacement of the conventional air

conditioning system.

i) Natural \entilation

The successful design of a natlyalventilated building which modern
architecture discouragé&eetha & Velraj, 2012)equires a good understanding
of the air flow patterns around it and the effect of the neighboring buildings.
Natural ventilation is classified as follows:
a- Winddriven cioss ventilation Wind-driven cross ventilation occurs via
ventilation openings on opposite ssdef an enclosed space. Figure Zh@ws
a schematic of cross ventilation serving a mdtm building (Givoni, 2011).
A significant difference in wind pressibetween the inlet and outlet openings
and a minimal internal resistance to flow are needed to ensure sufficient

ventilation flow.

Ventilation openings on opposite sides

Hf an enclosed space
Difference in wind pressure

Inlewvi minimal internal resistance to flow D

outlet

Remove the heat and pollutants

Remove the heat and pollutants
Inlet _ﬂ V \r_v outlet

Figure2.17 Concept of Wind Driven Cross VentilatiolySem(Source:
Kamal2012)
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However wind-driven cross ventilation is associated with challenges such as
uncontrollable factors like speed and direction of wind, can bring polluted air into
office buildings, strong winds can result to cooler temperature than cannot be

controlled.

b- Buoyancydriven stack ventilation Buoyancydriven stack ventilation or
displacement ventilation (DV) relies on density differences to draw cool,
outdoor air in at low ventilation openings and exhausts (Santasn&ur
Kolokotsa, 2013). Figure 2.1shows the schematic efack ventilation for a
multi-storied building. A chimney or atrium is frequently used to generate
sufficient buoyancy forces to achieve the needed flow. However, even the
smallest wind will induce pressure distributions on the building envelope that

will also act to drive the airflow (Kamal, 2012).

Ventilation openings on opposite sides
of an enclosed space

Difference in wind pressure Remove the heat and pollutants

InIe%al resistance to flow\ﬁnlet
Inlet Wl%l »

Figure 218 Concept of buoyancy yen Stack Ventilation $stem(Source:
Geetha & Velraj2012)

However wind-driven cross ventilation is associated with challenges such as: it

cannot control eterior temperature, it brings polluted air into the office buildings.

29



The proposed FUK senate building will incorporate this type of ventilation

becauseven the smallest wind will induce pressure distributions on the building

envelope that wilalso acto drive the airflow

c- Singlesided ventilation Singlesided ventilation typically serves single
rooms, and thus, provides acéb ventilation solution. Figur.19 shows a
schematic of singksided ventilation in a mukioom building. The ventilation
airflow in this case is driven by roestale buoyancy effects, small

differences in envelope wind pressures.

’ the driving forces for single-sided ventilation tend to be

relatively small and highly variable.
outlet outlet

room-scale buoyancy effects

Inlet Inlet
outlet outlet
Inlet Inlet
outlet outlet
Inlet Inlet

Figure 219 Concept of singksided ventilation system (source: Geetha &
Velraj, 2012)

Consequently, the driving forces for singlieledventilation tend to be relatilye
small and highly variabldt is worth of notice that, stack ventilation has less
disadvantages compared to other types and therefore the proposed senate building

for FUK would optimize this type ventilation.
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2.6 The needfor Senate Building in Federal University Kashere, Gombe

University Senate Building is a structure built to serve the central administrative
function in university campuses, design to accommodate offices, exhibition hall,
senate chamber, governing couralilamber and other necessary facilities. The
university senate is the agency for the articulation and representatieoéws

of the faculty (Kentucky 2011). Though recent debates suggest that senate
building should accommodate just more than offi¢&brin, 2016), limited
recreational spaces should be incorporated for staff refreshment; spaces like

gardens, kitchens and so on.

Federal university Kashere (FUK), Gombe is newly established universities with
many of its structures remain temporary. Thé&eV Chancellor and other
administrative staff huddled up in small buildings scattered around the campus
community. Researches should be realistic and problem solving in the society
(Usman, 2015,)thus this dissertation intentts answer that call by proposing a

climate responsive senate building for FUK.

At the end of this research, the students, teaching anteaching staff of FUK
will have a loud sigh of relief. The product of this research should be iconic and
achievedhirough research, and creativity; and it should go a long way in bringing
about effectiveness and efficiency in the decisitaking process of the

university.

2.7 Summary of Findings from Literature Review

In sums, chapter two has presented theories, ctseegm models of passive

cooling strategies as an intervention for energy efficiency in dryhsutid
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climate. It is evident from the above section that energy efficiency in buildings is
vital for many reasons. Having justified the needs for energy eftygié is now
important to focus on the basic principles that can bring about energy efficiency
in buildings of Kashere, Gombe. An extensive literature review consisting of
different journals, books, researches and related websites was undertaken to
estabish the basic passive principles for designing energy efficient office
buildings in dry sukhumid climate.

From the studied carried out we can deduce that, in order to achieve indoor
thermal comfort both energy efficiency strategies as well as climatenssp

design will have to be incorporated at the design stage.

Based on the discussion presented in the previougerhdipe theoretical frame

work for this research add be deduced as in Figure 2.20

Orientation
Energy Consumption
E P|anning .
ohading
Dependent Variable Independent Variable .
TR (Passive Coolng Techniques) o Meterial
Insulation
Buiding Envelope .
Buiding Form [Roof! Neted
— Isulation
Intervening Variable
Material
Window
Size

Experimental Research

Energy Efficiency

Figure 220 Research Theoretical FrameovK (Reseecher, 2016)
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3.0RESEARCH METHODOLOGY

3.1 Preamble

This chapter focuses on the methods for collection and analysis of data for the
study. Research methodology is the plan, mode or conceptuaustrad the
research and type approach adopted in theudly (Olaofe, 2010) This chapter
therefore, is a cleasut discussion on the scheme and research method selected
and used in conducting the stud®luigbo, 2011) and arranged under the
following healings: Research PopulationSampling TechniqueCase Study
Approach; Case Study Selection CriteS@&lectedCases to be studieResearch
design/Method; Procedure for data collection; Procedure for data analysis; and
conclusion.

Multiple methods of dta collection will be employed in the case studies using

visual survey, observation and simulation.

3.2Research Population

Orodho (2008) stated that specification of the population, to whicimthary

was addressed, affedecisions that researcherske both about sampling and
resources. The target population for this study constitutes all university senate
buildings within the Dry Sulhumid zones of Nigeria which is dominantly the
North East part of Nigeria, with States having similar climate chenatts. This

region includes places like Gombe, Bauchi, and Adamawa.

3.3Sampling Technique

Oluigbo, (201]) opined that cases arédentified for study due to their inherent

gualities which were in consonance with the phenomenderunvestigatiol he
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sampling method used was purposive, in which the buildings chosen possess some

characters under study.

3.4 Case Study Approach

According to Yin (2013), a case study is an empiricafjinry that investigates a
conemporary phenomenon within its real Identext using multiple sources of
evidences. A case study approach provides a mode of inquiry fordepin
examination of a phenomenon. The method of study for this research involves a
guantitative analysis of cases purposively seleatetl simulationCase studies

are based on the exploration of passive cooling techniques as an intervention for
energy efficiency in university senate building. The assessment will be carried out
through visual survey with the help of visual survey checklist, observation a

simulation.

3.4.1Case Study Selection Criteria

Oluigbo (201) asserted that for a case to be selected it must have certain
characteristics that are representative of the phenomenon under consideration.
Hence the criteria for selection of cases aredasehe university administrative
buildings located within the Dry Stiumid climate zone of Nigeria and with the
presence of elements contributing to passive cooling in the tropical climates.
3.4.2 Selected Cases to bauSiied

The cases to be studied lunde:

i.  Gombe State University (GSU); Administrative Building.
ii.  Abubakar Tafawa Balewa University, Bauchi (ATBU); Senate Building.
iii. Modibbo Adama University of Technology, Yola (MAUTECH);

Administrative Building.
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The selection of these cases is made in otdeaddress the issues regarding
cooling demand in university Senate buildings. The research is focused at
reducing the use of HVAC system and suggesting sustainable alternative means
through research to assess the effectiveness of passive cooling teshusgde

and measures to improve their performance.

3.5Research Design

This research adopts an exploratory, and experimental approach to frame the
answers to its research aim and objectives. § lsggroaches are classified by
Morgan, Gliner & Harmon, (2l) into:

i.  Individual differences (noexperimental)
ii.  Descriptive

iii.  Experimental

3.6 Dependent and Independent Variables

The dependent variables predicted are electricity consumption and thermal
comfort. Energy consumption is measured in Wiatirs whereathermal comfort

is measured in terms of indoor dry bulb air temperature and operative temperature,
both measured in degree Celsius. Dry bulb temperature is the most common index
for the pecification of comfort (Trebilock & Figueroa, 2014owever operate

indoor air temperature combines the effect of surface temperature of the wall
surface as well as air temperature and is considered more accurate.

The independent variables examined are classified into two groups. The groups
are Planning design varias and Building Envelope design variables. Planning

design variables examined are orientation and shading. Building Envelope design
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variables examined are Wall, Roof and Window/Glazitgwever,each of these
variables is categorized based on Material comept and Insulation. The details
of components of each Independent variable are in Appendix of this research

dissertation.

3.7 Methods of Data Collection

The task of data collection begins after a research problem has been defined and
research desigplan chalked out. Thprimary dataare those which are collected
afresh and for the first time, and thus happen to bénatig character (Oluigbo,

2011). Thesecondary datagn the other hand, are those which have already been
collected by someone else amdhich have already been passed through the

statistical process. The former constitutes method for use in this research.

3.7.1Visual survey

The use of visual survey in most case study research is due to its ability to obtain
inventory of static object (ostly facilities) requisite in understanding a context
of phenomenonY(in, 2013). Visual survewasused to record position of passive

cooling techniques in the cases being studied.

3.7.2Computer Simulation

Experimental investigations; Computer simulatitechniques, which grow in
popularity each year, were selected using computerized program such as
ECOTECT which provide reasonable results. The heating and coolingWaads
calculatedor each model. The results woudd evaluated in order to optimizesth

thermal behavior of the models.
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ECOTECT software is a comprehensive, conteqatetail sustainable design analysis
tool, providing a wide range of simulation and building energy analysis functionality that

can improve performance of existing buildirayed new building designs

Table3.1 General Information on Case Studies

General Information on Case Studies

Location MAUTECH ATBU Senate GSU Administrative
Administrative Building, Bauchi Building
Building, Yola
Latitude & 136480 N 1186570 N10P1706N
Longitude 12276360E 9%5006390E 11°1 06 E

Activity Period
Occupant s
Activities

Wall composition

Roofing Material

5 days a week fron
08:00am to 05:00pn

Mostly paper based

sandcrete block:
(225mm); internal
and external

rendering (12.5mm).
finished with
medium Ocher
Orange paint;3.11
U-Value; 3.97 Time
Constant (Hours)

0.75mm long span

5 days a week fron
08:00am to 05:00pn

Mostly paper based

Light pink sandcrete
blocks  (225mm);
internal and externa
rendering (12.5mm);
finished with vibrant
ocher yellow; 3.11

U-Value; 3.97 Time
Constant (Hours)

0.75mm long span

5 days a week fron
08:00am to 05:00pn

Mostly paper based

sandcrete blocks
(225mm); internal
and external

rendering (12.5mm);
finished with subtle
umber natural
brown;, 3.11 U
Value; 3.97 Time
Constat (Hours)

0.75mm long span

corrugated
aluminum
sheet subtle sul
yellow; no roof
ventilation; 0.89 U
Value; *hour time

corrugated

aluminum  roofing
sheet subtle spine
yellow; no roof
ventilation; 0.89 U
Value; *hour time

corrugated

aluminum  roofing
sheet finished
medium spinal mint
with roof
ventilation; 0.89 U

roofing

lag. lag. Value; *hour time
lag.
Window material single clear with single clear with single clear with
blind glazed blind glazed blind glazed
windows windows windows

Online energy, water, and carbemission analysis capabilities integrate with
tools visualize and simulate a building's performance within the context of its
environment. It calculates heating and caglilads for models and analyze
effects of occupancy, internal gains, infiltration, and equipment. Also, it visualizes

incident solar radiation on windows and surfaces, over any period. It displays the
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sunds position and pat hte,timel and iocaton. t o

Guidelines for using Ecotect are as follows:

I. Building energy simulatiosoftware

The main goal of this project was to determine the thermal performance of the
university administrative building. The most popular and advanced ationl
software that can be used for this type of analysis for office buildings are the
following: BLAST, BSim, DeST, DOR2.1E, ECOTECT, Eneiin, Energy
Express, Energ$0, EnergyPlus, eQUEST, ESPIDA ICE, IES/VES, HAP,

HEED, PowerDomus, SUNREL, Tas, ARE and TRNSYS.

ii.  Choosing an analysis method

The most important step in selecting an energy analysis method is matching
method capabilities with project requirements. The method must be capable of
evaluating all design options with sufficient accuracyrake correct choices.

