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ABSTRACT

In battlingsomeof the most alarming situations the world is facing right now whieh

the climate change and global warming, architects are saddled with the responsibility of
designing buildings that are energy efficient as buildings account for about 40% of the
total energy useAbout 4060% is utilized in cooling the institutional buifdj while in
residential buildings, cooling accounts for 30% of the total energyruseder to reduce
carbon emissions and decrease urban heat islands, ecofriendly methods must be employed
when designing building3his researcthereforeseekso enhanethermal comfort using
Vertical Greenery System¥GS) as an architectural strateigyresidential buildings in

the hot dry climate oKano that is known to have very high temperatures.

The studyentaik the use of visual survey and computer simulatiaseCstudiesn VGS
applicationwere carried out ilKadunaand Kano and simulation was carried out using
Design Builde® and EnergyPI® as the simulation engires this is one of the most
common, free and validated simulation softw#tethe end of thesimulationanalysisto
determine the effect of VGS on thermal comfdtris found thatliving walls have the
highest impact on temperature reduction attaininmaximum of 7C using 100%
coverage ratio on all orientations. A reduction of 5G3&as attained using indirect green
facadesAll the temperatures obtained after the VGS was applied fell in the range of
ASHRAE standard 5%22.2°G26.7°C)which is the bechmark for thermal comfort in

hot dry climatesA residential estate was then proposed using the findings from the
research. Theesults of theesearch implied that living walls are suitable for west and
eastorientationsand green facades for the nortrdaouth orientationsThe research
recommendshat simulation softwares should integrgteen wall modules to enhance
research process and further studies should be carried out on other plants and types of

VGS such as the direct green facades
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ABBREVIATIONS AND DEFINITION OF TERMS

VGS
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ETTV

ASHRAE

VGS

THERMAL COMFORT
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GREEN FACADE

EVAPOTRANSPIRATION
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LAl VALUE

COVERAGE RATIO

Vertical Greenery Systems.

Leaf Area Index

Envelope Thermal Transfer Value

American Society of Heating, Refrigeration and-Air

Conditioning Engineers

These arastructures that allow vegetation to spread

over a building facade or an interior wall.

This is that state of mind which expresses satisfactis
with the thermal environment.

This is a type of VGS which are also callgeéen walls
and vertical gardens are constructed from mod
panels containing soil or other artificial growil
medium such as foam, felt, perlite and mineral wool
This is a type of VGS also known as green screen w
are formed by climbig plants or cascading groundco\
that are usually supported by cables or trellis.

is the process by which water is transferred from the
to the atmosphere through transpiration from plants
This refers to the thialess of the plant canopy that

layers of leaves of plants.

This is the Leaf Area Index which isr@lation betweer
the leaf area and the square meters of facade.

This is the total area covered by the VGS in relatio

thearea of the facade

Xvii



1.0INTRODUCTION

1.1Background to the Study

Over the yeargesearchshas been carried out on how to improve thermal comfort within
spaces and buildingsith emphasis otioclimatic design principlegHussaini, 2016)
building materials such as double cavity wéllsisa,2016)and building envelope degi
(Arowona, 2017)thesestudies were conducted anstitutionaltypologiessuch as office
buildings, hotels, recreatiacentersard so onPrevious studies also shanot of work
carried oubn thermal condrt in residential typologie$AkandeandAdebamow2010;
Adaji andWatkins, 2015Abdulkareem, Almaiyah and Cook, 2Q1BHowever, only little
work had been carried out on Vertical GneeySystems (VGS) in Nigeria which includes
the worls of AkinwolemiwaandGwilliam (2015)and (Akinwolemiwa, Bleil de Souza,
De Luca and Gwilliam, 2018¥hich were carried out in the hot and humid climate of
Lagos stateThis researclhereforeis focusedn VGS inthe hotdry climate of Nigeria

to explore and investigate its application in this climktethermore, there is a wide gap
in research on the application of Vertical GregrBystems (VGS) such as green walls to
enhance thermal comfart Nigeria(AkinwolemiwaandGwilliam, 2015)as most work
done arédeingcarried ouin Europe, Asiaand the United Statesith climate such as the
hot and humid or the temperate region

The application of plants in buildings has been in existence for years as seen from the
hanging gardens of BabyldgbahanayakendChow, 2017) As technology progressed
there are more effective andvathced methods of integrating these plantbuildings
and thus the concept of Vertical GreenSystems (VGS) came into being. VGS are
structures that allow vegetation to spread over a building facade or an interig?éve#,
Cafiero, Franco and Egex)16) It is mainly categorized into two based on the growing
mechanismsvhich is thecarrierand suppor{Jaafar, Said and Rasidi, 20Hl)d arealso

called living walls and green facad@®rezgt al.,2016)
1



In battling oneof the most alarming situatiorise world is facing right now which is the
climate change and global warming, architects are saddled with the responsibility of
designing buildings that aenergy efficient as buildings account for about 40% of the
total energy usdPerini, Ottelé, Haas and Raiteri, 20R&ji, Tenpierik and Dobbelsteen,
2014) Most of the energyabout 4860% s utilized in coolingthe institutional building

while in residential buildings, cooling accounts for 30% of the total energgFeskeral
Ministry of Power, 2016)For architects to contributes their own quitaensuring the
sustainable energy goal of 2030, buildings have to be designed to reduce their energy use
and still achieve the desired target.

Plarts are known tde excellent in providing micolimate in an environment and have

a number of advantages, asemphaszé&dPrihdtnemtir i mp c
andTaib, 2017)They are adopted in bioclimatic design as landscapunichis one of

its major principles in enhancing thermal comfort. Plants are known to provide shade
againstsolar radiation, serve as wind breakers and cool the environment through evapo
transpiration(Afshari, 2017) Research has shown théie application of plants on
building facadecan cooldownthe ambient temperature of the immediate environment up
to 20C (Mazzali, Scarpa and Peron, 201%is is due to the evaporation from the plants
and substrate material which is knowneaspetranspirationln addition, when plants

are placed on the interior wallbyey improve the indoor temperature and air quality as
they filtrate the sorrounding air and are such called biofil{Ragi et al.,2014)

Greening has become one of the fassolutionsn the world where rapid urbanisation is

the order of the dags plants absorb the carbon aroand give out oxygen in exchange
(Dahanayakeand Chow, 2017) Integrating plants in buildings will not only enhance

thermal comfort but will rendesther benefits such as wind and noise breaking, reducing



energy consumption, acting as food supply (vertical farming), shading and aesthetics

(PrihatmantiandTaib, 2018)

1.2 Problem Statement

Research has shown that Vertical Greenery Systems (VGS) are effective in cutting down
the energy used for cooling and enhancing thermal comfort in buildings. Hence, VGS
have been applied to various kinds of buildings ranging from institutional to resigenti
low-rise to highrise.Previous studieis Nigeriashowa lot of work carried out on thermal
comfort in residential typologiesith emphasis on building envelope, building materials
and so onHowever, only a fevof these works had been carried ouMantical Greenegr
Systems (VGSyvhich was carried out in the hot and humid climate of Lagos. $fatst

of the studies on VGS were conducted in temperate and fully humid clifnateisi sub
tropical and Mediterranean climatiesthe developed countries.ttle has been done on
tropical and arid regions and the developing counttias.to VGS peculiarity with plants

it is important to know how these plants behave under different climatic conditions and
as to what plants are suitable for a particular clifmagesuch results from one climate is
not sufficient enough to be applied to anothEhnis is why this research is set to

investigate how VGS can enhance thermal comfort in the hot dry climate of Nigeria.

1.3 Justification
There is need to providdl@ermally comfortable and conducive environment for residents

which can only be achieved by finding techniques to mitigate the effects of climate change
and global warming such as urban heat island and pollution. Plants are krizeviety
effective in poviding a micro climate, reducing and cooling the surrounding temperature
and even filtrating the air. They are one of the best solutions in mitigating urban heat
island. By integrating VGS in buildinggnergy consumptiors reducedas plants are

provento cool the environment, serve as insulation and provide a means of shading.



In addition, here arevery few studies available oGS for enhancinghermal comfort
in Nigeria,not onlyin residential building®ut the whole built environmeriKoc, Alan
andPaul, 2018 This research contribusgo the body of knowledge in $sponse to the

Sustainable Devel opment Goals (SDG6s) and

1.4 Aim and Objectives

The aim of this study i® enhancéhermal comfortising VGS as an architectural strategy
through the following objectives:
1. To examine the relationship between VGS and indoor thermal comfort in
buildings.
2. To evaluate the application of VGS characteristics in seledseial survey and
assessments.
3. Todetemine the effects of VGS on thermal comfortésidential building design
through computer simulation in tihet dry climate of Nigeria
4. To demonstrates the aatme of the study in the design of a midrismusing

estate.

1.5Research Questions
1. What isthe relationship between VGS and indoor thermal comfort in buildings?

2. What are theffects of VGS on thermal comfat residentsn residential building
design in hot dry climates of Nige#ia
3. How can the result of the study be best demonstrated in tignagsa midrise

housing estafe

1.6 Scope
For the purpose of this research, the application of VGS is limited to providing thermal

comfortthrough the shading, evapotranspiration #etmal insulation effects only. The



research is limited to kano state whids a hot and dry climate. The issue of maintenance

and occupancy behavior is beyond the scope of this study.



2.0LITERATURE REVIEW

2.1Introduction

This chapter gives an overview of Vertical GregnSystems (VGS), its applications,
benefits, relationship with thermal comfort and discusses what has been done from

relevant literaturelt also sheds light on midrise housing design.

2.2 The concept of Vertical Greenery $stems(VGS)

Vertical GreenenBystems (VGS) can be defined as structures that allow vegetation to
spread over a building facade or an interior wHfley consist of vertical structures that
spread vegetation that may or may not be attached to a building facade or the interior wall
(Péez,et al.,2016) VGS are als&nown as wall gardens or plants on wallsey are also
termed as greewall technologies, vertical gardens or biowalfegetating of building
facadeshas been in existence since ancient times and as such has been identfied
traditional architectural featurdt dates back to @0 years ago in the &diterranean
region(Periniet al.,2011) These vegetated walls wdrasically built with sekclimbing
plants.They have been usad the UK, Europe and in North Americaniegsince the
seventiethcentury Over he past years therbave been significant technological
advancementm its application making itmore efficient andlexible. Modern VGS are
capable of fiing into a wide range of buildg applications, approaching higher
elevations and overcomingost of the linitations encountered previouglpahanayake

and Chow, 2017)

2.2.1 Benefits of VGSin Buildings

Application of greeneries in and baildings has been recognized as a potential approach
in the hotand humid climate to mitigate urban heat island and provide a suitable
microclimate(Prihatmantiand Taib, 2018) A lot of research has been carried out with

emphasis on the benefi§ greeneries ibuilding, focusingmainly on energy efficiency,



cooling strategy, and thermal comfort improvemanth agPeriniet al.,2011;Jaafaret
al.,2011, Rajiet al.,2014;Comaet al, 2017 Afshari, 2017) VGS as a source of growing
food (Despommier2009; Abel, 2010.Oc cupant s 6 ¢ omendproductiviyat i s f
(Taib and Abdullah, 2012). @rbon sequestration of plantdmir, Yeok and Rahman,
2014 Charoenkit and Yiemwattana, 201X)GS is found to be very effective and has
functionas the green ro@Raj et al., 2014) The vertical skin of a building is larger than
the roof area and as such found to be important especially fbutalings researchers
have established some of the benefits of VGS in buildings which are as follows:

1. Reduction of energy consumption

2. Improving thermal comfort

3. Reduce thermal sequestration by growing edible plants

4. Act as food supply (vertical farming)

5. Act as noise barrier

6. Wind braking

7. Shading and Aesthetics
Both living wall and green facadeve been proven toeduce the outdoor wall suda
and air temperature up to I1°and 4.71°C respectivelySgnakornand Yimprayoon,
2011)). It is also proven that VGBas its maximum performance in the daytime in terms
of its shading, evapotrapisation, and photosynthesis (Woegal,2010). The work of
Wang, Er and AbdeRahman (2016$tated that VGS is also effective in improviting
aesthetic valuef the building as ienhancethe visual impact ankide unsightly feattes
this is also in line with the work divhite and Gaterslebef2011) who assessed the
aesthetic impact and the level of perceived restoration that may be achieved by placing
green roofs and facades onto homes. The study revealed that houses with -building

integrated vegetation were more preferred and considered more beassiftdtically



pleasing, and restorative than those without vegetafioa.plated and Il below show

some examples of existing living wallsed on both interior and exterior walls.

Platell : Application of Internal Living Walls. Source: Prihatmaatid Taib (2017).

2.2.2 Classification d VGS
According toPérezet al., (2016) VGS can be divided into two major grou@seen

facades and Living wall&hich areclassified based on the growing mechanism; carrier

and supporfJaafaret al., 2011)

2.22.1 GreenFacades

Green Facades also known as green screens are formed by climbing plants or cascading
groundcovethat are usually supported by cables or tre{feriniet al.,2011)They are

usually rooted at the ground in plantéfhiey can also consist of intermediate planters
fixed to the wall at certain spacing, or they are seen falling from rooftops as green

cascades over the wdlPérez,et al., 2016) According toPerini et al., (2011) Green



Facades are classified into thrdepctgreeningindirectgreeningandindirectgreening

combined with planter box.

i.  Direct greening; plants are grown building facade from the ground.
ii.  Indirect greening: this involves using cables or meshes to support plants for
climbing. It is also known as double skin green facade.
iii.  Combination of indirect with planter box: this combines cables, meshes and

planter box.

The application ofdifferent systems and materials can haiteer positive or negative
influence on the environmental burden. Taking into consideration the plants species,
materials involed bendits to be deriveds a sustainable option for nesenstrucons
and retrofitting. ©nsequently the system or method of VGS must bautiously
considered. It has to be effere, economical, feasibl@esthetically pleasing and suits
the climatic condition of the locatigiPrihatmantiandTaib, 2018)

According toPeriniet al., ( 2011),the direct greeningystem has a very small inflnce

on the total envonmental burden, for this rean this type ofyreening, without any
addtional mderial involved, is always a sustainable choice for the examined cases.
The indirect greening systewhich involves the use of support for growtlas seen to
have high inflence onthe total environmental burden whenings stainlesssteel
supporting systemMaterialssuch asvood, plastic, alunmum and steel can also be used
as supporting systemwhich makes thenvironmetal burden of the system abduit times
lower than thestainlesssteelmesh(Periniet al., 2011) The plates IIl, 1V, and V below
illustrates the diregreen facadendirectgreen facadand indirect with planter baype

of green facades



Platelll : Direct green fagade. Source: Pesghal., (2011)
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Plate 1V : Indirect green facade. Plate V: Indirect combined with planter box. Sources:

Periniet al., (2011)

The plates/I and VIl below show application dhe direct and indirect with planter box

green facadesn exterior wallsn existing buildings.

Plate VI : Example of Indirect Greening. Source: Pé&seal., (2016).
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Plate VIl : Example of Indirect Greening combined with planter box. Source: egabz
(2016).

2.22.2 Living Walls

Living wall systems, which are also callegteen walls and vertical garderse
constructed fsm modular panelsontaning soil or other arficial growing medium such
asfoam, felt, petite and mineral wool. The system is based on hydroponic culture that
utilizes balanced nutrient salions to provide h e p dod antl Wwader réquirements.
Living walls require a water proof membrane tevent dampness arah irrigation
system(Pérezet al.,2016) Evergreen (as small shruligants are usually used for living
walls. The systems havbeen developed in the lastwieyears, havingdifferent
charactestics, starting fromhe growing mediun@Periniet al.,2011) Thereare different
systens of living walls, which include panel, cloth, pocket sstwhich can belanted
in-situ or using preregetated panels. It al®onsists ofa growing media which cape
organic orinorganic.Raji et al., (2014) mentionedhat living walls can beategorized

based on their location &kternalandinternalliving walls.

External living walls are placed on the exterior part of the building envelope. They
modulate the indoor temperature thereby enhancing the thermal comfort through a
combination of 4 mechanisniBérezet al.,2016: - interception of solar radiation by the
vegetationthermal insulation provided by vegetation and substesgporative coohg

andmodification of wind pattern in the building environmeAtcording toMazzali et
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al., (2014) living walls can reduce the indoor temperature up to about 20°c. The

temperature reduction however, depends on lighting and plant species.

Internal living walls are also known as Bio filtefRaji et al.,2014) They are placed in

the interior of a space and are good alte
quality. As biofilters they filtratethe indoor air by purifying the air passively through

natural convention or an air conditioning system could be used to facilitate the process.
The cooling effect of the indoor living walls results from the combination of evaporation

from constant irrigabn and transpiration from vegetation. Due to their capacity in oxygen
production and biofiltration of volatile compounds (VOCs) and carbon (V) oxide CO

the need for air filtration is reduc€@aji et al.,2014) Mostly, indoor living walls are used

in transitional spaces such as balconies, foyers, lobbies et@tdratmanti and Taib,

2017) Indoor living walls has been seen tduee temperature to aboubaC (Pérezet

al.,2016)andit is enhanced where natural ventilatiomjgimized

The Living wal systembased orfelt layers has a high envirorental burden due to the
durability aspect and the materials used while those basguaoter boxes has not a
major footprint due to the nexials involved, since the raials affect positively the
thermal resistance of the syste(Rerini et al.,2011) The platesVIll and IX below

illustrates thelifferent types of living wallsndicating their irrigation systems.

12



Plate VIII :

waTEm
U

PANEL SYSTEM

Living wall with a panel system. Source: Péeeal., (2016).

CLEANED AND
COOLED AIR
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CONTAMINATED
AR

AR

ACTIVE SYSTEM

Plate IX: Living wall with an active system. Source: Péeeal., (2016).

Plate X below show existing modular living walls using different types of plarttse

popular living wall designed biatrickBlanc.

Plate X: Examples of Living walls. Source: Pérgzl., (2016).
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2.3 Effects of VGS on thermalcomfort

Different studies have been conducted to investigate the effect of different applications
of VGS on energy savings, temperature #retmal comfort in buildings

A study conducted bySunakornand Yimprayoon 2011) in hot and humid tropical
climatethe indoor air temperature was measured for 2 west oriented rooms with a room
having indirect VGS at 70cm away from the wall and the atherbeing just a bare wall.

To evaluate the impact of wind velocity on thermal performance, natural ventilation and
no ventilation scenarios were adopted. The temperature difference between the ventilated
andnoneventilated were 0.9K and 0.3K. This wasatonfirmed by{Chen, Li and Liu,
2013)in the study carried out in a lab environment with no ventilation, the temperature
reduction was only 0.4°c.

Comaet al., (2017)investigatedhe thermal performance of two differenGS for both
cooling and heatim periods. The VGS were a double skin green facade made up of
deciduous creeping plants and a green wall of evergreen species. The research showed
that there is high potential from both VGS to save energy in sumniére green wall
showedthe highest cooling performance achieving saving§89%, while the green
facade showed eduction of 33.8%. livas also established that theraidirect relation
between solar irradiation and enegavings. It indicated thatashigher energy savgs
potential inclimates with high solar irradianc®thmanandSahidin 016)carriedout a

study to determinéhe temperature difference in two offibaildings onewith VGS and

one without in a tropical climate imdonesiaThe results show that thefioke with the

VGS is effective in reducing the indoor temperature by 3.19%so indicatedhat the

office with VGS had a decrease in its humidity.