The following facors apply generally (Rakl988):

a, Accuracy

The method should be sufficiently accurate to allow correct choices. Because of
the many parameters involved in energy estimation, absolutely accurate energy
predictionis not possible (Walt& Sharma,1992). Method of Test for the
Evaluation of Building Energy Analysis Computer Programs, was developed to
identify and diagnose differences in predictions that may be caused by

algorithmic differences, modelling limitationsoding errors, or input errors.
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I.  Sensitivity

The method should be sensitive to the design options being considered. The

difference in energy use between two choices should be adequately reflected.

. Versatility

The method should allow analysis of afitions under consideration. When
different methods must be used to consider different options, an accurate

estimate of the differential energy use cannot be made.

iii.  Speed and cost

The total time (gathering data, preparing input, calculations, and anafysis
output) to make an analysis should be appropriate to the potential benefits
gained. With greater speed, more options can be considered in a given time.

The cost of analysis is largely determined by the total time of analysis.

iv.  Reproducibility

The metlod should not allow so many vaguely defined choices that different

analysts would get completedfferent results

v. Ease of use

This affects both the economics of analysis (speed) and the reproducibility of

results.

3.7.3Selecting Energy Analysis Comigu Programs

Selecting a building energy analysis program depends on its application, number

of times it will be used, experience of the user, and hardware available to run it.
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The first criterion is the capability of the program to deal with the appicator
example, if the effect of a shading device is tahbalyzedon a building that is
also shaded by other buildings part of the time, the abiligntdyzedetached

shading is an absolute requirement, regardless of any other factors.

i- Complexity ofnput

Complexity of input is largely influenced by the availability of default values for
the input variables. Default values can be used as a simple set of input data when
detail is not needed or when building design is very conventional, but additional
complexity can be supplied when needed. Secondary defaults, which can be
supplied by the user, are also useful in the same way. Some programs allow the
user to specify a level of detail. Then the program requests only the information

appropriate to thatlel of detail, using default values for all others.

ii- Quality of output

This is another factor to consider. Reports should be easy to read and uncluttered.
Titles and headings should be unambiguous. Units should be stated explicitly. The
user 6 s mldexplaanlithe médnawnings of data presented. Graphic output can
be very helpful. In most cases, simple summaries of overall results are the most
useful, but very detailed output is needed for certain studies and also for
debugging program input during tharky stages of analysis.

Before a final decision is made, manuals for the most suitable programs should be
obtained and reviewed, and, if possible, demonstration versions of the programs
should be obtained and run, and support from the software suppdeldsbe
tested. The availability of training should be considered when choosing a more

complex program.
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iii - Availability of weather data

Weather data processing subroutine or program are major features of a program.
Some programs include subroutine or seppntary programs that allow the user

to create a weather file for any site for which weather data are available.

iv- Auxiliary capabilities

Economic analysis and design calculations, are a final concern in selecting a
program. An economic analysis may inauonly the ability to calculate annual
energy bills from utility rates, or it might extend to calculations or even to life
cycle cost optimization. An integrated program may save time because some input

data have been entered already for other purposes.

3.8 Analysis

The analysis conducted in this research is by the following methods:
The three techniques commonly used for electricity consumption analysis are
statistical (parametric and ngmarametric), artificial neural networks and

intelligent computerystems techiques Swan &Ugursal, 2009).

3.8.1Parametric analysis with computer simulations

The aim of the parametric analysis is to observe the response following a
modification in a variable. Parametric analyses are conducted for reasons
including the need to determin@®Valtz & Sharma,1992:

I. Which parameters require additional research for strengthening the knowledge
base,

thereby reducing output uncertainty?

Il. Which parameters are insignificant and can be eliminated from the final model
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[Il. Which inputs contribute most to output variability?
IV. Which parameters are most highly correlated with the output?

V. The consequence of changing a given input parameter

This investigation is concerned with point. Points3 have already been
establshed within the literature review and point 4 is outside the scope of this
investigation.

The parametric analysis is used to examine the consequence of changing a given
independent variable on electricity consumption and thermal comfort using
computer simlations. The steps are:

|. Define the model, its independent and dependent variables. This includes
defining the climatic profile

Il. Vary the values of each independent variable one at a time, in a rational and

Incremental manner using the whole bunfyl energy calculation software
EnergyPlus

lll. Record the corresponding value of the dependent variable
IV. Assess and compare the influences of each input/output relationship through

Statistical methods
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4.0RESULTS

4.1 Preamble

The findings fom case studies carried out have been discussed under the
following Sulheadings: Background information, passive cooling techniques,

simulation and discussion of findings.

4.2 Findings from Case Study A: Modibbo Adama University of Science

and Techndogy (MAUTECH) Administrative Building

MAUTECH senate building was designed by PPS department of the university

and commissioned in 2003; it is a box design concept where all offices open to
the central void in each of the three detached blocks. Thermin comprises

of three detached single story office buildings that are linked with a void at the

center. The building accommodates offices of staffs, senate chamber, governing

counci l chamber , VC6s office and ot her

4.2.1Passive cooling témiques

Passive cooling strategies used in the design of MAUTECH senate building
comprises of solar and heat control, heat modulation and heat dissipation using

natural phenomena. Assessments of each of the strategies are presented below:

a. Heat preventiotechniques

This section is very important because literature reviewed reveals that the first
step towards achieving comfort in buildings is to prevent the heat from building

up in the first place
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MAUTECH administrative building is assessed in accordatt orientation,

shading, landscape and use of light color as illustrated below:

Orientation: The building plan comprises of three detached square office
buildings that are linked with an open space at the center see Figunalfiof it

faces the solaradiation and the o#r faces nortfsouth see Figure 4,2here is
limited apertures in the exposed surface to sun path to prevent heat from solar
radiation intensity which causes high level of discomfort and encouraging the use
of active cooling systemsuch as air conditioner (AC) in order to balance the

effect due to overheating of the building envelop.

Figure 4.10rientdion of MAUTECH Administrative Building (8urce:
google 2019
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(EY (Tees
Figure 4.2Ground Roor Plan of MAUTECHAdministrative
Building (Source: Field study, 2016)

LandscapeThe site landscape is characterized with short trees, growing trees,
shrubs, grasses and arrangement of natural stones from thevidarvehicle
parking spaces with brick interlocks, interlocked walkways and driveways as part
of the hard landscap&he administrative complex faces the east which is
characterized by a dual asphalt drive way and hedges at the center. While vehicle
paiking spaces, shrubs planted around parking spaces, grasses and interlocked

driveway are characteristics of landscajlé@t east side, see Plate | and Il

Platel Administrative Riilding Facing East with gphaltDriveway and Few Brubs
(Source: Field study, 2016)
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Platell Asphalt Finished Open Space Linking the three Semidetacbegiéxes
(Source: Field study, 2016)

Platel and Il presented the west, north and south elevationeafehate building.
Different species of trees and grasses are the landscape features of the site. The
presence of vegetation on west side is very important as it diffuses sun radiation
from coming directly in to the building and humidifies th&roundingair, see

plate Ill and IV,

Platelll Soft Landscapé&om theSouthView (Source: Field study, 2016)

1 Shading:On all sides of the building, the dominant shading system adopted was

projected long roof parapet overhang whilk trees provide shading in the west,
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north and southThe solar radiation from angle sun is not blocked from the

interior.

PlatelvV Garden in the West Elevation foo@l Breeze(Source: Field study, 2016)

1 Use of lightcolors on the exterioryellow emulsion paint constitutes the color
applied at the external wall surface. Light colored material has high reflection and
low absorption properties. These properties are required in reducing excess solar
gain. The walkways ra made from interlocks while the parking spaces and

driveway fromasphalt

b. Heat modulation techniques

The heamodulation strategies identified in the field comprises of insulation and
thermal massAssessment of MAUTECH administrative building in ac@orce

to insulation and thermal mass are discussed in the subsections below:

1 Insulation: The attic space in the roof ceiling of the building of provides insulation
for the buildings in other to reduce excess heat gain. Roof structures has larger

exposed sdiace to solar radiation intensity therefore. The exterior walls are made
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from hollow sand Crete block with burnt brick finishes covering some part of the
building elevation

Thermal massThe material use for exterior walls are characterize as a low
thermalmass material. Sand Crete block has low mass that is subject to absorbing
and dissipating heat from the sun to the interior spaces and environment at a very
fast rate. Concrete has high thermal mass characterized with of absorption,
holding and dissipatioof solar heat gain. Concrete is used in decks and long roof

overhang.

c. Heat dissipation techniques

Heat dissipation techniques deal with the disposal of the excess heat of a building
to a sink characterized by lower temperature. The only heat dissigatdegy

used in MAUTECH administrative building is natural ventilation and is discussed
below:

Natural ventilation:There is average optimization of natural means of achieving
ventilation in the building. The backyard landscape with trees, grass andaithe
landscaping elements serve the means for exchange of hot air from the exterior
with cool air from the backyard.

Assessments of MAUTECH administrative building in accordance to the
checklist established from literature is summarized in table 4.daddM.the
checklists contain the detailed requirements of each of the three major energy
efficiency strategies such as heat protection technique, heat modulation technique

andheatdissipation technique
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Table4.1aResultof Checklist used for the gsessment d?assive Goling Strategieson

MAUTECH AdministrativeBuilding (Source: Author, 2016)

Passive Passive Requiremert Level of Reflection Remark
cooling cooling 1

Principles  Technique

Heat Orientation -shorter side of the building From
prevention Should be exposed to st assessment
techniques path. based on leve

-design  narrow  building
forms with longer walls
oriented to cooling breezes.
-adopt eastvest orientation.

Landscape -extensive use of sof
landscape in the
ervironment.

- Use of shrubs or othe
plantings to shade pave
areas.

-Use of tall trees to providt
shade forfie building againsi
direct solar heat gain.

-use of grasses as groul

cover to improve
evaporation.
Shading - use of building mass tc X

produce shadow/shade

-use of long overhang alon

sun path. X
-balconies and window X
recesses.
Use of -use of lightcolor surface
light- finishes on  walkways,
colored driveways and other har

materials.  landscape elements.

-use of lightcolored roofing
materials

of reflection of
orienfation on
passive
cooling
(A.=8/15)

From
assessment
based on leve
of reflection of
landscape or
passive
cooling
(A=11/20)

From
assessment
based on leel
of reflection of
landscape or
passive
cooling
(A=7/20)

From
assessment
based on leve
of reflection of
landscape or
passive
cooling
(A=6/20)

5=Very Strong 4= Strong 3= Average 2= Weak 1= Very weak
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Table4.1bAnalysis ofChecklist used for the #sessment dPassiveCooling

Techniques © MAUTECH Adminidrative Building (Source: Author, 2016)

Passive cooling Passive cooling Requirements Level of Reflection  Remark

Techniques 1 2 3 4 5
Principles
Heat Insulation -provide ceilings in all From
modulation offices to insulate fromr assessment
techniques the heat generated insic base on
roof space. level of
-provide roof reflection of
ventilation. insulation
-use of wall tiles onhte material on
external surfaces passive
maximize wall cooling
insulation. (A=8/15)
Thermal mass -compact planning of The
buildings to minimize assessment
heat gain. shows level
of reflection
-use of building mirial of thermal
with high thermal mas: mass on
for  construction of passive
external walls on eas cooling
and west elevations. (A=6/10)
Heat dissipation Natural -positioning of openings The
ventilation to take advantage « assessment
techniques prevailing wind. shows level
of reflection
of  natural
ventilation
on passive
cooling
(A=18/25)

-windows should be
located for maximum
cross ventilation in eacl
room.

-use of larger opening
along south facade.
-use of large courtyarc
to provide cool breezes
-use of windows with
maximum open area.

5= Very Strong 4= Strong 3= Average 2= Weak 1= Verykwvea
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4.3Findings from Case Study B: Abubakar Tafawa Balewa University,

Bauchi (ATBU) Senate Building.