2.3.1 Mechanisms through whichVGS actsas a passie technique.

According toRaji et al., (2014) andPéezet al., (2016)there are threkey parameters

which determine the impact of vertical greening systems as a passive technique for energy
14



saving in a building: the cooling effect of vegetation and substrate through
evapotranspiration, the thermahsulation effect through making a microclimate
environment between the canopy and building envelope and the shadow effect of the
vegetation layeMWhile in (Comaet al,2017)it was mentioned thdbur factorsnfluence

the operation of VGS as passivetsys forenergy savings ibuildings;

The sort of construction stgsn used to place plants on thélding facadesthe climatic
condition, the type of plant spe@eused (deciduous or evergresenrubs or climbing
plants,)the last key factor is related tioe various mechmsmsthat make these systems
act as pssive tools for energy savings buildings such as shadow, idation,
evapotranspiration andind barrier effectsEarlier studies showhat theshadow effect

has the highest impact over theduction of thebuilding wall temperature and,
consequently, over the energpnsumption(Coma et al, 2017) Using deciduous
climbers toregulate seasonal variatioosshadingnay be employedspecially in winter
when energyconsumption may increase lese of the shadow produced by the

vegetation orthe building(Pérezet al.,2016)

2.3.1.1 Shadow effect of the vegetatiayer
Vertical Greenery Systentan protect the building envelop®in overheating through

shading(Raji et al.,2014) The shading effet of a VGS depends mainly on tfadiage
densityand the coverage ratidhe total solaradiation striking a VGS®lepends on the
physical charactestics of the greenery, which igsansferred into these three ways:
reflected to the atmospher#, absorbed by the canopy or transmitted through theAeaf
study conducted bylp, Lam and Miller,2010) showedthat the solar transmittance
through one leaf layer being 45% dropped to 12% when it passes 5 leaf layers. This is
also in accordance with éhwork of (Prihatmantiand Taib, 2018) which indicates the
effectiveness of multilayer plant covering in enhancing thermal corfiosiing by VGS

reduces thexternal surface temperature and the consequent incoming heat flux through

15



building envelopeA study conducted byWonget al,2010) experimented the influence
of different VGS on surface temperature of 9 free standing concrete wall in Singapore
having he substrate thiclass and the foliage height to Héferent in each vertical
system.The maximunreduction was 10.9°c for living walls with modular panels. This
might vary according to the climate conditions and experimental conditions. @hen
al.,2013) observed a cooling effect of living walls by a reduction of 20.8°c.

Envelope Thermal Transferalue (EFTV) is an indicator for the thermal performance of
a building envelopdn the work of(Wonget al,2009), in which simulation was done on
the effect of veical greening systems on th&EV of a 2@story hypothetical building
fully coveredbyglas. There was a de¥KIVbyad8%whenthe t he
plants coverage ratio was 50%, and thirstransmittance value was 4%. Whitre
shading coefficienvas increasefiom 0.5 to 0.98, the ETV reduced to 21% an@l.6%.
Furthermore, they establishadinear correlation between shading coefficient beaf
Area Index ILAl). Which implies thathe higherthe value of LAI, the lower thesolar
transmittance, hence gteathermal performance for the buildinghe efectiveness of
VGS is influenced bysolar radiation intensitgand outdoor conditions. This is eent
from the work of(Nori, Olivieri, Grifoni and Bedoya, 2018jat establishethe highest
recorded temperature of 46.7 °C faramventonal facade, and 22Q for agreen facade
on a sinny day with a maximum solaadiation of 692 W/rfK, while on a cloudy day
with lesssolar radiation (MVR: 140.8 W/fK), the temperature differences between the
two facades was only 3.1.Klazzaliet al., (2014)also showed thidhe external surface
tempeature differences of three different Living wall systems &adnge between 1 K
(a cloudy day) to 20 K (a sunny dayhich wasaffected by the amount of solar radiation
It is established thashadow effect has thieighest impact over the reduction of the

building wall temperature and, consequently, over the erengyumption
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2.3.1.2  Evaporative cooling of thesgetation and gbstrate

Evapotranspiration is the process by which water is transferred fronarbetd the
atmosphere tlaugh transpiration from plant¥Mong et al,2003).VGS can efficiently
shield the building from solar radiation compared tovemtional solar shading diees
(DahanayakendChow, 2017) Most of thesolarradiation absorbed by tlggeeneriess
used for photosythesis metabolismand for evaporating water intbé surroundings
known astranspiration.The substrate of VGS als®vaporatesvater on absorbing solar
radidion. Both processes combined &eemed as evapotranspiratiamich resultsn a
cooling effect of the swoundings(Malys, Musy and Inard, 20)4The evaporation of
water is the most inexpensive and effectimethodto cool a buildingA meter cubic
consumes 680 kWh of water evaporat®dhen facades are vegetated, additional
evapotanspirationoccurs, which has a grepotential for reducing temperatures of the
surfaces of buildings and improving the environment inside and around the bulliaéng.
evgoatranspiratiorfrom plantsis the most important environmental benefit of vegetated
roofs and facades iarban areas. This because they redutke temperature of the
surfaces andmproves the management of runoff rainwai@hewekaand Mohamed,
2012) The application of/egetation provides a lot of moisture environmental bonus to
dry indoor environmen(iMiller, Ip, Shaw and Lam, 2007)he water evaporated by trees
can increase the absolute humiditytapl-2 kg of water per m3 dadry air (Papadakis,
Tsamis and Kyritsis, 2001)The cooling effect takes placedue to the water
evapotranspittion processrom the plantsand substrates.Some studies reviewed by
Pérez, Coma, Sol and Cabe2817)consideredhis effect, while someof themdid not
considetheeffect producethy waterevapotranspirationt was noticed thatie reduction

in surfacetemperaturesf thewa | | 6 s fdgadedletbithe gresencef plantsare
considerediscooling effect, without differentiating betweeshadingandcooling effect.

Regardingthe cooling effect, the effect thainfluences thehermalbehavior inGreen
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Facadeds only thetranspirationfrom plants which depends on tipdant speciesthe
irrigation regime and the facade orientation While in the case of Living walls,
evaporationfrom the substrateshould be addedto the transpiratiorfrom plants. The
evapotranspiration depends on all the variables of the Green facades and the moisture
content of the substrate in its cagéong et al, (2010) studied the influence of various
VGS on ambient temperature, it was discovered that the best result was obtained in the
vicinity of the living wall with a reduction of 3.3°c and 1.6°c at a distance of 15 and 30
cm from the wall. The VGS no longeffected the ambient temperature at a distance of

60 cm from the living wall. The study also infers that the use of appteraeneries
improvesthe micralimate significantlyPeriniet al., (2011)evaluated the differences in
ambient temperature ihe vicinity of three VGS (direct, indirect and living wall). It was
deduced that at a distance of 10cm to 1 m away from the wall (in all three instances) no
remarkable difference was observed. The difference between the two studies is due to the
differenceof environmental factors on evapotranspiration rate.SHwendesearch was
carried out in a temperate climate during autumn where the direct solar radiation is low
while (Wonget al, 2010) was carried out in tropical hot climate in summer. In a study
conducted on indoor living walls bfFernandezCanero, Urrestara and Salas, 20itR)
Mediterranean climate of Spain during the warm period. It was found that thieram
temperature reduced by 4°C, a significant reduction ofWa€ observed at the vicinity

of VGS. There was also an increase in indoor humidity to about 15% near the living walls.
The study shows that indoor living wall can enhance comfortable condition of a space

especially in hot and dry climate.

2.3.1.3  Thermal nsulation by VGS
Thepresence of air cavity between the building fagade and VGS resultsi¢ooglimate

environment which acts as a thermal buffexducing the heat flux through the building

envelope by regulating the ambiext temperature and wind spe@®iaji et al., 2014)
18



VGSusuallyconsist of a number of layers, such as lagémant, substrate andrairhese

layers provideadditional thermalinsulation for the building facke and controkhe
thermal coductance to indoor spacéccording toDahanayakend Chow (2016) the
thermal conductivityof vegetation is negligibldHoyano (988)also established théta
concrete wall is covered with layer of vegetation, heat transfer beamreduced
approximately by @ 5 k Wh m1 2 . The i nsuldepgendrog thec apac.i
thickness of the substratimliagedensityand properties of the intermediate air layéits

night, when there is no solar radiation a green facade has higher surface temperature
compared t@ bare facad@Nori et al.,2013) This is due tdhe themal buffering ability

of intermediate microclimate and its influence on deceleration of the heat loss through the
building envelope(Raji et al.,2014) The Insulationeffect of VGS is relatedto the
insulationcapacityof the different layerdependingnthedifferentsystemsomposition,

such aghethicknessandmaterial of thesubstratdayer,the air in the plant layerother
possible mtermediatair layers. A study conductezh a detached green wall, assembled

on a steel straare with 80150 cm disance fran northwest, southweshd southeast
facade in the dry Mdterranean continental climate §érez, Rincén, Vila, Gonzalez

and Cabeza, 201fbund out thathie amount of transmittance through the foliage range
from 37% in spring to 3% in summer when the green wall has the highest coverage ratio.
The role of microclimate envirmment in the intermediate layer was also measured and it
was discovered thantermedate space hadlower temperatures (maximum 2 °C) and
higher humidity (maximum 7%) compared the ambient environmenChenet al.,
(2013)observed the influence of natural ventilation and the air cavity thickness on the
cooling effect of microclimate emonment in the intermediate space. The greatest
temperature decreasé air cavity wasaround 9.7C in the Living wallthat wasplaced

within 3cm from the wall and sealed in all directiofRerini, Ottelé, Fraaij, Haas and
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Raiteri,2011)hadalso invesgated the correlation of air cavity thickness with thermal
insulation properties provided by green wallswas found that when the air cavity
between the VGS arttie wall was little about 4cm whigk more effective in providing
thermal insulation. Thewlso deduced that a decreasdha air layer thickness of an
indirect greening system by aroundg£m would improve its thermal insulation impact
on building.

2.3.1.4  Wind barrier dfect of VGS
Previous studies indicate that VGS has the abuigct as wind barrier and consequently

block the effetof wind onbuilding facadegPérezet al.,2011) This effect depends on

the density and penetrability of the foliagagadeorientation and the direction and
velocity of the wind.McPhersoret al (1988)conducted a simulation on vegetation in
orderto test the effects of irradiance awthd reductionon the energy grformance of
similar buildingsin four US cities representing four different climat@ie results
indicated that focold climatesplantingshould be designed teduce winter winds and
provide solar access to south and east wHiis also is applicable to temperate regions.
Neverthelessywhen using vegetation as a modifier of the effect of wind on buildings, it
mustbe designed in such a way as to not obstruct the ventilation in summer and not
encourage the circulation of air in wini@hewekaandMohamed, 2012)For design in

hot climatesyegetation should be designed to encourage both shade an(Pénedet
al.,2011) In winter, cold wind plays a crucial role in reducing the temperature inside the
buildings. Even in airtight buildings, the wind reduces the effectiveness of regular
insulation.Previous studiefound out that the energy consumption in winter increases
because of the shadow produced on the buildingcdnsiderableeductions in energy
consumptiorup to 25 %are finally obtained due to thegfect of change in the climate in

air cavity betweenthe wall of the building and the green facade and the wind speed

reduction(Dinsdale, Peareand Wilson, 2006)Nevertheless, the ability to reduce the
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wind speed and the air cavity between the building wall and the VGS should be taken into
consideration as th effect can offset the negative effect of the screens vegetated in winter
because of the shadow eff¢BassandBaskaran, 2003)A study conducted biperiniet

al., (2011) ontheeffect on air flow and temperatuoé VGS on the buildingenvelopeit

was established thdig direct greening system and the living wall system bas@thnter

boxes are the most effective wind barriers,ré@uction of the wind velocity affects the
thermal resistance dhe building envelope and henite efficiency. Meanwhile, he
indirectgreening systerd o e s n 6 t

air cavity; it is likely that the sanmsystem with an air cavity of 460 mm could work as

a stagnanair layer.

Tables2.1a and bshowprevious studies conducted on VGS, its location, climate, period

of study, technique adopted, mechanism reviewed and its impact on thermal comfort.

affect

Table2la Summary of Studies on VGS applications

dud te the thicknesmafkthe r e s i

Author Location/ Period VGS Plant Mechanism of Impact of VGS
Climate of Study Technique VGS
Hayono Japan/ warm Summer Traditional Parthenocissu Shading 10°C
(1988) temperate; green facade s temperature
fully humid; Tricuspidata reductionon
hot Outdoor surface
summer of greenfacade
Alexandri Diverse  Double skin Evapotranspira 4.5°C decrease
andJones Climates green facade tion in
(2008) Shading Mediterranean
Wong Singapore/ Green facade Hemigraphisr Shadingand Reduction of
et.al., equatorial; and Living epanda, §: evapotranspira 11.58°C in
(2010) fully wall Phyllanthus  tion exterior surface
humid myrtifolius, temperature on
Tradescantia green wall and
spathacea 3.33°Cin
ambient
tenperature
Kontoleon  Greece/ Summer Direct green  Parthenocissu Shadingand 5.7°C reduction
and warm facade S Insulation on external wall
Eumorfopo temperate; Tricuspidata surface
ulou (2010) fully humid,;
warm
JimandHe Hong Kong/ Summer Living wall Ficus pumila, Shading effect Surface
(2011) Warm and Campsis temperature
temperate; Winter Grandiflora reduction up to
winter dry; 5°C
hot
summer
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Table 2.16Summary of Studies on VGS applications

Author Location/ Period of VGS Plant Mechanism of Impact of VGS
Climate Study Technique VGS
(Perezet. Spain/ warm  Spring Double skin Wisteria Shading, 5.5°C lower
al.,2011) temperate; and green facade  sinensis Evapotranspiration exterior surface
summer dry;  Summer , Insulation and temperature
hot wind barrier compared to bare
summer effects wall
Perini Netherlands Autumn  Direct green Helix Wind effectand reduction of
1.2°C, 2.7°C,
et.al., facade, Double Hedera and evapotranspiration and 5°C in
surface
(2011) skin green different temperature for
direct, Double
facade anda  evergreen and Living wall
Living wall plant species
Susorova Chicago Summer Direct green Parthenociss Shadingand Surface
/snow; fully us temperature
et.al, (2013)  humid,; facade tricuspidata  Insulation reduction of
hot summer 0.7°Cand2.1°C
reduction
adjacent to VGS
Chenet al., China/ hotand Summer Modular living Reduction of
humid 20.8Cin
(2013 wall exterior surface
temperature and
1.1°C in interior
space air
temperature for
living wall
Djedjiget al., France/Oceani Summer Living wall Shading, heating load
c reduced by
(2015) Athens/ and Evapotranspiration 11.9% in France
Mediterranean and by 8.7% in
Winter and Insulation Athens.
(Othmanand  Indonesia/ Indirect green Shadingand Reduced indoor
tropical temp by 3.79%
Sahidin, facade evapotranspiration
2016)
Comaet. al,  Spain/ Summer Living wall Boston vy Energy savings 58.9% savings
Mediterranean (Rosmarinus for living wall
(2017) continental and andDouble officinalis while the green
climate and facade showed a
Winter skin green Helichrysum reduction of
thianschanic 33.8%
facade um)
(Dahanayake China Summer Living walls Peperomia  Shading, 26°C decrease in
claviformis exterior

andChow,

2017)

evapotranspiration
, insulation and

energy savings

temperature of
facade and 3%
decrease in
cooling load
during summer
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2.4 Parametersto be consideredfor the application of VGS

Earlier studies had established certain parameters to be considered when usiagadVGS
passive tool dr energy savings in buildingsspecially when using doubgkin green
facades The following are the most important parameters that researchers used in their
analysis the plant species the facade orientationfenestration designthe foliage
thicknessor density the substrate thickness for Living walés)d the air gap thickness
between the plamayer and the building facade wélllalys et al.,2014; Péreert al.,2014;
Pérezet al.,2017) When measuring the effects of the wind barrier ability, then the
direction and velocityf the wind should be considerédérezet al.,2011) The above
mentioned parameters also depends on some factors such as the climatic condition, the
construction teamique of the VGSthe amount of solar radiati@amdthe period when the
study is taking place such as during the hot or cold péfedniet al., 2011, Prihatmanti

andTaib, 2017 Coma et.al., 2017).

2.4.1 Plant speciesslection

Various significantfactorsareto be considered beforelecting the appropriate plant
species. Selecting the appropriptants for any VGS application is vegrucial as the
choice of the planstrongly affect its functioraswell as its visual qualityPrihatmanti
and Taib, 2017) Inappropriateselection of plant speciesn lead to various problems
such as excessive growth, plant losses, pest or diseaidems, high maintenance, poor
public perception, andnattractive structureghis of course wilrender its application
uselessDifferent weather conditions influence the type of plants to be uisdrbpical
countries, plants must able to withstand thedwat humid onditions(Prihatmantiand
Taib, 2017) Also, to achieve sustainabilitii¢ plaris used should be available from the
localmarket for the ease of maintenance and replacef@aaroenkitandYiemwattana,
2017) Forliving walls, small herbaceous species, perennial flowers,dombs ferns

and grasses are suitable for living wagdplcation (PrihatmantandTaib, 2018).The leaf
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size also determines the effectiveness bwiag wall which is determined by the Leaf
Area Index (LAl)value.The diversity offoliage density could modify the microclimate
through thedifferent layers as nasured by the LAI value. Foliageze andcolor also
improvesthe thermal comfort asvell as enhancing thaesthetic valueapplication
(Safikhani, Abdullah, Ossen and Baharvand, 2@rthatmantiandTaib, 2018).

Table2.2 below isshowing some plant species adopted in some studies, with their effects
on thermal comfort showing the location and authors.

Table22 Plants Specie and their Benefits.

Type of Plants Species Benefits Author, Location
Ornamental plants Air temperature reducday maximum Sunakorn and
- Blue trumpet vine 4.71°C Yimprayoon(2011)
(Thunbergia grandiflora) Location:Bangkol
- lvy gourd Cocciniagrandis) tropical climate

Edible and medicinal plant
- Mexican creeper
(Antigonon leptopus)

Edible andmedicinal Average of carbon (Amir et al,
plants sequestrat iCOAM?2iwas 2014)
Winged bean converted to kg CO2 per Location:Malaysia
(Psophocarpus year per M equal td®357.83 kg CO2
tetrogonobulus) year! hectar!
Outdoor wallsurfacetemperature reducec Rahmaret al,
by maximum 11°C (2011)

Location:Malaysia
Maximum surfacéeemperatureropsuntil  Basheret al, (2016)

6.4°C Location:Malaysia
“Ornamental plants has the best performanitetemperature ~ Charoenkitand
- False heathgiCuphera reduction Yiemwattang2017)
hyssopifola H.B.K.) Large living wall hasetter thermal Location:Thailand
- Princess flowers Performance tropicalclimate
(Tibouchina urvilleana)
- Chinese crotofExcoecaria
cochinchinensis)
Ornamental plants Wall temperature is reduced by maximui Wonget al,, (2010
-Dragonds breat 1158°C
(Hemigraphis repanda) Location:Singaporé
- Ceylon myrtle equatorial fully humid
(Phyllanthus myrtifolius)
- Oyster plant
(Tradescantia spathacea
6Compagct a
Ornamental plants Temperature change occurs consistently (Jaafaret al.,
-Ki ng6s Tnekecta) | e on average 1.5 °C at the higle building 2011)
- Mondo grass@phipogan due to the usage of modular Location:Malaysia/ hot
verigated) system in largguantities and humid climate
Ornamental plant - Indoor temperature is reduced up to 3° (Safikhaniet al,
Blue trumpet vine by the living wall and 4°C by the green  2014)
(T. grandiflora) facade