The senate building is a two story structure designed by Capital Projects

Consultants built on the university main campus and commissioned around 2008
to serve as the central administrative building. The structure was designed by
Capital Projects Consultants to accommodate offices of staff, head of security and
senior administrative officers. The council chamber as well as the VCs office is

located on thesecond floor alongside DVC admin, DVC academics and Audit

section. Staircases are the main means of vertical transportation.

4.3.1Passive cooling techniques

Passive cooling strategies used in ATBU senate building comprises of solar and
heat control, heamodulation and heat dissipation using natural phenomena.

Assessments of each of the strategies are presented below:

a- Heat prevention techniques

Heat prevention techniques assessed in this study comprises of orientation,
landscape, shading and the uségtit-color surfaces on the exterior as discussed

below:
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1 Orientation: The building comprises of four squdecks of offices connected

to each other around a central void, see figure 4.3.

Figure 4.30rientation of ATBUSenateBuilding (Source;google arth, 2016)

The square blocks of offices with their shorter sides facing atings illustrated

in figure 4.4; the sides exposed to the direct sunlight are recessed to provide
shading minimizing heat island on the external surrounding which is considered
ideal orientation for heat gain prevention in hot climates; it makes use of the air

masses in cooling the building in a passive way.

Figure 4.4Floor plan of ATBU Senate lBlding (SourceField study 2016)

1 LandscapeOn the north elevation of the buitdj, the landscape is characterized

with grasses, asphalt driveway and very few deciduous trees shading the offices,
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see Plate 4.3; the area of hard landscape will lead to absorption of solar radiation
hence heating of air in surrounding causing heat istfiedt. The green parts of

the landscape encourage evaporation and helps in sun shading and cooling of air
around the building. From the south view, shrubs and deciduous trees are planted

to optimize cool breeze around the building.

PlateV North View of theBuilding Showing LandscapeckturegSource:Field
study, 2016)

The east and west sides of the building are characterized with ground cover
grasses and deciduous trees to provide shade for the building againstaléec
heat gain, this serves insulation purposes as they filter cool breezes before

entering into building openings, see plate V
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PlateVI EastView of the Building Showing Vegetation anddassCover
(Source:Field study, 2016)
While paved ways constitute only a small portion of the landscape, see/Plate
andVI. Finally, the void provides ventilation with stack effect as elements of

passive cooling.

PlateVIl West Mew of theBuilding Showing Trees Shading Some part of
Parking SpaceqSource:Field study, 2016)

Shading:On all sides of the building the only shading element is recessi@r

the apertures see plate VII
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From the front around the council chamber there are balconies and slabigmejec
which constitute the shading for the council chamber, see plate VIII. Generally, these

shadow cools the building envelop as the breezes around the walls are been cooled.

PlateVIIl Use ofBalconies andRecesses tBrovide Shade for ATBU Senate
Building (Source:Field study, 2016)

Deciduous trees and hedges are used in providing shade for covered parking
spaces to minimize the rate of heat gain of surfaces exposed to solar radiation

intensity, see platkx.

PlateIX DeciduousTrees used to Providen&ding(Source:Field study, 2016)
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i Effect of the surfaces finishight pink emulsion paint is used on all surfaces of
the external walls and shading dms on wallsLight colors are regardeas cool
material characterized by high solar reflectance and infrared emittance values.

These properties are the two main factors that control the temperature of a surface.

PlateX Floor Finish of ATBU senate buildin@Source: Field study,
2016)

The building is roofed with a light milkolor aluminumroofing shet, while the
decks are finished with bituminous coating to prevent against moisture leakages.
Light coloredroofing material has high reflectance and low absorption properties
See Plate XThe roofing structure has high potentials for solar heat gasubec

it is the most exposed surface to solar radiation intensity. The use of light pink
paint instead of dark shadesaolorswill go a long way in minimizing the rate of

heat absorption.

b- Heat modulation techniques

The heamodulation strategies idengfl in the field comprises of insulation and
thermal mass Assessment of ATBU senate building in accordance to insulation

and thermal mass are discussed in the subsections below:
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1 Insulation: The attic space in the roof ceiling of the four blocks of offmewvides
insulation for the buildings for minimizing excess heat gain. Roof structures has
larger exposed surface to solar radiation intensity therefore, providing roof
ventilation will greatly maximize the performance of the ceiling

1 Thermal massAll matter has thermal mass; however, when used in reference to
a building, thermal mass generally means materials capable of absorbing, holding
and gradually releasing heat. Heavy, dense building materials with high specific
heat like concrete, brick and otheasonry have high thermal mass.

Sand Crete hollow block which is the dominant building material used for the
construction of the building has less thermal mass. Concrete projected floors have
the ability of absorbing cool night air when the surrounding teatpre is less

than the interior temperature, holding and gradually releasing and cooling the
interior during the day time when surrounding temperature becgreater than

room temperature.

c- Heat dissipation techniques

Heat dissipation techniques deathwthe disposal of the excess heat of a building
to a sink characterized by lower temperature. The only heat dissipation strategy
used in ATBU senate building is natural ventilation and is discussed below:
1 Natural ventilation:
The council chambercloset t he VCG6s office in the sec
with larger window openings to the outside, these increases the rate of air
movement into the building.
The office design of all the blocks are double banked with offices opposite each

other and a arrow lobby.
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The ventilation system adopted was a combination of ssigkd ventilation
techniques with windows from the external walls and void, while the stacked
windows from the lobby provides cross ventilation using stack effect for the

offices andalso coos the central lobby, see Fig 4.5

9N
@Eﬁﬂ'

Figure 4.5Sectionacross the building showing natural ventilation method
adopted in the officeSource: field study, 2016)

L

Assessments ATBU senatébuilding in accordance to the checklist es&tigd
from literature is summarized table 4.2a and 42  The assessments were
carried out the using-3 scale in place of very strong to very weak. Eventually,

the overall results were analyzed using graphs.
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Table4.2aChecklist usedor the Assessment of Passive Cooling Techniques on

ATBU SenateBuildings(Source: Author, 2016)

Passive Passive Requirements Level of Reflection Remark
cooling cooling 1 2 3 4 5
Principles  Technique
Heat Orientation  -shorter side of the building X From
prevention Should be exposed to st assessment
techniques path. based on
-design  narrow  building X level of
forms with longer walls reflection of
oriented to cooling breezes. orientation
-adopt eastvest orientation. on passive
X cooling
(B=11/15)
Landscape  -extensive use of sof X From
landscape in the assessment
environment. based on
- Use of shrubs or othe X level of
plantings to shade pave reflection of
areas. landscape or
-Use of tall trees to provide X passive
shade for the building again: cooling
direct solar heatajn. (B=16/20)
-use of grasses as groui X
cover to improve
evaporation.
Shading - use of building mass t X From
produce shadow/shade assessment
-use of long overhang alon X based on
sun path level of
-balconies and  window X reflection of
recesses. shading on
passive
cooling
(B=7/15)
Use of
brightcolors -use of lighter colors or X From
on the external walls. assessment
exterior based on
surfaces level of
-use of lightcolored roofing reflection of
materials. X light-color
-use of lightcolor surface X material on
finishes on  walkways, passive
driveways and other harn cooling
landscape elements. (B=8/15)

5= Very Strong 4= Strong 3= Average 2= Weak 1= Very weak
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Table4.2b Checklig used for the Asessment d?assiveCooling Techniques on ATBU Senate

Buildings(Source: Author, 2016)

Passive cooling  Passive Requirements Level of Reflection Remark
cooling 1 2 3 4 !

Principles Techniques

Heat modulation Insulation -provide ceilings From

techniques in all offices to X assessment
insulate from the base on level
heat generatel of reflection
inside roof space. of insulation
-provide roof X material on
ventilation. passive
-use of wall tiles X cooling
on the external (B=7/15)
surfaces to
maximize  wall
insulation.

Thermal mass -compact planning X The

of buildings to assessment
minimize heat shows level of
gain. reflection of
-use of building X thermal mass
material with high on  pasive
thermal mass fol cooling
construction  of (B=8/10)
external walls on
east and wes
elevations.

Heat dissipation Natural -positioning of X

techniques ventilation openings to take The
advartage of assessment
prevailing wind. shows level of
-windows should X reflection of
be located for thermal mass
maximum  Cross on  passive
ventilation in each cooling (
room. B=8/10)
-use of larger X
openings  alonc
south facade.
-use of large X
courtyard to
provide cool
breezes.
-use of windows X
with  maximum
open area.

5= Very Strong 4= Strong 3= Average 2= Wda Very weak
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4.4Findings from Case Study C: Gombe State University (GSU) Senate

Building

The building is a single floor structure redeveloped by rsylstems consultants
LTD in 2004 and commissioned in 2005 the building has semidetached buildings

compgi sing VC6s complex, Registry, stude:]

4.4.1Passive cooling techniques

Passive cooling strategies used in GSU administrative building comprises of solar
and heat control, heat modulation and heat dissipation using natural phenomena.

Assessments of each of the strategies are presented below:

a, Heat prevention techniques
The heaprevention techniques to be assess in this study comprises of orientation,

landscape, shading and the use of ighlbr surfaces on the exterior.

Orientation: The building is rectangular in shape orientated with longer sides
facing north and south, while the shorter sides facing the sun path which is
considered to be the ideal, see Figure 4.6

LandscapeThe landscape on the north side of the buildindhesacterized with

large surfaces of low grasses, asphalt driveways and very few shrubs.
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Figure 47 Ground Floor Rin of GSUAdministrative Biilding (Source: keld study,
2016)

The green surfaces help in evaporation and in cooling of surrounding air while
hard landscape absorbs and radiate heat making the surrounding air hot and
interior spaces uncomfortable. On the east and west sides, characterized with
surfacesf dense grasses, interlocked walkway asghalt driveways; see Plate

Xl
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PlateXI Exterior View from east Elevation Showinghdscapé&eatures
(Source: keld study, 2016)

The courtyard is landscaped with grasses growing trees and shrubs to help

cool the interior from the micro climate formbg the courtyard, see Plate XII

PlateXIl View from the Courtyard Showing Landscape Grasses and Growing
Trees(Source: keld study, 206)

1 ShadingThe type of shading device used on east and west elevations are basically
the vertical projected walls, arcades and long roof overhang. The presence of

shrubs, grass cover and growing trees on the external environment allows filtered
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solar radation into the building openings and heat prevention of the building

envebps, see Plate Xl

PlateXIIl ExteriorView from East Elevation Showing Projected Wall as
Vertical

Shading Device, Roof Overhaagd Window RcesgSource: keld study, 2016)

1 Use of light colors on the exterior surfac&ome parts of the exterior walls are
finished with crack stones which more thermal mass than sandcrete blocks
whereas the majority of the exterior walls are fiegtwith Abuja browncolor
emulsion paint, selate XIV. It reflection of solar radiation is greater than darker
colors but less than much lighter colors. It absorption rate is greater when compare

with white emulsion paint.
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PlateXIV Abuja brownpaint as Wall kish (source: keld study, 2016)

On the roof structure, silver color long aluminum roofing sheet is used for the
covering, Silver colors are light and has reflective tendencies of solar radiation.
The walkways are paved witlight bright interlock tiles and driveways with

gravel and ash color asphalt.

b, Heat modulation techniques

Heat modulation is associated with high thermal mass materials, like brick and
concrete, in building structures that act as a storage for heagdiaytime and

cold at night.

Insulation: The attic space in the roof ceiling of the building of provides insulation

for the buildings in other to reduce excess heat gain. The roof has roof vents.
Incorporating roof vents greatly maximizes the insulatiegiggmance of the
ceiling.

Thermal massApart some portion of the exterior wall which was built of stones,
Sand Crete block was used throughout the building construction. Sand Crete block
is a low thermal mass building material when compare with conareteorick

blocks. Low thermal mass material absorbs and releases heat from the sun to the

surrounding at a very fast rate.
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c, Heat dissipation techniques

Heat dissipation techniques deal with the disposal of the excess heat of a building
to a sink charactezed by lower temperature. The only heat dissipation strategy
used in ATBU senate building is natural ventilation and is discussed below:
Natural ventilation: The building attains it natural ventilation by utilizing the
courtyard, arcade and overhangs tmafsthe office are designed around central
courtyards given the opportunity of having oppositedeins in the offices, see
plate XV. The orientation of the building also promotes achievement of natural
ventilation because the longer side of the buildm@long direction of cooling

breezes.

PlateXV Arcade in Front of Offices in GSU Senatelllng (source feld
study, 2016)

Assessments of GSU administrative building in accordance to the checklist
established frontiterature is summarized inable 4.3a and 4.3[@.he checklists
contain the detailed requirements of each of the three major energy efficiency
strategies such as heat protection technique, heat modulation technique and heat

dissipation technique
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Table4.3aChecklist used for the Assessment of Passiv@i@g Techniques on GSU Administrative

Building (Source: Author2016)

Passive Passive Requirements Level of Reflection Remark
cooling cooling 1
Principles  Technique
Heat Orientation  -shorter side of the building From
prevention Should be exposed to st X assessment
techniques path. based on
-design narrow building level of
forms with longer walls X reflection
oriented to cooling breeze: of
-adopt eastvest orientation
orientation. X on passive
cooling
(C=15/15)
Landscape -extensive use of sof From
landscape in the X assessment
environment. based on
- Use of shrubs or othe level of
plantings to shade pave X reflection
areas. of
-Use of tall trees to provids landscape
shade for the building on passive
against direct solar hee cooling
gain. (C=16/20)
-use of grasses as groul
cover to improve
evaporation.
Shading - use of building mass t From
produce shadow/shade assessment
-use of long overhang alon based on
sun path. X level of
-balconies and window reflection
recesses. of shading
on passive
cooling
(C=13/15)
Use of
bright-colors -use of lighter colors or From
on the external walls. assessment
exterior based on
surfaces level of
-use  of lightcolored reflection
roofing materials. of light-
-use of lightcolor surface color
finishes on walkways material on
driveways and other har passive
landscape elements. cooling
(C=8/15)

5= Very Strong 4= Strong 3= Average 2= Weak 1= Very weak
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Table4.3bChecklist used for the gsessment d?assiveCooling Techniques on

GSUAdministrative Biilding (Source: Author2016)

Passive Passive Requirenents Level of Reflection Remark
cooling cooling 1 4 |
Techniques
Principles
Heat Insulation -provide ceilings in From
modulation all  offices to X assessment
techniques insulate from the base on lesl
heat generate( of reflection
inside roof space. of insulation
-provide roof material on
ventilation. X passive
-use of wall tiles on cooling
the external (C=13/15)
surfaces to
maximize wall
insulation.
Thermal
mass -compact panning The
of buildings to assessment
minimize heat gain. shows level
-use of building of reflection
material with high of thermal
thermal mass foi mass on
construction of passive
external wdbk on cooling
east and wes (A=6/10,
elevations. B=8/10,
C=5/10)
Heat Natural
dissipation ventilation -positioning of The
techniques openings to take X assessment
advantage of shows level
prevailing wind. of reflection
-windows  should of  natural
be located for X ventilation
maximum cross on passive
ventilation in each cooling
room. (C=20/25)
-use of larger
openings along
south facade.
-use ¢ large
courtyard to X
provide cool
breezes.
-use of windows
with maximum
open area.

5= Very Strong 4= Strong 3= Average 2= Weak 1= Very weak
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4 5Preliminaries for simulation

This setion presents in detail how the collected data wadiseussedFirst a

basel

i ne model was

r e8dIn thensacond atage, kesultsl t 6

were observed and recorded. The third stage involves interpretation and

presentation of results in vaus tables and charts.

«»» Simulation Results

Internal Design Conditions

Clothing 1: light office suit
Humidity: 40.9%
Air speed: 0.30m/s
Light Level: 4001

filtration Rate
Air Change Rate:
lach Average
Wind Sensitivity:
0.25 Reasonably

Occupancy
Sedentary: 70w
Estimated no of
people/office:
4av

Thermal analysis in
Z interface ofthe ECOTECT _
T
i
I
i
! e B #i%)
‘ =l 5 >

MONTHLY HEATING/COOLING LOADS

CASE STUDY ONE

The specification for the roofing
materials include: corrugated
roofing sheet (0.75mm); no roof
ventilation; 0.89 U-Value; 7-

hour time lag.

The hottestmonth
is May with
89620.016kwh
Cooling requires
alot of energy
from February
until November

x

wall composition is sandcrete
blocks (225mm); internal and
external rendering (12.5mm); 3.11
U-Value; 3.97 Time Constant
(Hours).

Annual and monthly energy
consumption
hourly weather data for the specific
location
average hot season day (5th April

Qﬂine model

——/ he glazed windows we
The indoor temperature single clear with blind
maintained about an

average of28°C

mechanical cooling set to
adequate

Figure 48 Baseline Mvdel of MAUTECH Administrative Bilding (sourceField

study, 2016)

The results of energy consumption presented here are with the mechanical cooling

set to adequate. The indoor temperature is thexehaintened about an average

of

25¢eC.

The dependent variable used

variables is annual and monthly energy consumption. Detail results of the

simulation can be found in the appendices of this research. Also hourly weather

data for the specific location of this research is also moved to the appendix.
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4.6 Environment for the Experiment

Aut odes k 6 s abaldnganalysis sofiware that allows user to asil
design and work in 3D; inffers a wide range of analysis optgfrom acoustics

to energy efficiency tool s. ECOTECTOSs
found under thermal analysis iininterface. For this tool to be used propeily
requires the adherence to some specific principles when constructing deé mo
that will be analyzed, afterwards simulation was ran to observe how these behaved
all together in regards energy consumption.

The simulation runs on average hot season day (5th April) also, it is important to
note that the general parameters for theukation are: wall composition is
sandcrete blocks (225mm); internal and external rendering (12.5mm); 3.11 U
Value; 3.97 Time Constant (Hours). The specification for the roofing materials
include: corrugated roofing sheet (0.75mm); no roof ventilati@®g O-Value; 7

hour time lag. Lastly, the glazed windows weigle clear with blind

4.7 Monthly heating/cooling Loads

Heating Cooling loads of air conditioning system working with 95% efficiency

and 10mper person at a stateadtivity (55W) is considred for the calculations.

The thermal comfort zone is chosen as288C for the temperature band that the
calculation would take place according to the standards (Schiller Brager & de

Dear. (2000); ANSI/ASHRAE (2001) Standard-3800R) applied to the Ygat

weather data, 2002. However, due to geographical location and climatic condition

of dry subhumid zone, the total annual energy required for heating is very small
(which can be negligible) and itds onl:

monthsof the year which are January and December.
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4.7.1Monthly heating/coolingoadsfor MAUTECH senate building

The simulation results fronEcotect analysis for the entire MAUTECH

administrative buding are moved to appendix VI

MONTHLY HEATING/COOLING
LOAD

—+—HEATING (KWh) ——COOLING (kWh)
100000

80000
60000
40000
20000

0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 49 Visual Analysis ® Monthly heating/ooling Loads of MAUTECH
AdministrativeBuilding (source: field study, 2016)

The coldest monthsor MAUTECH administrative buildingare January and
December with2299.477kwh and 1291.624kwh respectivellyile the hottest
month is May with89620.016kwhseeFigure 4.9 Energy required for heating is
only required for few hours in the two coldest months of the year which are
January and December. But cooling the MAUTECH senate building requires a lot
of energy starting from February until ember. The month with peak energy

consumption is May i.e. around middle of the year

Moreover, h e col dest mont hs recorded I n t
administrative building are January and December vdth683Kwh and

12.866kwh respectivelyhile thehottest month is May with622.735kwh.

71



MONTHLY HEATING/COOLING LOADS

2000 —o— HEATING (kWh) == COOLING (kWh)

1000

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 410 Visual Analysis of Mnthly heging/cooling Loads for MAUTECH
Administrative B1 i | di ng; (d@desfieldstudy) 2016)

Energy for heating is only required for few hours in the two coldestimmf the
year which are January, November and
requires a lot of energy starting from February until November. The month with

peak energy consumption is Mag. around middle of the yeagee Fig 4.10

Also, the monhly heating/cooling loads for the council chamber of MAUTECH
administrative buildingrecorded that hte coldest months are January and
December witt82.36kwh and 15.405kwh respectiveile the hottest month is

May with 1789.111 kwh

MONTHLY HEATING/COOLING
LOADS

—+—HEATING (kWh) —#i—COOLING (KWh)
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0
JAN FEBMAR APRMAY JUN JUL AUG SEP OCTNOV DEC

Figure 411 VisualAnalysis of Monthly heating/coling Loads for cooling
MAUTECH Administrative Riilding; Council Chambefsource: field study, 2016)
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Energy for heating is only required for few hours in the two coldest months of the
year which are January, NovemberdaDecember. But cooling the council
chamber requires a lot of energy startirgirFebruary until October, se@ire
4.11.The month with peak energy consumption is May i.e. around middle of the

year.

4.7.2Monthly heating/cooling badsfor ATBU senatébuilding

=
MONTHLY HEATING/COOLING LOADS

4 HEATING (KWh)  —=eC

+ Simulation Results CASE STUDY TWO

The specification for the roofing
materials include: corrugated
roofing sheet (0.75mm); no roof

ventilation; 0.89 U-Value; 7-
hour time lag.

Thermal analysis in
interface of the ECOTECT

Internal Design Conditions
Clothing 1: light office suit
Humidity: 69%
Air speed: 0.50m/s
Light Level: 3001

The coldestmonths are
Tanuary cember with

November.
n

Air Change Rate:
lach Average

Wind Sensitivity:

0.25 Reasonably

wall composition is sandcrete
blocks (225mm); internal and
external rendering (12.5mm); 3.11
U-Value; 3.97 Time Constant

(Hours).

o

Annual and monthly energy

3] E—
HA
3
3t

== consumption
== = hourly weather data for the specific
location

average hot season day (5th April

Occupancy
Sedentary: 70w
Estimated no of
people/office: 3

The indoor temperature
maintained about an
average of 25.3°C

e glazed windows

single clear with blind

mechanical cooling set to
adequate

Figure 4.12 Baseline model of ATBU Senatauliding (source:Field study, 2016)

The summary of the input data and the simulation results are illustrated in figure
4.12.The simulation results frorkcotectanalyss for he entire ATBU senate

building are moved to the appendix

For ATBU senate building, the coldest months are January and December with
468.384kwh and 128.565kwh respectivelljile the hottest month is May with
63080.76kwHollowed by April with5844312 and June with4036respectively,

see figure 4.13
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MONTHLY HEATING/COOLING LOADS

—+—HEATING (kWh) —@—COOLING (kWh)
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Figure 413 Visual Analysis of Mnthly heating/cooling Loads of ATBUe&hate
Building (source: field study, 2016)

Energy required for heating is only required for few hours in the two coldest
months of the year which are January and December. But cooling the ATBU
senate building requires a lot of energy starting from February until November.
The month with peak energy consumption is May i.e. around middle of the year

as illustrated in figurd.13.

The monthly heating/cooling | oads for
recorded that,he coldest monthen VC6és office of ATBU
January, November and December viikwh, Okwh and Okwh respectivelgee

Figure 4.14while thehottest month is May witfi15.997kwh

MONTHLY HEATING/COOLING
LOADS

——HEATING (kWh) —i—COOLING (kWh)
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Figure 414 Visual Analysis ofMonthly heating/coolindg.oads for ATBUSenate
Bui |l di ng; (A0@éskielddtiudy,2016)
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Energy for heating is only required for few hours in the two coldest months of th
year which are January, November and
requires a lot of energy starting from February until October. The month with peak
energy consumption is May i.e. around middle of the.year

The monthly heating/cooling loads ftine council chamber oATBU senate
buildingrecorded that the coldest months in the council chamber of ATBU senate
building are January, November and December Wkivh, Okwh and Okwh

respectivelywhile the hottest month is May wittl11.967kwh.

MONTHLY HEATING/COOLING
LOADS

—e—HEATING (KWh) —#—COOLING (KWh)
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Figure 415 Visual Analysis ofMonthly heating/cooling of ATBUSenate
Building; Council ChambefsourceField study, 2016)

Energy for heating is only required for few hours in the two coldest months of the
year which are January, Novemizard DecemberseeFigure 4.15 But cooling
the council chamber requires a lot of energy starting from February until October.

The month with peak energy consumption is May i.e. aroniddle of the yar.

The data input and the results obtained are surapwain figure 4.16. the input
data were generated from the reviewed literature and the standards provided by

Ecotect energy analysis software.
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4.7.3Monthly heating/cooling loader GSU senate building
=

MONTHLY HEATING/COOLING LOADS

—4—HEATING (KWh)  =8=COOUING (KWh

+% Simulation Results CASE STUDY THREE
The specification for the roofing “
materials include: corrugated -
roofing sheet (0.75mm); no roof ) A:

ventilation; 0.89 U-Value; 7-
hour time lag.