- Wall cavity Location:Malaysia/ hot

temperature can breduced 8°C by the and humid climate
living wall and 6.5°C by the green facadt

Source: PrihatmanéndTaib (2018).
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24.1.1 Foliage censity

To achievethe optimum performance of VGS building especially its shading effect,
foliage densityneeds to beonsidered sincghadow effect depends on the foliage density.
To generate igh-quality shadow,plant with dense foliagemultiple layers of plant
caropyor with dense canomhould be employeGhahidarandJones, 2008)n a single
layer,aleaf could approximately absorb 50#&ible and infrared radiation, 30%ould
bereflected and only 20%ansmitted Prihatmantiand Taib, 2017). This indicateghat
more layers of leaves could be more effective at reducing saldiation. The most
common measurement for foliage density.eaf Area Index (LAJ. According toPérez
(2017) LAl is a key parameter toharacterizehe foliardensity as well as the theal
behavior for vertical greeneriedue to the shadow effect created by the foliage.
CharoenkitandYiemwattana (20179lefined LAI as the ratio of totainesided leaf area
to the ground surface area. In plants, the layevalue effectivelycools thebuilding
and lower the coolingpad due tahe evaporation effect. The larger the LAI valthe
higher the effect of shading quality, magnituderahspiration process and higher effect
of radiation filtration. Plate XI below shows the radiaticabsorbed, reflected and

transmitted through a leaf layer.

Visible Radiation

80% absorbed

nfrared Radiation 10% reflected
[20% absorbed 10% transmitted

I50% reflected
Q°/o reflected

3 0% transmitted

\50"/0 reflected

absorbec

- Ppe 10% transmitted

-
’ 30% transmitted

Plate X1 : Amount of radiation absorbed, reflected and transmitted on single leaf layer. Source:
PrihatmantandTaib (2018).
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2.4.1.2 Leaf Area Index (LAI) value.

LAl is a main parameter in characterizititge foliar density as well as the thermal
behavior for VGSdue to the shadow effect created by the folid@grezet al.,2017)
According to CharoenkandYiemwattana (2017),Al is the ratio of totalone sided leaf
areato the ground surface ar@ et al.,2010) Leaf area index is a common biological
parameter defined by single side laeda per unit ground ar€aafikhaniet al.,2014), In

the case of vertical greenery, LAl describeslation between the leaf area and the square
meters offacadeinstead of the relation between the leaf area and the square ofeters
floor as usua{JimandHe, 2011) Moreover, it isnecessary to take into account the fact
that in a green facade thél value changes with the heig{Rérezet al.,2017) This
implies that darge LAI value could effectively cool the building and lower the cooling
load due to the evaporation effect. The larger the LAI value, the higher the effect of
shading quality, magnitle of transpiration process, and higher effect of radiation
filtration. However, there is lack of study regarding this concept if applied in the form of
vertical planting and planted in limited spaces although the presence of greeneries in
building is ben#cial using LAIto determine the planiafluence on several performance
variablesis what is done in most researches. However, some studies determined plants
gualities in different ways in some caghe thickness of plants and substiong et

al., 2010) or plants and panel siZdaafaret al.,2013)aremeasured, and sometimie
density and stdow factorqPérezt al.,2011)are introducedSunakorrandYimprayoon

(2011 measuredhe quality of green facadéy the percentage of plants coverediom
trellises and the number of leaves layariile (Periniet al.,2011)describedhe quality

of green facades by plants thicknessdgasuringthe quality of plats on VGSis
different from onecase to another, and dependsdifferent criteria such akinds of

climbers, plants species, trellisespstrate and others.
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2.4.2  Orientation of the facade

Orientation of a building is the positioning of a building on site to take advantage of
climatic features such as the sun and the air méskmgee, 2013)The best orientation
requiresthat the building should receive maximum solar radiation in winter and minimum
in summer(BanoandKamal, 2016)A long-termresearch was conducted {®érezet

al., 2017)in the Mediterraneartlimate of Spain to determine the relationship between
Facade orientation and LAI on the shadow effects of the V@#n the results dhined,

it was establishethat the doubleskin facade can providamilar shadow factor values
for all orientations, to those provided hikie artificial shading devicesuch asfacade
setbacks, cantilevers, awnings, slats, and atlessimmer 2013, with the green facade
only partially developedthe VGS showedigh capacity to intercept the direct solar
radigion, which hadreductions on the externsiirface wall temperatures up to 16Q

on the South orientatiomnd indoor temperature reductions around°€5 In summer
2015,whenthe VGS hadh higher foliage developmenfére was significanteduction

on the external surface wall temperature in all orientations (East, SouthWest).The
results also showezhvings up to 34% for cooling periods withAl of 3.5i 4 during the
summer periodslt was also confirmed that the energy savings wiemendent on the
orientation. hegreen facade on thgsst orientatiorwas able to intercept tharge impact

of the solar radiation in the early hours of the @i a reduction of 18C on the building
surface temperaturgping from 36.4C to 21.4°C at noon and keeping iowerthan23

°C throughout the day. In theo@th orientation, at 15:45 when the temperature is at its
peak, hetemperatur@éeductionwas up to 16C, going from 46.7C to 30.7°C. Lastly,

on the Wesbrientation there was a redion of 16.4°C, going from 43.9C to 27.5°C

at 19:00. The research shows tiat shadow effect of green facades orhst and Wds
orientations is significardnd should be consideradarchitectural design strategy with

the same importandban Soth orientation.
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2.5Computer Simulation

Simulation aalysis isdoneto observe the response following a modification in a variable
(Batagarawa, 2013)In this research parametrignalysis is used to examine the
consequence of changing a givemlependent variable otemperatureand thermal
comfort using computesimulations. The stepin conductinghe simulationanalysisin
accordance to previous works such(laarsen, Filippinand Lesino, 2014/aezizadeh,
RashidisharifabadndAfhami, 2016 Poddar, ParendChang2017)areas stated below:

1. Define the model, its independent and dependent variabtegs comfort profile.

2. Vary the values of each independent variableaireetime, in aincremental manner

3. Record the corresponding value of the dependent variable

4. Assess and compare the influences of each input/output relationship through statistical

methods

2.5.1 Simulation softwares

Computer software packagareincorporated witmumeric building energy calculatien
that perforrmumeroudunctions asreatedoy the developerdMost of the packages are
able to calculate coolingndheating loads, simulate atmospheric conditions within the
building, costing, feasibly analysis of different retrofitamongst otheréBatagarawa,
2013)

Simulation in buildings are majorlydivided in two phases; geometric modelling and
energy calculation phases. Modelling implies a simplification of the real physical
processes in real buildings. These simplifications are madeelmesigners through the
use of assumptions that allow the lpleam to be solved more easily within practical
constraints Previous studies on VGS used different simulation softwares such as
Trnsys® Ecotect®, EnergyPlus® and DesignBuilder®. Below is Table 2.3 showing

some of the simulation softwares adopted in eanli@ks.
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Table 2.3 Simulation softwares used in earlier VGS Studies.

Software Study

Trnsys® (Djedjig, BozonnetindBelarbi, 2015Grabowieckl, Jaworski, Niewczand
Belleri, 2017)

Energy Plus® (Larsenetal., 2014 Dahanayak@andChow, 2017Yuan,2017)

IESVE® (Basher, Ahma@ndAbdul Rahman , 2017)

DesignBuilder® (Vaezizadeh, Rashidisharifabadd Afhami, 2016)

Ecotect® (YoshimiandAltan, 2011 Jamil, 201§

2.5.2 Validation and Reliability
Reliability is concerned with the stability désts measuring dependable variables

(Batagarawa, 2013Thedependent variables in this researchi@ngperatureand thermal
comfort. The software is said to be reliablee-subjecting the independent variables to
the same masuring test wilield the same results for the dependent variaBlesording
to (Dahanayakend Chow, 2017)EnergyPluss a tool that is highly sophisticated and

validatedas such its used to run the simulatisin this research.

2.5.3 Simulating VGS
Previousworks had discussed methods on how to simulate green walls in different

softwares. Mosapproachesclude developing mathematical maslef heat transfers of
the foliage and integrating it to the simulation software. EnergyPlus or Twses
mostly usedbecause it comprises of only the energy calculation watiout the
modelling toolwhere you can draw or create the building case sirbelated. Examples

of works that made use of mathematical models for simulations intAdsleari, 2017;
Dahanayake and Chow, 201Another method iasing a building shading object in place
of the green facadg.arsenet al.,2014) Theshading object iassigned the properties of
the foliagesuch asSolar transmittance, Solar reflectance, Visible transmittance, Visible

reflectance, Thermal emissivity, Thermal transmittance, Thickness and Conductivity.
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2.6 Mid -rise Housing Design

A midrise is defined as @y building betweenfour and eleven storeys in height
(Burlington, 2019) Midrise housings a group of households in form of apartments for
separate families designed, arranged and piled on top of one another with a veeital m

of transportation such as elevators and stair cases for all dwellers to have access to higher

floors (Audu, 2013)

In Kano State, where there is rapid urbanization due to the high commercial and industrial
activities availability of adequate housing is a major concern. This has led to various
problems such asopr housing condition, substandard buildings, deteriorating housing
environmentndinformal settlemenfMuhammadandBichi, 2014) The government of

Kano state tried to solve this growing housing demand by providing a mass housing
scheme building the Amana, Kwankwasiyya and Bandirawo estate. There are challenges
encountered after the developmehbugh ib beyond the scope of this study which is

why i t wonot be discussed. A maj ornstheol ut i «
implementation of vertical cities, this entails that we build up vertically rather than
horizontally. This is more sustainable as there is less pressure on land and site, thereby

reducing the ecological footprint.

2.7 Estate Design

Estate design entails the planning and buildinga$shousing units in the same location,
executed within the same project scheme, which could be in form of terraces, tower
blocks, semidetached or dached or both, and or maisoneitdadu, 2013) It is a tactic

used to annihilate the ewvgrowing housing demand in urban settlement around the
world. In estate, social amenities and facilities are usually planned and ladegeslall
dwellers will have equal access to thekuxiliary facilities such as schools, healthcare

centerssecurity, maintenance unit amongst others are usually included and provided. An
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estate design should also incorporate recreational and green tareascourage
interaction. Waste disposal, water service and drainage are also put into consideration
from the inception of the design. Zoning is also an important factor in designing an estate,
the estate should provide areas for the different categargest such low, middle and

high-income earners as each housing design is based on the affordability of the users.

2.7.1 Guidelines in Midrise estate design

When designing an estatikat has tall structures a lot of factors have to be put into
consideration such as the buildingds ori
entrance design, vehicular and pedestrian routes, building lapduplanningzoning

and architectural character.

27.1.1 Building orientation
Thelonger sides of thbuildings should berienedtowards the north and south. so as to

avoid the direct heating from the west/east radiation amdatamize walls for optimal
access to sunlight to habitable roosildingsshouldbe placed ta@onsider existing site
conditions so as to retaincertain featres suchas mature trees and topography

encouraging sustainability.

2.7.1.2 Clearance between buildings

When designing tabuildings,a minimum separation distance of 15.0 metres should be
provided between buildings that face each other. This area shofrkekloé projections

such as balconies and cantilevers to allow sunlight to access the lower levels of the
building. Depending on theuilding form wider separation distances may be appropriate,
especially if there are residential units at or below the ground floor (Buelington,

2019)
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2.7.1.3 Entrance Design

The main entrancéo the buildings shouldbe obviously distinguishable from other
entrances through its architectural design and treatment, high visibility, wayfinding and

direct pedestrian access

27.1.4 Vehicular and Pedestrian routes
Access points to the site should $imatedand designedo complement thestreet and

existing mobility networks beyond the site. Pedestrian access sheuttsigned to
prioritize the safety and enjoyment of residents and visitbih® number and width of
vehicle access poinshould be minimatio avoid confli¢s between pedestrian and vehicle
traffic. Access to parking, servicing and loading should be provided at the rear of the
building.

2.7.1.5 Building Layout and Zoning

The estate should be well planned having a defined layout and zoned appropriately. There
are a lot of layout patterns available such as the grid, clustedtesalc and gardeaity.

Each has a systematic way of laying out roads, placing buildings and locating social
amenities and facilities around the site. Zoning is also an important ecatgidh as
privacy, noise, views are all factors that are to be considered when allocating spaces for

different category of users.

2.8 Summary

This chaptediscussed in details the various applications of VGS, the benefits its renders

to buildings suclas aesthetics, energy savings, shading, wind and noise breaking amongst
others, its classifications, the effects it has on thermal comfort, the mechanisms through
which it operates such as shading, evapotranspiration, insulation and wind barrier effects.
The parameters of VGS to be tested were also deduced from this chapter which includes

plant species, LAl value, orientation of the facade, fenestration design, air cavity
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thickness, shading coefficient and substrate thickness. Tablelw is showing the

available types of VGS, their benefits, limitations and impacts on thermal comfort.

Table 24 VGS Types and their characteristics

System Source Characteristics Advantages Disadvantages Impacts
Direct (Periniet al., Grows from planter  No materials Humidity from Temp decrease
green 2011) box or directly from  involved for plants can in
facades (Alexandriand the ground. support. damage wall Mediterranean

Jones, 2008) Grows directly on the Low surface. climate 4.5°C.
(Mansoand building facade. environmental In temperate
CastreGomes, Climbing plants burden. Limited plants 2.6°C
2015) evergreen/deciduous Low cost. selection. Temp decrease
(Hoyano, 1988) Slow surface of 10°C in
coverage. warm temperee
climate
Indirect (Periniet Usessupport system Vegetation Limited plants Achieved
green al.,2011) for growth such as  development selection energy savings
facade (Mansoand cables, meshes or guidance. High of 33.8% in
CastreGomes, trellises. environmental Mediterranean
2015) Climbing plants Low water burden of some climate.
(Coma et.al., evergreen/deciduous consumption. materials
2017)
Indirect (Mansoand Usesplanter boxes Lightweight Limited plants Temperature
green CastreGomes, and support support selection reduction of
facade 2015) structuressituated at Controlled High 3.79% in
combined  (Othman & certain height on the irrigation environmental tropical climate
with Sahidin, 2016) facade Easy maintenance burden of some 5.5°C
planter box (Fernandez Climbing plants Ease of plant materials. Temp decrease
Caneroet al, evergreen/deciduous replacement. High installation in exterior wall
2012) Drip line and holesn cost temperature in
planters for irrigation warm climate
anddrainage
Continuous (Pérezet Growing media Flexible and Complex Temperature
living wall 3| 2016) placed in the pocket lightweight implementation  reduction inside
based on (Mansoand which may be Uniform growth High water and  cavity was 8.0
cloth/ felt CastreGomes, organic or inorganic  Support variety of nutrients °C, while
2015) Requires a water plant species. consumption indoor air temp
(Safikhaniet proof memipane. Uniform water Frequent reduced by 4.0
al..2014) Uses shrubs, grasses and nutrients maintenance °C,
and perennials plants distribution Increases
Drip line onthetop  Most commonly humidity in hot
of the wall for used attachment and humid
irrigation methods climates
Modular (Mansoand uses modulesasa  Easily Limited space Achieved
living wall  CastreGomes, medium to support  disassembled for for root energy savings
2015) multiple panels that  maintenance development of 58.9% in
Panel/ (Coma et.al., are of square and Controlled High installation Mediterranean
Tray 2017) rectangular shapes. irrigation/dainage cost climate.
(Mazzaliet Growing media Increased variety Complex Temperature
Planer tiles al.,2014) placed within panels of plants/aesthetic implementation decrease up to
Pre vegetated panels potential Surface forms 16.5° on south
Flexible or plant in situ could  Attractive design limited to trays/  wall in
bags. be used. of modules tile dimensions  Mediterranean

The irrigation for this
system is usually
placed on top oéach
module.

Lateral and inferior
holes for drainage.
Uses shrubs, grasses
perennials and
succulent plants

Adaptable to
sloped surfaces

High
environnental
burden of some
materials
Heavier
solutions due to
growing
media/limited to
buildings
maximum load

climate.

Up to 20°C
reductionin
surface
temperature in
temperate
region
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As shown in Table 2.above, the Vertical Greenery Systems have peculiar characteristics
and offers different benefits to buildings arldoahave different limitationsTherefore

when selecting the type of VGS to use, the characteristics have to be considered in order
to acheve sustainability. Frorthe table above, two Jalifferent VGS are going to be
tested for the purpose of this research, whichhendirect green facade combined with
planter boxand Modular Living wall.The plant species for green facades are mostly
climbers and creepers because of their climbing abilities which could be deciduous or
evergreen while for living walls they are mostly evergreen shrubs, grasses, flowers,
succulents and perennials. The plant species for this research would be chosen based o
their adaptability to climate, LAl valyevisual quality, maintenance, fire protection and

benefits such as thermal comfort and air quality improvement
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3.0RESEARCH METHODOLOGY

3.1Introduction

This research aims to explore how Vertical Greenery Systems (VGS) can enhance
Thermal comfort irmidrisehousing estate in the hot dry climate of Nigefihis chapter
outlines how the research will be conducted. It discusses the method of data collection,

data instruments, analysis and data presentation.

3.2ResearchDesign

The selection of a research approach is determined by different factors which state its
suitability in achieving the objectives of the studiire researcks descriptiveand quasi
expeimental in nature and case study research desagadopted which wascarried

out tostudy the type of VGS adopted, its characteristics and how it was applied.

3.2.1 Case Study Research Design

Case study is defined as a methodology that is used to explore a single phenomenon in a
natural setting using a variety of methods to obtairddpth knowledge(Wyse,
2011)Case studies also involve documentation of the phly$eatures of the subject

under study(Oluigbo, 2015) This research design deals with thedapth study of a
particular case in singular unit with the aim of finding comprehensive information about
that unit. For the purpose of this research two sasdies were conducted and had their
features documented.

The features observed included thiélding materialsgonstruction technique of the VGS,

the type of plantised, coverage ratio, foliage density, fenestration design and orientation.

3.21.1 Desciptive research

A descriptive research is used for explorative studies with little or no interest in finding

out the relationship between identified variab{Batagarawa, 2013)lhe case study
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involved visual assessment whidbentified the characteristics of VGS and its

application. This is further described in Chapter 4 of this research.

3.2.1.2 Quast Experimental Research
The assessment of th&GS parameters and its effects on temperature reduction and

thermal comfort isbasedon a quasexperimental approachlhis was achieved by
manipulating the variables under controlled conditions in computer simul&tios.

determinsits effects on thermal comfort.

3.3 ResearchVariables
As deduced from the literatureview, he independent variablegaminedverethe VGS

parameters: facade orientation, foliagdensity, Leaf Area Index (LAJ)fenestration
design(window to wall ratio) air cavity thicknessand VGS construction technige
These independent variablegresexamined and used to test the dependent variable
thermal comforivhich wasdetermined by the air temperature, mean radiant temperature

and humidity level.

3.4 Sampling Method

This research adopted purposive sampling method in selecting case studies that
incorporated VGS in them in the hot dry climate region of the country. Purposive
sampling is the process of identifying a population of interest. The case studies were

selected based on the location and VGS adoption.