Internal Design Conditions
The coldestmonths are is May with
17989 24kwh.

| December wit
Cooling requires

g 5 ively alot of energy
~ Thermal analysis in Enrgy for heatingis only Satigton,
interface of the ECOTECT required for few hours February unti

wall composition is sandcrete
blocks (225mm); internal and
external rendering (12.5mmy); 3.11
U-Value; 3.97 Time Constant
(Hours).

Clothing 1: light office suit
Humidity: 65%

Air speed: 0.30m/s
Light Level: 4001

filtration Rate
Air Change Rate:
lach Average
Wind Sensitivity:
0.25 Reasonably
Protected

Annual and monthly energy
consumption
hourly weather data for the specific

Internal Gains
Sensible gain: 5
Latent gain: 2

\ e —— o /

The indoor temperature
maintained about an
average 0f 25.5°C

average hot season day (5th April

Occupancy
Sedentary: 70w
Estimated no of
people/office: 8

he glazed windows we
single clear with blind

mechanical cooling set to
4dCquaIc

Figure 416 Baseline model of GSWBdministrative Riilding (sourceField
study, 2016)

The simulation results frorkcotectanalysis for the entire GSU administrative
buildingare moved to appendi¥or GSU senate building, the coldest months are

January and December wBR5.351kwh and 851.65%k respectivelysee figure

4.17while the hottest month is May wittv989.24kwh.

MONTHLY HEATING/COOLING
LOADS

—+—HEATING (kWh) ——COOLING (kWh)
20000
15000
10000

5000

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 417 Visual Analysis of Monthly heating/cooling Loads of GSU
Administrative Biilding (sourceField study, 2016)
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Energy for heating is only required for few hourghe two coldest months of the

year which are January and Decemkoling the GSU senate building requires

a lot of energy starting from February until November. The month with peak
energy consumption is May i.e. around middle of the.year

The monthyheat i ng/ cool ing | oads for the VC
building recorded thathe coldest months are January and DecemberOith

and Okwh respectivelyhile the hottest month is May wit22.844kwh

MONTHLY HEATING/COOLING
LOADS

——HEATING (kWh) —i—COOLING (kWh)

800
600
400
200

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 418 Visual Analysis of Monthly heating/cooling Loads fo

GSU Administrative B i | di ng; (30@cesFiel®s$tudy, 20%
Energy for heating is only regeid for few hours in the two coldest months of the
year which are January and December. l
energy starting from February until Novempgee figure 4.18The month with
peak energy consumption is May i.e. around middidefyear
The monthly heating/cooling loads for the council chamber of GSU administrative
building recorded thatie coldest months are January, November and December
with Okwh, Okwh and Okwhespectivelywhile the hottest month is May with
281.697kwh Febuary and August are relatively very cold with.8&kwh and

14.218kwh respective)ysee figure 4.19
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MONTHLY HEATING/COOLING LOADS

—+—HEATING (kWh) —#—COOLING (KWh)
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Figure 419 Visual Analysis of Monthly heating/coolingoads forGSU
AdministrativeBuilding; Council ChambefsourceField study, 2016)

Energy forheating is only required for few hours in the two coldest moof the

year which are Januaflovember and December and averagely very cold months
which are February and August. But cooling the council chamber requires energy
starting from March to Juland September to October. The month with peak

energy consumption is May i.e. around middle of the.year

4.8Discussions of Findings

The methods of data collection for this research comprise of field work and virtual
laboratory. The field work was assesssithg checklist established from literature
review while the virtual laboratory was used to assess monthly energy load of

each of the three local case studies

4.8.1Discussion of findings from visual survey

From Table 44 case study C has the highest lesealeflection of passive cooling
techniques with 90/115 followed by case study B with 75/115 and case study C

with 68/115 respectively. This shows that case study C has the highest tendency
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of lowest energy load for cooling throughout the year whiclstsied by energy

simulation followed by case study B and case study A respectively.

Table4.4 Summery ofLevel ofReflection ofChecklists(Source: Author, 2016)

Variable Case study A Case study B Case study C
Orientation 8 11 15
Landscape 11 16 16

Shading 7 7 13

Use of lightcolor 8 8 11

Insulation 8 7 10

Thermal mass 6 8 5

Natural ventilation 18 18 20

Total 75 75 90

Figure 4.2Cshows that on heat prevention techniquase study B has its lowest
level of reflection on shading; the level of reflections of the landscape is the
highest and orientation is very high; and relatively average on use of light colors
on exterior surfaces. On heat modulation technique, the Idevestof reflection
occurs on insulation; and relatively average on thermal mass. On heat dissipation
technique the level of reflection is very high on natural ventilation.

Moreover, on heat prevention technique, case study A has its lowest level of
reflecion on shading; the level of reflection of landscape and use of light colors
on exterior surfaces is very high; and relatively orientation. On heat modulation
technique, the lowest level of reflection occurs on thermal mass; and relatively
average on indation average on. On heat dissipation technique the level of

reflection of natural ventilation is very high.

In addition, on heat prevention technique, case study C has its lowest level of
reflection on use of light colors on exterior surfaces; the lef/eeflection of

landscape and orientation is very high due to the rectangular nature of the building
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plan, shorter side of the building is oriented to face sun path while the longer axis

along south and north and a lot of landscaped open spaces sed.Bfure

LEVEL OF REFLECTION OF PCT ON THE

BUILDINGS

25
20
) /
10 /\//

5

0

Orientation  Landscape  ShadingUse of light Insulalibermal mass  Natural
colour ventilation
—=@—Case study B ==@==Case study A Case study C

Figure 4.20_evel ofReflection ofPassiveCooling Techniques on thBuildings
(sourceField study, 2016)

and relatively average on shading. On heat modulation technique, the lowest level
of reflection occurs on thermal mass; and relatively aveoagnsulation. On heat
dissipation technique the level of reflection of natural ventilation is very high.
Comparing results from case studies, it shows that GSU has the highest level of
reflection passive cooling techniques followed by ATBU and MAUTECH
respectively. The most effective method to save energy and cool the building is to
keep the heat from building up in the first place (Givoni, 2011). Therefore, heat

prevention techniques should be given adequate attention from the design process.
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4.8.2Comparing the resultsf monthly energyoad for ATBU, MAUTECH and

GSU senate buildings

Heating Cooling loads of air conditioning system working with 95% efficiency
and 14mz2 per person at a state of office activity (55W) is considered for the

calculations.

The thermal comfort zone is chosen a283)C for the temperature band that the
calculation would take place according to the stadst ANSI/ASHRAE (2001)

Standard 52000R) applied to the Yozgat weather data, 2002. However, due to
geographical locationral climatic condition of dry suhumid zone, the total
annual energy required for heating is v
only required for few hours in the two coldest months of the ydachvare

January and Decembdtigure 4.21 descrds the monthly heating/cooling loads

of each of the three simulated case studies.

MONTHLY ENERGY LOAD

——HEATING B (kWi i— COOLING B (KWhja—HEATING A (KWh)
——COOLING A (kWhy—HEATING C (kWh}®#— COOLING C (kWh)
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Figure 421 Monthly energy load for ATBU, MAUTECH and GSU semate
(sourceField study, 2016)
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MAUTECH senate building requires more energy load to cool the hgildi
throughout therear, see figure 4.Zbllowed by ATBU and GSU senate buildings
respectively. For all the three the senate buildings, the coldest months are January
and Decembewvhile the hottest month is May followed by April and June
respectively.with reference to the Figure 4.1 earlier discussed, the possible
reasons for MAUTECH senate building to require a lot of energy for cooling may
be connected to the fact that the senate building does not have enough shading
devices, the landscape are limitedth@ backyard of the building neglecting
walkways, paving to receive and reflect excessive solar radiation and due to the
presence of the hard landscapes from the eastern side of the building as well as

the harsh weather of Jimeta in Yola town, the tentpezaherein is very hot.

Secondly, the ATBU senate building is the second in energy consumption, see
figure 4.18. The building is compacted and deficient in cross ventilation. It
comprises of four square blocks of offices connected by an octagonal,sgum
such the orientation of the building as a whole is relatively good because the
longer side faces north and south, however, each block as a compartment is a
square and does not optimize cross ventilation, these and the weather data of Gubi
in Bauchi mg be the reasons for ATBU senate building to consume a lot of energy

for cooling throughout the year.

Lastly, GSU senate building is a single floor building with good orientation,
landscape, ventilation and shading, see figure 4.1, as such it is exjhettdee
senate building does not consume the same energy as AMBWIAUTECH

senate buildings.
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It can be deduced from table 4.9, that MAUTECH senate council chamber
requires more energy for cooling foll o

in figure 422.

This is because the apertures for MAUTECH council chamber face the east and

does not have cross ventilation and shading devices

MONTHLY ENERGY LOAD
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—8—HEATING B (KWh) ==@=COOLING B (kWh) HEATING A (kWh)

=@=COOLING A (KWh)=@=HEATING C (kWh) COOLING C (kWh)

Figure 422 Monthly EnergyLoad for Council Gambes of ATBU, MAUTECH
and GSU Senatelwldings (source: Fieldtsidy, 2016)

ATBU council chamber faces south and has balconies as shading devices as well
as deciduous trees from the south el e\

shading from dlsides and cross ventilation.

The VC6és office of MAUYTEOH I devean dsy molrBe
may be connected to the fact that the

the east and west axis.
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MONTHLY ENERGY LOAD
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Figure 423MonthlyEnergy lo a d f oQffice\ofCAGBU, MAUTECH and
GSU Senate &ildings(source: Field study, 2016)

ATBU V Cdoffice faces south and hascessess shading devices as well as
deciduous trees from the south elevatio

from all sides and cross ventilation.

4.8.3International Case Study: The Chancellery Building of University

Kebangsaan, Malaysia (UKM)

CASE STUDY FOUR: The Chancellery office building of University Kebangs-alaysia

First Case: Business as usual

Exterior walls and roofs have no insulation

windows

single clear glass

The annual electricity consumption was
2265.4MWh

- Glass fiber quilt reduces the
vea in

Third case: wall insulation

g el )
ption of 30896 KWh.

Second Case: Improved glazing

* Polyurethane insulation material
saves 59995.6 kWh Annual Energy

* double glazing with low-e pane saves
105687 KWh Annual Energy

- Extrude polystyrene as wall
insulation saves 57674 kwh
Annual Energy

+  low-e reverse glazing Saves 46754
kwh Annual Energy

Figure 424 Input and Output of Foreign Case StydpurceField study, 2016)
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Four scenarios were set,gee figure 4.2dndsimulation at each scenario was

runas follows:

U First Case: Business as usual

A Exterior walk and roofs have no insulation

A single clear glass windows

A The annual electricity consumption was 2265.4 MWh

U Second Case: Improved glazing

A double glazing with lowe pane saves 105687 KWh Annual Energy

A low-e reverse glazing Saves 46754 kwh Annual Energy

U Third case: wall insulation

A Polyurethane insulation material saves 59995.6 kWh Annual Energy
A Extrude polystyrene as wall insulation saves 57674 kwh Annual Energy
U Fourth case: Roof insulation

A Extrude polystyrene insulation thickness of 4 cm saves annaaj\eof

33227.3 KWh,

A Glass fiber quilt reduces the yearly cooling electricity consumption of 30896

KWh
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4.8.4Comparing the resultsf thethree local case studies with the fore(gase

Studies

Annual Energy (kwh/m2)

MAUTECH EBATBU EBGSU UKM

MAUTECH ATBU

Figure 425 Summary of Results of the four€e StudiegsourceField study,
2016)

UKM is the most energy efficient and the least eneffjgient was MAUTECH
see Figure 4.28J KM6 s s e n at rergyeffitientmaterialsisuabs:
double glazing, extrude polystyrene on the wall, Extrude pabséyinsulation

thickness of 4 cnin the roof.

In the local case studies, MAUTECH senate building requires more energy load
to cool the building thnaghout the year, see figure 4.#8lowed by ATBU and

GSU senate buildings respectivelyhe possible reass for MAUTECH senate
building to require a lot of energy for cooling may be connected to the fact that
the senate building does not have enough shading devices, the landscape are

limited to the backyard of the building neglecting walkwapgssing etc.
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5.0DESIGN REPORT

5.1The Site
University Senate Building is a structure built to serve the central administrative
function in university campuses, design to accommodate offices, exhibition hall,
senate chamber, governing council chamber and other necdasdities. The
university senate is the agency for the articulation and representation of the views of
the faculty. It should benvisiored generallyith some topographic interest, having
complete utilities, stable, wellrained soils, excellent roaahd pedestrian access,
protection fom excessive weather patteriitie site should be easily accessible and
be free of any natural or environmental hazards with ample spaces for future
expansion. It would be locatad the heart of the university and shatle freefrom
undesirablébusinessessite selection criterisvereusel to find suitablesite for the

proposed senate building

5.1.1Study Area

The proposed location Kashere,Gombestate of Nigeriavhich is located at the
centerof north easdrnstags, itis bordered by Borno and Yobe State to the north and
east respectively, Taraba and Adamawa State to the south and Bauchi State to the
west. It is located on latitude %10 &Néand longitude 1% IEd@nd It covers an area of

about 20,265km2 with a popiion of approximte 2,353,000 people as of 2006.

5.1.2Site Selection Criteria

The site was selected after analysis of the set down criteria based on literature review
and the relevant guidelines for theiversity senate building desigm Nigeria and
north-east in particular. The parameters used for sitecBetecriteria are illustrated

in figure5.1
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SITE SELECTION CRITERIA

Criteria Site | Site | Site Remark
A| B c
- site B is the most accessible site because is closer
1 | Accessibility 4 5 4 |the newly constructed main gate of the university
. site B and site C will give aesthetics views better A
2 |Good views 2 | 4 | 4 lpecause site A is a bit blocked by neighboring buildings
3 | Expansion potential 4 5 5 [siteA a_ndP can b:;c%arilsded fmn} thf gast::ua;:;omm pats

4 |Proximity to faculties | 4 3 4 [sites A and C are equally closer to faculties than site B

[Presence of all the tree sites are potentially good interms of landscape as trees
5 llandscape to ad cooling| 4 4 4 land shrubs can be seen from google map and photographs

site C is the noisiest of all the three sites while site B is the most

6 |Noise free envi 4 5 3

silent of them

7 Location free from 4 5 3 site B gets ventilation from all directions while site C

wind shadow effect constrained from three sides

Fase of drainage 5 5 5 |All the three sites can be chanelled to the campus darinage
8 network
9 Location away from 2 4 1 site B is the furthest of all the three sites from heavy traffic noise

high traffic
3 5 1 site B has best orientation because the longer side faces

10 Orientation north-south direction

Total 37 | a5 |31

Figure 51 Site Selection €teria (sourceField study, 2016)

Weighing scale excellent 5, Very Gqakl Strong 3, Week 2, Very Week

5.1.3Site Locatim
The proposed site fagenate buildings locatedin federal university Kashere,

Gombe Figure 5.2 explains the location of the site on the global map

SITE LOCATION

AFRICA

Africu is the world's second-laryest and second-
most-populous wntinent. It is located on

| LATITUTE7.1881° N, LONGITUTE 21 0935° Eon

greemvich meridion

NIGERIA

Nigeria is located in westem Africa, and is in both the
eustern and northem hemispheres.

It bordered by Benin, Cameroon, Chad, and Niger, as
well as the Atkntic Ocean. Nigerk is on
lntitude 10°00' N ‘

PROJECT SITE

longitule 8° 00" E The proposed site lies on:
GOMBE STATEThe state is bordered by Borno and Yobe LATITUDE: 10°15'46.61"N
3 4 State to the north and east respectively, Taruba and LONGITUD:E 11° 814.38"E

b = a0 - \'\ Adumva State to the south end Bauchi Stete to the

west. It covers an area of about 20 265km2 with most of
the people coming from the Fukini tribe.

o/ " A LATITUTE10.2500° N,
= LONGITUTE 11.1667° £
| T A0 Kashere lap

GOMBE v i ’v

Gombe is ut u centrul geogruphical 1 4

location within the state and it lie
on

LATITUTE10016° N
LONGITUDE 110 11" E

Figure 52 Site Location(source:Field study, 2016)
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5.2 Site analysis

Site analysis is generallydalstudy of the micro sitend it features considering it
potentials andhreats in an attempt tatilize all the advantages and avoiding the
disadvantage In trying to understand the site, the following parameters were

considered andnalyzed:

5.2.1Sitephysical characteristic

The physical characteristic is composed of all the visible featdites site. This

include tography andite vegetation.

a. Topography

The topography of the site isgentleslopeconsising of few number 6contours
draining bward theeastern part of the sitbecausehe site level in the western

part of the site is visibly elevatethe site drainage will take advantage of the
slope direction so as to make use of natural gravity. The planning of the proposed
senate buildingvill take into consideration of the topography at the site as design

tool for integratingpassive desigfeatures in the project.

b. Vegetation

Vegetation of the site is typically that of the Sudan Savannah, characterized by
locust trees and shrubseePlateXVI. The site has abundant grasses distributed
all over the site, hence will help in enhancing the micro climate of the site.

The original vegetation has not been altered by human activities bmc#d is

virgin land. Thusthe planning will make thase of the available trees at the site

as means of integratingassive design strategies
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PlateXVI Site Vegetationsource: Field study, 2016)

5.3 Climatic Data Analysis
The study and analysis of the micro climate of the sitelvniclude; temperature,
wind speed, precipitation, relative humidity, sunshine and it radiation and relate
this micro climate to the macro climate of the area with due ceragidns to the

site features.

5.3.1Temperature

The maximum mean monthly tempéure is 35.7 degree centigrade. April and

May are usually the hottest months of the year. The extreme minimal temperatures
are 28.2 degree centigrade and 18.7degree centigrade in December and January
respectivelyFigure 5.3shows the monthly temperatuesjerage and extreme of

the region.
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Temperatures: Averages and Extremes
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Figure 53 Monthly Temperature, Average anadttEeme of Gomb&ource:
(myweather2, 2015)

5.3.2Wind

The average monthly wind speed and the maximum speed recorded and sustained
eachmonth the yearsee figure 5.4The chart will help in choosing durable local

available roofing material.

Wind Speed (km/h)
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Average Expected Wind Spead ®Maximum Recorded Wind Speed

Figure 54 Average Daily Wind eedSource(myweather2, 2015)
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5.3.3Precipitation

The site experiences conventionaldarelief rainfall. The minimum monthly
rainfall (in march the maximum rainfall (in august) is 163mm, the is more
voluminous during this period and its cooling effect is better felt during this period
than at other times of the year. at the peak of raigiatiers will be made to
efficiently collect the water from roofs and site towards the lowest point of the

site.Figure 5.5shows the average of rainfall received far month.

Predipitation Amount
(mm)
300

240

180 163

Precipitation (mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
Month

Figure 55 Monthly Precipitation Anount

5.4 Services
Services like electricitpower lines, water supply lines, telephone servieesess
roadsand pedestrian paths, well dessgndrainages are all availalde site, see
figure 5.6.The site is accessed fratt angles of the universitylso, high tension

electrical cables can ald® sited from the site.
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po!entiul of the site exists
in the southern part of the

From the eastern part, the site extends
to the university perimeter wall except
the small maintenance office that exists
between the site and the perimeter wall

W The major expansion .
R @
/

e
maintained to serve as soft
landscape elements

168,953mm

Figure 56 Services(source: Field study, 2016)

5.5Site Zoning
The zoning of spaces was intentionallyséa security challengesithin the
country. Preventingnauthorized/ehicles from getting tooloseto, orentering a
site or building, and how the inteity of standoff distancescanbe maintained
remains one of the main considerationsafinterterrorism design. Thénited
Nationsrecommend a 30M off distance from the main building to Hostile Vehicle

Mitigation (HVM) parking, see figure 5.7

SITE DEVELOPMENT

Water surfaces 1o maintain the required:
humidity for the building

Deciduous trees 1o serve as
shade against solar
radiation and to filter air

ATER suRrAc

__—V.1.P Parking space for
senior staff

Deciduous trees 1o serve as
shade against solar
radiation and to filter air

V.1P Parking space for the
VC and principal officers

Deciduous trees to serve as
shade against solar
radiation and to filter air

Figure 57 Site Zoning(source: Field study, 2016)
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5.6 Simulation Results of Proposed Building

The results for simulation are discussed below based on the individual building

elements and subsequently the building enveltgedf i

5.6.1Wall

As mentioned earlier in the literature review of this dissertation, the effectiveness
of capacitive insulation (thermal mass) is acceptable where the diurnal variation
of ambient temperatures exceedsdégreesAccording to the weatheoadition

of the studied buildings' location, the range between monthly mean maximum and
minimum temperature for the 12 months is higher thamlddrees Therefore,
thermal mass is proposed to be applied for the walls in order to examine its
competence inchieving better thermal comfort particularly in the baseline model
building. various resistive insulations were proposed because of their ability to
control the heat flow through the walisbhoth directions see figure 5SHowever,

using resistive insulain could be appropriate in hot season as the heat loss
through walls is significantly higher than heat gain. This means that the thermal
performance of walls with higher conductance could be more appropriate for hot
seasonTherefore, in order to achietke most effective energy efficient walls t
throughout the seasons, various types and thickness of walls were proposed and

simulated, see figure 5.8

W1 w2 w3 wa

Figure 58 Various Walls @nfiguration(source: Field study, 2016)
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The resultant temperature in both @ $eason and a cold season day was estimated
with the implementation of the various proposed walls and compared with the
MRT temperature in the case of the baseline model waiich is W1
Furthermore, the percentages of comfort hours through each seastmaugh

the whole year were predicted with the implementation of the proposed walls.
Description for the tested walls and the simulation results are providee@ in th
following subsections.The selected materials which built for ECOTECT
simulaton, the méerials chosebasel onof U-value as it has been shown that in
buildings, the total heating load is usually more sensitive to changes in wall U
value than to changes in the amount of thermal mass. However, total cooling load
can often be impacted more llye addition of thermal mass than by wall
insulation. W4 types of constructionods
in this stage; attached each time in different order to find out if this component

has an effect on indoor temperatsee table 5.1
Heating and Cooling Energy Load

Heating Cooling loads of air conditioning system working with 95% efficiency
and 10m2 per person at a state of activity (55W) is considered for the calculations.
The thermal comfort zone is chosen as288C for the terperature band that the
calculation would take place according to &feHRAE standards applied to the

Gombe weather data, 2010.
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Table 51 Composition of Simulated Wallypes(Source: Author, 2016)

Wall Code U-Value Time
Description Thickness (W/m2 constant
(mm) °C) (Hours)
w1 -Outside: externa -12.5 3.11 3.97
rendering -225
-Hollow concrete -12.5
block
-Internal  mortar
plaster
-Inside: internal
paint
W2 - Outside: cemen 12.5 2.62 4.38
rendeing 150
- brick 12.5

- Internal sand
cement plaster
- Inside: internal
paint

W3 - Outside: mortar 12.5 0.32 10.83
plaster 50
- Extruded 225
Polystyrene 125
- Hollow concrete
block
- Internal sand
cement plaster
- Inside: internal

paint
W4 - Outside: cemen 12.5 0.29 12.47
rendering 75

- Polystyrene 225
- Hollow concrete 12.5
block

- Internal mortar
plaster

- Inside: internal
paint

However, due to geographical location and climedindition ofGombethe total
annual energy required for heating i
only required for few hours in the two coldest months of the year which are
January an@ecember. Resulshowing the effect of various wallsrfiguration

of the total annual energy reduction on the baseline model are presented

appendix |
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The cold season months (January& December) have the least energy demand
while the hot season months (April & Malave the highest energy demand
Various wdls were displayed on axes with different tick mark. The vertical scale

is in kWh (kilowatthours), and the horizontal axis is in months of the year.

The effect of applying various walls (W1N4) with their corresponding values

of percentage decreaiseolserved W1 being the wall used in baseline model has

the value 00% and remaining walls (W2 W4) shows the percentage decrease

with respect to wall W]see figure 5.9

Heating/Cooling loads in each of the simulated walls

18
16

14
12
10

% REDUCTION

o N b~ O @

w1 w2 w3 w4
WALL CODE

Figure 59 Percentage of energy reduction of various w@akairceField study,
2016)

From the figure 5.9it can be seen that by applying wall W2, a reduction of 9.46%
of total heating and cooling energy load required in wall W1 can be achieved. By
applying wall W3 a reduction of 189% is achieved. This will however, give a
clue on theeffect of insulation material in the reduction of the energy load in
building. Walls W4 show slight improvement in reduction energy load 21.23%,
as compared to wall W3 with a value of 0.44% and 0.48%respectively. Also, from
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the result it can be observdtht Wall W4 shows greater improvement in energy

load reduction with a value 4f7.8% and Annual Energy of 14695.40kwh

5.6.2Ro0f

Roof used in the baseline model is corrugated metaltypef the roof mainly
affectstop floor and since heat gain throutfhs type of roofs is constant and
independent of building proportion and orientation of buildireyefore there is
need to insert insulatiomaterials within this surface is essential in hot ctana
countries. Also roof colourcontribute to energy consyotion and thermal
comfort. It was found out that by ugifight colour with higher reflectance 10%

of the total energy load can be saved when using dark colour with lower

reflectance valuerigure5.10 representsrighter color and dark color

Figure5.10 Roof Golours(source:Field study, 2016)

In roof simulation different types of insulations were itserthen was run to
calculatethe possibility reduction thatn be achieved by adding thesaterials,
example of these matals are polystyrenandair gap in differenthickness.