3.4 Methods andlnstruments of Data Collection

This study employedvisual survey andassessment methodpmputer simulation,

physical measurements and documentation to obtain data.

Instrumentsthat wereused included camera, checklist, note book,sketch padand

measuring taperhe tape was used to measure the coverage area of the VGS and window
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to wall ratios.Photographs were taken to show #xsting situation of the casés be

assessed in other to support notes taken.

3.5 Procedure for Data Collection

Letter of introdudbn from the deprtmentaddressed to the seted buildings to be
studied wagollected. During the visitsjisualexamination of the VGS was carried out
which included noting the type of plant used, the height of the VGS, its orientation and
the coveragearea. he building characteristics were also noted; parameters such as

building materials, window to wall ratio and building measurements.

3.6 Simulation

Simulation isbased on quagxperimental research approach and is quantitative in nature.
The quasiexperimental approach is used to explore the effect of a phenomenon
(Batagarawa, 2013By identifying the key variables, parametric analysis thatleg
computer simulation wasonductedd explore the VGS design and @Secton thermal
comfort in residential buildings.EnergyPlus software which is one of the most
commonly opensource and validatedsimulation tools was used to perform the
simulation A reference building model wakeveloped using information from thesea
studies and theexamined to determine its comfort profildlong with the reference
model, other models were developed with varying VGS parameters that were also

simulated.

3.7 Data Analysis

The VGSparametersf the case study models waisalyzed though Visual assessment
method and measurementsData was presentedin form of descriptions given,
photographs, tables arfajures. Parametric analysisagused to further analyze the
variables. The aim of the parametric analysis is to observe the redptioseng a

change in a variabl@Batagarawa, 2013)arious VGS applicationsvere simulated in
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order to identify the effects on thermal comfodf the buiding. Graghs, tables and charts

wereused to represent tluata.

38



4.0RESULTS AND DISCUSSION

4 .1 Introduction

This chapter gives a detailed overview of the visual survey and assessments carried out
to examine the type of VGS aitd parametersguring the field work. It also discusses the
paraméric analysis conducted that ihe simulation Lastly, it gives ahorough data

analysisandrepresentation.

4.2 Case $udy One (Three Bedroom bungalow)

4.2.1 Background

Building one is a bungalow located at Az 47, Mubi close, Maiduguri road, Kaduna state.

't comprises of three r odhesallsaanednade ofgtane a g e ¢
masonry, on the interior it is plastered and painted with milk colour paiatcéiting is

made up of asbestos board. Asbestos cement was also used for the roof which is a hip
roof. Casement windows (single glass panel aldminum frame) measuring
900%x1200mm were used. The door is a single panel door made ajuminum

(750%2100)The height of the building is 3900mm.

4.2.2 VGS description
The VGS type employed is tiieaditional / direct green fagadéth planters at the base

using the planFicus pumilac o mmo n | y  klimbirvg iigo. &g plént has a LAI

value of2. The VGS ismainly on the North facade and has started to spread to the wall

facing east. On the north, the ivy covers about 35% of the wall, while on the east it is only
about 10%. The ivy is dense at some part of the wall and scanty in other part mainly due

to neglgence and lack of maintenanfrie to the stone wall material, the stem of the ivy
didndét cause damage to the wall. This sho
green facades. According to the previous occupants, no case of pestareimvasdns

was reported. There are a number of trees surrounding the building, thereby shading it
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from direct sun radiatiorPlate Xl shows the VGS on the easacade of the building
which just has about 10% coverage ratio while Plate XIII is showing VGS amottie

facade covering about 35%.

(Source:

PlateXlll : VGS on wall facing north. (Source: A
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4.3 Case Study Two(A-two storey building)

4.3.1 Background

Building two is a2-floor single family apartment locateddo 24, Borno Avenue, Kano
State. It comprises of four rooms, four Living rooms, four washrooms, a kitchen, staircase
and a lift. It was built in 201Z7he walls are made of sandcrete block$astered and
painted with whitdyro linepaint on the exterior. Some parts of the walls are cladded with
stone.The ceilng ismade up of Plaster ofalis (POPwhile the floors of the living rooms

are finished with marble and vitrified ceramic tiles in the rest of the spaces. The windows
are of two types, casement windows (1200x1500) and top hung (1200x900) double
glazed withaluminum panels. The main door is auble panel securityabr (1200
x2100) while the internadloors are wooden flush doors (3@100). The roof is a flat

roof made of concrete.

4.3.2 VGS description
The VGS type employed in this building is also the direct green facade with planter

the base using Ficus pumilawas planted in 2014 and has attained almost a full coverage

on the west facade. The VGS is mainly on the west facade and has started to spread to the
wall facing north. On the west, the ivy covers abd#/of the wall, whi¢é on the north

it is about 30%. The ivy is distributed uniformly in the direction of graavtti the growth

is guided using ropes attached to the walls. The VGS is in a very good state due to proper
and monitored care and maserarnydamage toéhe wallsl s o,
mainly dueto good workmanship and use of standard materials for construbtioimg

dry season, the VGS is watered twice dallge house is surrounded by trefiswers,

hedges and grasses. There are also climbers on tbe dérthe building. Due to the
presence of climbers on the walls and surrounding plants the immediate environment is

cool and shaded from the sun. The cooling effect of the VGS is noticed by the occupants,
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felt inside the house and on th&face temperata of thewalls. Plates XIV and XV show
the VGS on the wedacadewith a 75% coverage ratiand on thenorth facade with a

30% coverage ratio

PlateXIV:VGS on the west facade. (Source: Aut

PlateXV:VGS on the north facade. (Source: Au

4.4 Summary of results from case study
All the data from the case studhich werepreviously presentedre summarized in the

table below. The tabletl.1 shows the VGSype, orientation, type of plant, LAl value,
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window to wall ratio,coverage ratioghallenges and benefits derivied each case study
building.

Table 41 Showing summary of data from the case studies.

Variables CaseStudy One Case Study Two

Type of VGS Direct green facade Direct greerfagade

Climate Hot dry Hot dry

Type of Plant Ficus pumila Ficus pumila

Orientation North and East West and North

LAl value 2 5

Coverage ratio 35% on north and 10% on  75% onWest and 30% on
east north

Method of irrigation VGS is neglected and Watering is done twice

therefore lacks maintenance daily by the use of water

hose.
Window to wall ratio 20% 30%
Reason of Application Aesthetics Aesthetics
Current State VGScurrently in a poor state VGS provides the desired
due to negligence. visual impacts and also

provides the benefits of

cooling and shading.

4 5 Simulation Results and Discussion

As discussed in the literature review, VGS is seen to have rangfits such as
temperature reduction, carbon sequestration, air quality improvement and aesthetic
amongst otherg.hese benefitsome from the mechanisms of the VGS which are shading
effects, evapotranspiration, thermal insulation and wind barrierteffacs study seeks

to analyze how VGS can help in reducing temperatbreugh quasexperimental
analysis.

The simulation was carried out using DesignBuilder softwWeezsion 4.5.0.148vith
EnergyPlus8.3 as the simulation engineAs at the current sope, VGS is not being

integrated into the simulation softwares. A number of works had discussed and
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demonstrated methods on how to simulate green walls and facades in different softwares.
Most common methods include developing a mathematical model oé#téransfers of
the foliage and integrating it to the simulation software. This is done because only the
simulation sftware such as EnergyPlus ongys is being usdadr the simulatiorwithout
the design software where you can draw or create the building case to be simulated.
Examples of works that made use of mathematical models for simulations include
(Djedjig et al.,2015;Afshari, 2017;DahanayakendChow, 2017) The method adopted
in this work isin line with the work ofLarsenet al.,2014) This involves using auilding
shading objecin place of the green facade. A building shading device reduces the solar
gain and shades the solar radiation from the sky. Therefore, the bushdiding object
is assigned the properties of the foliaflee propertiegnclude Solar transmittance, Solar
reflectance, Visible transmittance, Visible reflectance, Thermal emissivity, Thermal
transmittance, Thickness and Conductivitiioughthis methodhas its limitations, such
as not being able to determine its evapotranspiration effect since the building shading
object doesndt exhibit this effect.
The following are the steps used in the simulation process

1. Creating new site

2. Creating new building

3. Create component block for shading

4. Assign properties of VGS to shading object

5. Importing data weather files

6. Apply materials for construction

7. Add openings

8. Run simulation
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451 Basecase modelling

The base case model was developed from information derivead frdmary and
secondary data gathered from literature and fieldwidtls informationincludes building
fabric, window to wall ratio, number afccupants andaterials The model is a three
storey building measuring 15000mm x12000mm made up of sandcaatke Wwhll
225x225x450mm plastered on both sides withaluie of 1.4W/rfk. The building has
30% window to wall ratiavith 3mm clear single glazinghe longest sides are oriented

towards eastvest.Figure 4.1belowshows the base case from Design Builder.

Figure 4.1:Base Case Model generated from DesignBuilder. Source: DesignB\MKi&)

452 Variables to be examined

As stated in chapter three, the variables to be studied are the VGS parameters such as the
VGS construction technique, LAl value, foliage density, coverage ratiocality
thickness and orientationThese would be used to determine the change in air
temperature, mean radiant temperature, surface temperature and humidity levels.
1. VGS construction techniqueThe type of VGS under study are the indirect
greening facade which is made up of structural system supporting the vegetation
and the modular living wall system which is made up panels, growing media,

irrigation system and vegetartio
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. Foliage density and LAl value:HE LAI value is measured as the leaf area /m
which is dimensionless. The LAI vas for the study ranges 1, 3 andThese
values are derived from previous studies.

. Coverageratio: This is determined by the total areaveoed by the VGS. The
coverage ratio also depends on the LAI valder this study50% and 100%
coverage ratiovould be examined.