Results irthis researcshowsa good potential for saving energy by redudiegt
flow indoors. Thigeduction is as a result of using pstlyrenematerials (100mm)

while when polgtyrene material used (50mm) a reductioin60.5% has been
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shown that theffect of the thickness ohsulation materials. TableZSprovides
the proposed roofs explaining their layers, thicknesses, and thermal conductance.

Table5.2 The Proposed ébfs(Source: Author, 208)

Roof Code  Description Thickness (mm) U-Value (w/n¥ Time
°C) Lag
R1 -Outside: reinforcec 150 0.89 7
concrete, cemen
rendered
-Inside: sand cemer
plaster
R2 -Corrugated roofing 0.55 7.14 -
sheet
-No roof vent
R3 -Corrugated roofing 50 0.55 4.5
sheet
-Glass fiter quilt
-Roof vent
R4 -Corrugate roofing shee 50 0.55 4.5
-Extrude polystyrene
-Roof vent

The heating/cooling loads of the various roafsidated are summarized in figure
5.11 A decrease of 12486 was recorded in R4 thereby making R4 nposferred
choice of roof for the proposed senate building

Heating/Cooling loads in each of the simulated Roof

14

12

10

% REDUCTION

R1 R2 R3 R4
ROOF CODE

Figure 511 Heating/cooling Loads of Various Rooffes(sourceField study, 2016)

The reduction in the yearly electricity energy consumption due to application of

extrude polystynee as roof insulation was observed. The application of extrude
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polystyrene insulation thickness of 4 cm demonstaat@.3% reduction of the

annual energy loadee figure 3.1.

5.6.3Window/Glazing

Windows are the leading source of heat gaocpantingfor nearly 50% of the
heat that enters a building. Heat gain through glazing is deppadisurface size,
orientationand the present of shading devices also depending on glypeg
where different types agvailable around the world from single to tiple layers
with or without elow, however, in third world countries such as Nigeria single
type is tle most used one which reveakb@ highest solar heat transferred type
(+90% of solar radiation). In this research different types of glazing are seaulat
to test the potential for deiction heat flow and increasemfort indoors that can
be achieved using each type of these glazing. As shown in Bablthere are
fourforms of glazing used in ECOTECihwulation which applied on thBaseline
Model presating in different types and thickeg, from G1 the one applied tie
baseline model to G#he double clear with a blind.

Results illustrate that application of double glazing with-lpywane would yield

a saving in annual electricity consumption of 106&3/NVh compare to energy
consumption when single clear glazing is used.

Table5.3 The Proposed &zing(Source: Author, 2016)

Glaze Code Description Width (mm) U-Value (w/n?
Oc)

G1 Single clear 6

G2 Single wth blind 5.32

G3 Double clear 3.14

G4 Double with internal blind 1.60

The reduction in annual cooling energy used in selected jobs due to changes in the
standard glass (clear single) to the Double clear and Double with internal blind
studied, redues the percentage of annual cooling energy consumption in
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reference to the annual energy consumed by cooling available when the building
uses standard glasResults shown in figure 5.12 illustratieat application of
Double with internal blind lovwe panewould be the mospreferred glazing type
having 19.9% reductionin annual electricity consumption, see appendix IlI for

the simulation results.

Heating/Cooling loads in each of the simulated

glazing
20
18
5 16
5 14
5 .
o
N 8
6
4
° z 7
’ G1 G2 G3 G4

GLAZING CODE
Figure 512 Heating/cooling Loads of ¥riousGlazing Types(source: Field study,

2016)

5.6.4Presence of vegetation

Vegetation reduces building energy use by shading buildings during the summer
and consequently lowering temperatures also help to block cool winds in winter.
But, they can increase energy use by shading buildings in winter, andoregsie

or decrease energy use by blocking summer breezes. Thus, proper tree placement
near buildings is critical to achieve maximum building energy conservation
benefits.The proposed senate building investigated once with a trees row that

present in redly just 3 meters away on southeast side and second time was run
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without the existing of those trees using Ecotect simulation. The effect of tree
shading shows a significant impact on room temperature. It has a shading screen
on ground floor between 8:00 amnoon nevertheless the external temperatures
still expectable and relatively lower than those of-aléy temperatures where the

shading moves to the opposite directisee figure 5.3

Figure 513 simulation withiwithout trees(source: Field study,(6)

The proposed senate building with vegetation yields 10.6% annual exastigy

as illustrated in Figure 5.14

Heating/Cooling loads in each of the simulated
Vegetation

% REDUCTION
(o))

VO V1
VEGETATION CODE

Figure 514 Heating/cooling loads of various roof typeource: Field study, 2016)
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5.6.5 Orientation

Repeatedly, perform an ECETT simulation on the proposed buildings in order

to investigate the effect of orientation on energy cooling load. Analysis process
includes all the occupant zones excluding bathrooms and toilets as well as other
service areas of the building such as staie, storig, corridor and liftsfigure
5.15showsthat orientation at $0jields 14% annual energy saving, see appendix

IV for simulation resultsThe orientation is such thatiieans that the longer side

is facing east and west side whilé’ 9@eanshat the longer sides are facing north

and south.
Heating/Cooling load in each of the simulated
orientation

12
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zZ

O 8
=

O 6
)
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@

A 2

0

1 2 3

ORIENTATION CODE

Figure 515 Heating/cooling Loads of &tious Roof ypes(sourceField study, 2016)

5.6.6 Building Form
This research is concerned with a form of buildings that described as a selective
mode whch work with the environment even so it is not easy to achieve all the

points see figure 5.16
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Climate rejecting
building

Climate adapted
building

Figure 516 Continuum of Biilding Climate ResponséLoonen, 2013)

reviewed and more detailed format of building forms and tbeiresponding
effects based on surface area to volume ratio of the buildingifoibny Sub
Humid climate its recommended that office buildingsiding should have
Scholars have given suggestioms building form of different climates, also
particular bilding form deals with the climate attached to it. On the contrary,

orientation and vegetation depend largely on the studied site.

5.7 Combination of Various Strategies

After data collection through software simulation, this section is where all those
andysis and results will be translated into action in order to establish new
component materials that have the potential to reduce heat gain and indoor
temperature. To achieve the goal of this research which is set the comfort level
up. The next step of thisork was to combine improved materials together, each

time a group with different type of walls, vegetation and orientation

5.3.1Energy savings with proposed combinations of strategies

The energy savings of the proposed fabrics combinations is measured
approximately where the baseline model is using air conditioning in order to

estimate the annual cooling loads. The results show that by implementing the
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fabrics combinationW3, V1, 90), a great potential savings in the annual loads

could be achieved Wi the highest saving is obtained by applyi( V1, 96).

Table 5.4presents these potential saving beside compares these Figures with the

situation of the Baseline Model.

Table5.4 Energy Savings AnualCooling Loads for VariousCombination ¢

StrategiegSource: Author, 2016)

COMBINATION ANNUAL COOLING PERCENTAGE
COOLING EBERGY EBERGY REDUCTION (%)
LOAD(KWH) LOAD PER

M2 (KWH)

W1, VO, @ (business 2293487.250 216.786

as usual

W4, V1, 90 R4, G4

(Most preferred 508371.438 22.67 68.2

option)

W3, V1, 90 (Second

preferred option) 628701.6 59.426 42.59

Although, there is a relatively close possible saving by applying either of second

or third option combinations still theM4, V1, G4, R490°) group shown the

highest saving among the other groups in these ttoenbinations with almost

85.626 saving of about 48.052KWH/M?/ year. The results also revealed that by

implementing the fabrics combinations of second option a great potential savings

in annual load of abouB892% which is22.67 KWH/M?/ year. Comparing the

results of the improved model with that of the business as usual reeddlable

5.5
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Table 5.5The Difference in Each of the FiveusliedVariables.

Wall Roof Glazing Vegetation Orientation TOTAL

Busin  kwh 1592048. 1382803.4 1882026.94 2072994.44 1801325.57 8731199
ess as 52
Usual

% of 23 20 27 12 18 100

Energy
Impro  kwh 1469530 1081352.26 1622028.4 1865695 1401031 7439637
ved

%

Reducti 17.89 12.30 19.93 7.46 11.34 6892

on

Figure 5.7 summarizes all the sustainable features incorporated in the désgyn.
sustainable features includesulated wall extrude polystyrene, sandcrete blocks
(225mm); internal and external rendering (12.5mm); 3.1Valuie; 3.97 Time
Constant(Hours) The specification for the roofing materials include: ogated
roofing sheet (0.55mm)roof ventilation 0.89 UValue; *hour time lag;roof
insulation; etrude polystyrene insulation thickness of 4 cm saves annual energy of

33227.3 KWhand seveal other conditions as enshrined in Figure 5.17

SUSTAINABILTT DETAILS lf
—

rislars rurdbhoars P i S A

aarivrpier har

-----

Vegelmiier Cavar Qresr Mesn

Tress Basky

IrbmrralOuslgr Corallers
DI R TTL SERS I T

GhrapunniBINrm il bhlaveb B0l

L (Y
T 7 Fropasd Saok Belldimg tar Rederal e bxratty Ko share 6amb- Nierk ‘

TR Ewdmirg Passie Coolrg Skakges as n himerdonss Eremy Bdcencyin Uraer y Serak
: 4 BUKirg h Oy Eubrbemid Cimake :

]
rOurge Malmidash inarge

Figure 517 Energy Saving Aannual Cooling Loads for Variou@bination of
StrategiegSource: Author, 2016)
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6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

From thedesign through to operatidnstages in th@roposeduniversity senate
building of Federal Wiversity, KashereGGombe,80.20% can be reduced simply

by adopting climatic strategies.

Climate Responsive Design principles are beneficial right from the design stage
because buildings areesigned based on natural ventilation, local climate and
materials, and using renewable and clean technologies. Climate Responsive
Design principles therefore allow buildings to maintain comfort with minimal
mechanical support. Adaptive approach was usedatuatingpassive strategies

to achieve coldng for building users in this research.

Building energy calculation is especially beneficial atehdy stage of design to
enabledesigners to make informed decisions on the energy use in the operational
stage of the buildings. This will not only prevent poor building performance due
to electricity failure,b u t al so adapt buil dings to

sector

6.2 Contribution to Knowledge

1- From the previously discussed simulation resititwas shown thaby using
building energy simulatignit is possible tcascertain the reduction in space
cooling energy requirement faniversity senate building Kashere, Gomhe
Nigeria.

2- By applying 100mm thick polystyrene insulation external walls #otal Of
17.8%% percentage of cooling energy demand can be saved in the climate of

Gombe.
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By applying glazing/window double glazed with inter blind which is most
preferred option a total of 19.93of energy can be saved.

Glazing/window orientation conbute to the total cooling energy load
consumption in building.

By applying 50mm polystyrene insulation dmight color roof a total of
12.30% of the energy load is saved.

In Gombe68.9246 of cooling energy can be reduced dpmbining the five
different drategies studied

Stipulated BritishStandard of 15KWH/M2 per annum of heating and cooling
required by most European countries and America can beeabimpNigeria
especially indry subhumid climate zmes as this research achieved

22.6 TKWH/M?2 per annum

6.3Recommendations

Owing to the world climaticchallengs, it is recommended that
sustainable methods such as energy efficiency stratsigoesd be dully
appliedin building design especially office buildingsherefore, building
professionals shouldork together in an integrated approach focusing on
how to improve the thermal performance of buildings; enforcing
environmental and energy efficiency policies and encourage the
development of more efficient, integrated and accessible simulation
techniqus for predicting and improving the future environment.

It should be taken into accoutite micreclimate ofGombeespecially to

the building's form and configuration as the solar radiation is the most

important parameter in this climate.
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6.4 Areas of Futher Research

This dissertation focused on how to design an energy efficient university senate
buildingin the microclimate ofGombe So further research can be;

Study on effect of each individual building element such as Glazing by modifying
various poperty of that element to find out the contribution of each property of
that elemenin improving energy performance of a university senate building
There is need to replicate this research on another building typlitedibrary

or faculty buildingto confirmtheeffect of the used energy efficiency strategies in

such building.
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APPENDICES

APPENDIX 406

Project information of the baseline model in ECOTECT
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Daily schedule of activity for University Sendiailding
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APPENDIX dll 6

General zone settings in ECOTECT

Autodesk Ecotect - Zone Management
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APPENDIX /6

Monthly heating cooling loads of MAUTECH administrative building

Max Heating: 0.0 C No Heating.
Max Cooling: 658.941 kW at 14:00 on 10

May

HEATING  COOLING
MONTH (kwh) (kwh)
Jan 0 2299.477
Feb 0 17730.912
Mar 0 46806.129
Apr 0 84051.719
May 0 89620.016
Jun 0 77672.07
Jul 0 58138.551
Aug 0 45894.27
Sep 0 43102.422
Oct 0 59567117
Nov 0 11145.439
Dec 0 1291.624
TOTAL 0 537319.75

Floor Area: 1779.892 m2
141.4kwh/r of heating/cooling required pe

annum
APPENDIX oVI6
mont hly heating/cooling | oads of
building
HEATING COOLING
MONTH (kwh) (kWh)
Jan 0 34.683
Feb 0 282.702
Mar 0 819.425
Apr 0 1509.973
May 0 1622.735
Jun 0 1393.821
Jul 0 1065.179
Aug 0 834.885
Sep 0 797.043
Oct 0 1097.303
Nov 0 140.605
Dec 0 12.866
TOTAL 0 9611.218

Floor Area: 87.091 n2
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APPENDIX oVII 6

monthly heating/cooling loads of ATBU senate building

Max Heating: 0.0 C No Heating.
Max Cooling: 169.110kW at 11:00 on 21

June

HEATING COOLING
MONTH (kwh) (kwWh)
Jan 0 468.384
Feb 0 7131.288
Mar 0 26365.46
Apr 0 58443.12
May 0 63080.76
Jun 0 54036
Jul 0 39352.02
Aug 0 21149.6
Sep 0 23829.49
Oct 0 31048.23
Nov 0 1381.722
Dec 0 128.565
TOTAL 0 326414.6

Floor Area: 1779.892m2
127.3kwh/r of heating/cooling required pe

annum

APPENDIX ovIll 6

mont hly heating/cooling | oads of
HEATING  COOLING

MONTH (kwh) (kWh)
Jan 0 0
Feb 0 67.624
Mar 0 282.359
Apr 0 663.783
May 0 715.997
Jun 0 610.17
Jul 0 409.508
Aug 0 165.472
Sep 0 208.454
Oct 0 299.573
Nov 0 0
Dec 0 0
TOTAL 0 3422.94

Floor Area: 86.358 m2
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APPENDIX dX 6

monthly heating/cooling loads of GSU senate building

Max Heating: 0.0 C No Heating.
Max Cooling: 142.725 kW at 14:00 ddth

April

HEATING COOLING
MONTH (kwh) (KWh)
Jan 0 825.351
Feb 0 3233.117
Mar 0 10004.39
Apr 0 16543.63
May 0 17989.24
Jun 0 15466.72
Jul 0 12561.77
Aug 0 10310.49
Sep 0 9862.721
Oct 0 11467.85
Nov 0 3572.504
Dec 0 851.655
TOTAL 0 112689.4

Floor Area: 1538.169m2
97.4kwh/m of heating/cooling required pe

annum
APPENDIX X6
mont hly heating/cooling |l oads of VC6s

HEATING  COOLING
MONTH (KWh) (KWh)
Jan 0 0
Feb 0 58.929
Mar 0 243.094
Apr 0 578.722
May 0 622.844
Jun 0 533.757
Jul 0 368.712
Aug 0 170.516
Sep 0 199.377
Oct 0 278.486
Nov 0 1.907
Dec 0 0
TOTAL 0 3056.344

Floor Area: 106.620m2
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APPENDIX &X16

monthly heating/ooling loads of council chamber of ATBU senate building

HEATING COOLING
MONTH (kwh) (kwh)
Jan 0 0
Feb 0 125.403
Mar 0 486.853
Apr 0 1019.876
May 0 1111.967
Jun 0 947.619
Jul 0 729.012
Aug 0 420.783
Sep 0 430.406
Oct 0 574.358
Nov 0 3.082
Dec 0 0
TOTAL 0 5849.358

Floor Area: 93.430 m2

APPENDIX &Il 6

monthly heating/cooling loads of council chamber of GSU administrative

building

HEATING COOLING
MONTH (kwh) (kWh)
Jan 0 0
Feb 0 15.865
Mar 0 78.026
Apr 0 270.612
May 0 281.697
Jun 0 246.03
Jul 0 131.379
Aug 0 14.218
Sep 0 60.234
Oct 0 78.937
Nov 0 0
Dec 0 0
TOTAL 0 1176.998

Floor Area: 100.000 m2
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APPENDIX &Il 6

Results ofMonthly heating/cootig Loads for MAUTECH, ATBU & GSUsenate

Bbuildings

HEATING COOLING HEATING COOLING HEATING COOLING

B B A A C C
MONTH  (kWh) (KWh) (kWh) (KWh) (kWh) (KWh)
Jan 0 2299.477 0 468.384 0 825.351
Feb 0 17730.912 0 7131.288 0O 3233.117
Mar 0 46806.129 0 26365.46 0 10004.39
Apr 0 84051.719 0 58443.12 0 16543.63
May 0 89620.016 0 63080.76 0 17989.24
Jun 0 77672.07 0O 54036 0 15466.72
Jul 0 58138.551 0O 39352.02 0 12561.77
Aug 0 45894.27 0 21149.6 0 10310.49
Sep 0 43102.422 0 23829.49 0 9862.721
Oct 0 595%7.117 0O 3104823 0 11467.85
Nov 0 11145.439 0 1381.722 0 3572.504
Dec 0 1291.624 0O 128.565 0 851.655
Total 537319.746 326414.64 112689.4

A= ATBU; B= MAUTECH; C= GSU
APPENDIX XIV

Results of monthly heating/cooling loafits the council chambers of MAUTECH,

ATBU & GSU senate buildings

HEATING  COOLING HEATING COOLING HEATING COOLING
B B A A C C
MONTHS (kwh) (kwh) (kwh) (kwh) (kwh) (kwh)
Jan 0 32.36 0 0 0 0
Feb 0 300.896 0 125.403 0 15.865
Mar 0 912.891 0 486.853 0 78.026
Apr 0 1655.246 0 1019.876 0 270.612
May 0 1789.111 0 1111.967 0 281.697
Jun 0 1538.775 0 947.619 0 246.03
Jul 0 1206.649 0 729.012 0 131.379
Aug 0 947.293 0 420.783 0 14.218
Sep 0 892.097 0 430.406 0 60.234
Oct 0 1224.386 0 574.358 0 78.9%
Nov 0 134.921 0 3.082 0 0
Dec 0 15.405 0 0 0 0
TOTAL 5849.359 1176.998
10650.03
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APPENDIX XV
Results of monthly heating/cooling | oads

& GSU senate buildings

HEATING COOLING  HEATING COOLING HEATING COOLING

B B A A C C
MONTHS  (kwh) (kwh) (kwh) (kwh) (kwh) (kwh)
Jan 0 34.683 0 0 0 0
Feb 0 282.702 0 67.624 0 58.929
Mar 0 819.425 0 282359 0 243.094
Apr 0 1509.973 0 663.783 0 578.722
May 0 1622.735 0 715.997 0 622.844
Jun 0 1393.821 0 610.17 0 533.757
Jul 0 1065.179 0 409.508 O 368.712
Aug 0 834.885 0 165.472 0 170.516
Sep 0 797.043 0 208.454 0 199.377
Oct 0 1097.303 0 299573 0 278.486
Nov 0 140.605 0 0 0 1.907
Dec 0 12.866 0 0 0 0
TOTAL 9611.22 342294 3056.344
APPENDIX XVI
Result of monthly energy load of various walls
w1 w2 W3 W4

MONTH (kwWh) (kWh) (KWh) (Kwh)

Jan 74594.77 74336.422 87051.406 87022.016

Feb 105259.9 100729.94 99613.617 99319.586

Mar 174456.7 156633.9 131635.86 130878.54

Apr 211050.7 183809.17 144895.25 143916.89

May 215310.4 188054.98 149060.63 148004.64

Jun 198053.4 173580.42 138679.98 137781.97

Jul 175578.4 157730.58 132786.03 131957.3

Aug 166746 151831.66 131657.42 130802.58

Sep 169330.8 152859.77 129707.72 128802.05

Oct 179453.8 160450.83 133115.88 132195.36

Nov 126484.7 118474.59 108160.54 107647.52

Dec 69375.76 70683.344 91370.352 91202

PER M2 142.258 128.799 112.677 112.051

TOTAL 1865695 1689176 1477735 1469530

% REDUCTION 0 9.4609D 20.79391 21.23396
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APPENDIX XVII

Heating/Cooling loads in each of the simulated roofs

R1 R2 R3 R4
MONTH (KWh) (KWh) (KWh) (KWh)

Jan 74594.77  90046.44 148635422  87022.016
Feb 105259.9  74595.96 13018094 99319.586
Mar 174456.7  108515.92 16819491 130878.54
Apr 211050.7  16825.19 16670317 143916.89
May 215310.4  92474.10 15206098 148004.64
Jun 198053.4  106414.44 16505342 137781.97
Jul 175578.4  102903.60 16249258 131957.3
Aug 166746 104115.68 16370466 130802.58
Sep 169330.8  94118.85 15370777 128802.05
Oct 179453.8  94118.86 15370783 132195.36
Nov 126484.7  90417.61 15090659 107647.52
Dec 69375.76  85940.36 145529344 91202

PER M2 142.258 128.799 112.677 112.051
TOTAL 1865695  1150077.20  628215.845  1081352.26
% REDUCTION 0 6.480910 8.89301 15.64285
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APPENDIX &XVIII 6

Heating/Cooling lbads in eah of the Proposed|&zing

G1 G2 G3 G4
MONTH (KWh) (KWh) (KWh) (KWh)

Jan 87022.016 179635422 148635422  87022.016
Feb 99319586 16418494 13018094 99319.586
Mar 130878.54 19810491 16819491 130878.54
Apr 143916.89 19600317 16670317 143916.89
May 148004.64 18206398 15206098 148004.64
Jun 137781.97 19600342 16505342 137781.97
Jul 131957.3 19249258 16249258 131957.3
Aug 130802.58 19370466 16370466 130802.58
Sep 128802.05 18370777 15370777 128802.05
Oct 132195.36 18370783 15370783 132195.36
Nov 107647.52 18000659 15090659 107647.52
Dec 91202 175529344 145529344 91202
PER M2 142.258 128.799 112.677 112051
TOTAL 1865695 2264214 1356375.12  1622028.4
% REDUCTION 0 12.07170 19.79391 23.27396
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variable cooling load results for vegetation

APPENDIX XIX

WITHOUT TREES WITH TREES
VO v
MONTH (KWh) (Kwh)
Jan 74594.7 82562.99
Feb 105259.9 94262.06
Mar 174456.7 124919.1
Apr 211050.7 137487.9
May 215310.4 141698.8
Jun 198053.4 131259.4
Jul 175578.4 125806.7
Aug 166746 125045.4
Sep 169330.8 122946.8
Oct 179453.8 126129.9
Nov 126484.7 102428.3
Dec 69375.76 86484.12
PER M2 142.258 106.828
TOTAL 18.65695 14.01031

APPENDIX 6XX0

Energy Savings annual cool load for orientation

Degrees o° 45° 90°
MONTH (kKWh) (KWh) (kKWh)
Jan 74594.77 87740.2 82562.99
Feb 105259.9 99525.62 94262.06
Mar 174456.7 130715.8 124919.1
Apr 211050.7 143450.3 137487.9
May 215310.4 147544.3 141698.8
Jun 198053.4 137331.7 131259.4
Jul 175578.4 131671.7 125806.7
Aug 166746 130622 125045.4
Sep 169330.8 128620.3 122946.8
Oct 179453.8 131995.3 126129.9
Nov 126484.7 107751.2 102428.3
Dec 69375.76 91795.93 86484.12
PER M2 142.258 111.993 106.828
TOTAL 1865695 1468764 1401031
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