. Air cavity thickness: Tis is also important as the air gap thickness defines the
thermal insulation mechanism of the VGS. From previous studies s(ekras

et al, 2011)the most suitable cayitthickness had been sugted to be between
4cm to 6cm. his enables the air teerve as a stagnant layer enhancing the
insulation quality.

. Orientation: e effects of the VG®ould be examined on west east adith
facades. The west facade is known to have the highest amount of heat. The
application of VGS on the different orientats would determine what amount of

shading it can provide.

453 Constant variables

A number of variables were kept constant throughout the simulation stioh \@sdow

to wall ratio which was kept at 30%. @lienestration desigaffects the amount of heat

penetrating through the glazing thereby affecting the temperature of the space. Other

variables kept constant includesation and climate which is Kano Nigeria, typology,

occupancy and building materials.

454 Comfort profil e of the base case

The comfort profile of the base case was derived from simulation analysis. This was done

because of the limitations encountered during the visual survey and assessments. The

thermal comfort parameters such as air temperature, relatmelityy and operative
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temperature derived from simulation was in line with previous works on done on thermal
comforts in Kano such a@Viukhtar, Muhammad and Enaburekhan, 2015; Gbode,
Akinsanola and Ajayi, 2015)

The analysis from the simulation of the bassese models given below which is
represented by the air temperature, mean radiant temperapamtive temperature
internal and external surface temperature and relative humidity which is analyzed on a
monthly time frameFigure 42 below isabar char representing the result from the base

case.
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Figure 4.2: Comfort profile of base case from simulation. Source: DesignBujteb)

The chart above shows the temperatures from January to December on the ordinary
building without the application of VGS.Below is a table showing the average air
temperature and relative humidity for each month

Table 42 Air temperature and Relative humidity for the Base Case.

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

RH 1457 1295 16.05 2475 3757 46.68 54.60 6251 57.00 40.80 1950 16.68

A. T 2461 26.45 28.67 29.70 30.05 2883 27.42 26.34 2716 27.70 2555 23.65

The above results are going to be compared with the analysis of the basiencéaed

with the variables of VGS. Simulations were carried out oridt@wving different cases
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4.6VGS models

The second case is that of VGS. This was made by changing the variables to determine
their impact on thermal comfort. The VGS case is broddlided into two; the indirect
greening and the modular living wall system. All the variants under this case were
simulated based on 100% and 50% coveragestatiél values of 1, 3 and 5. The

orientations had three variations which included all, westt@adsouth

4.61 Indirect greening facade Modeling

This model was developed in design builder by creating the building shading object
parallel to the building facade. This is done by assigning the foliage properties to
building shading object. able 4.3 below shows the properties assigned to the shadin
object.

Table 43 Properties of VGS assigned to building shading object

Properties Value
Solar transmittance 0.2
Solar reflectance 0.3
Visible reflectance 0.09
Solar absorptance 0.5
Thermal absorptance 0.95
Visible absorptance 0.85
Conductivity (W/mK) 0.9
Density (Kg/n? 1200
Specific heat capacity (J/Kg) 1000

Source(Larsenet al.2014)
Figure 4.3 below shows the base case with the indirect green facade model which has

been assigned the properties indicated in table 4.3 above.
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Figure 4.3:Indirect greening using building shading object. Source: DesignBuilder

The variants examined under this casesummarized in the table below

4.6.2 Indirect Green Facade VGS Model Case

Table4.4 Variants of the indirect greening fagade model

Variables Variant 1 Variant 2 Variant 3
Orientation All East/West South
Coverage 100%and50% 100%and50% 100%and50%
LAI 1,3andb 1,3ancb 1,3ancb

Table 4.4 abovehows the VGS models used for the indirect green fagcade categorized
into three variants, having different parameters which will be tested to determine the

variant with the best impact.

4.6.21 Impact on air temperature and operative temperature

Taking Varant 1 above, its parameters would be compared using bar chart to determine
which has the greatest impact on thermal comfort. The comparison is between the
coverage ratios and LAI values. For the first analysis, the LAl values of 1, 3 and 5 would
be compaed under the 100% coverage ratio. The LAl value is an indication of the foliage
density. Figure4.4 is a bar chart comparing the LAI values 1, 3 and 5 under 100%

coverage ratio when the VGS is placed on all facades.
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Figure 4.4: Air temperature using LAl values 1, 3 and 5. Source. DesignBuilder (V4.5)

From the graph above, it can be seen that the LAI value of 5 has the highest impact on
temperature reduction. This is as a result of the densgdodind total coverage by the

plants. For the month with the highest temperature which is May the temperature
reduction exhibited by A | 1, 3 and 5 is 1.35eC, 3.35e¢C
in the month with the lowest temperatuvbich isDecemberhe tempeature reductions

are 0.51e¢C, lresgebtigely Foathedb 0% cov@rage €atio, the LAI values
wereanalyzed based on the air temperature. Below is aioh&gure 4.5comparing the

temperature reduction between the LAI valueder the 50% coverage ratio.
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Figure 4. 5: Comparing the effects of LAI values on air temperature under 50% coverage ratio.
Source. DesignBuilder (V4.5)

Comparing thalifference in temperature with that of the base caseayfigr LAl values
1, 3 and 5 we have rdspettifety@hile in Dé&c@&d&, thend 4 .

temperature reductions are as follows 0.1
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analysis above, it shows that in both cases (100% and 50% coveragjethatioAl value

5 has the highest impact on temperature reduction. It also shows that the higher the
coverage ratio the better the temperature reduction especially in month with high
temperatures. Below iBigure 4.6 showing dhart comparing the LAI vaks 5of the

100% and 50% coverage ratios.
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Figure 4.6: Comparing LAl value 5 of 50% and 100% coverage ratios. Source: DesignBuilder

The chart above indicates that 100% coverage ratio and LAl value 5 hasguotgmeral

in reducing temperature than 50% coverage rapeeally during the hottest months,
whereas in the colder months the VGS could maintain a lower coverage ratio which can
be achieved by using plaritsat partly shed their leaves during the drgssa.Below is

a graphn Figure 4.7comparing the operative temperature from the base case, and variant
1 using the LAI value of 5 from both 50% and 100% coverage ratio. Operative
temperature is aimplified measure ohumanthermal comfortwhich is the aerage of

the air temperature, mean radiant temperature and air.speed
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Figure 4.7:Operative temperature between basecase and LAI 5 of 50 and 100% coverage.
Source: DesignBuilder (V4.5)

From the graph above it can be seen the VGS case with 100% coverage ratio of LAI

value 5 has the highest impact on operative temperature.

46.22 Impact on surface temperatures
Variant 2 of the VGS case which is oriented towards the east west was simulated to

determine the shading effeat VGS on the facades. From the model it can be seen that
the longer sides of the building are oriented towards the east west because of the high
amount of radiation generated from these sides especially the Rvast.the Variant
labove it could be dedutehat the higher LAI valuegive more room for decrease in
temperature, that is higher shading effect. For the purpose of variant 2 only the LAl value
of 5 is going to be tested on the east/ west orientation for both coverage ratios of 50% and
100%. Figure 4.8and 4.9below are chars showing the effect of the VGS on surface
temperature for the east/west orientation compared to the base case temperature of the

same facade.
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Figure 4.8: East surface temperature of Basse and Variant 2. Source: DesignBuilder
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Figure 4.9: West surface temperature of Base case and Variant 2. Source: DesignBuilder

From the analysis abe, the VGS shows a considerable reduction on surface
temperatures. for the East facade, the internal surface temperature reduction in the month
ofMayisusing the 100% coverage is 2.0eC whil
1.95eC. For the west fa-ade, t he ds ur.f4aecCe t
in DecemberExamining the internal surface temperatures orstheghfacade, variant 3

was simulated using the 100% and 50% coverage ratio with the LAI value of 5. The
Figure4.10below compares the variation of inside surface temperature betinebase

case and the VGS variant.
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Figure 4.10: South surface temperature of Base case and Variant 3. Source: DesignBuilder

The diagram above shows that there is no much difference betweemperdtures of
the base case af% coverag@ f VGS with only 0.67eC dr oy
December whi l e the 100% cover aignre Mahyo wam d 1v.az

December.

4.6.3 Modular living wall VGS Model Case

The living wall system makasse of different species of plants such as flowers, shrubs,
succulentsinlike the green facades which only makes use of climbing plants. Due to this
feature it is considered to render more benefits in terraisaafing and aesthetics than the
green facadedn this research the living wall system was modelled in DesignBa@ilder
making use of the different layers as present in the living wall system to represent each
layer of the wall. This was done because VGS module is not yet integrated into the
simulationsoftware This method adopted is in line with some of the recent works carried
out in this field such aflamil, 2016; Vaezizadedt al.,2016 Poddaret al.,2017). The
VGSliving wall model is illustratedn theFigure4.11below, showing layers of plasr,

air gap, steel base plate, soil, water and plant.
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Figure 4.11: Living wall VGS model in DesignBuilder. Source: DesignBuilder (V4.5)

Table 4.5below shows theparameters assigned to each of these matedrefisre

simulation.

Table 4 5 Parameters assigned to different layers for the VGS model.

Parameters Air gap Soil Water Plant
Specific heat capacity J/KgK 1004 1200 1966 100
Density Kg/n¥ 1.3 1100 0.6 1201
Conductivity W/mK 5.56 0.35 5.56 0.05
Thermal absorptance 0.9 0.78
Solar absorptance 0.7 0.7
Emissivity 0.95

Source(Larsenet al.,2014;Poddaret al.,2017)

Based onte parameters abovie Table 4.5 the cases wer@mulated. For this case, 3

Variants were also produced using only 100% coverage ratio and LAl value of 5 under

the same orientations as in the case of the indirect green fagcade (All, East/ West and

South. Figure 4.12 belovghows the living wall VGS model case.
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Figure 412 Living wall VGS model Case. Source: DesignBuilder (V4.5)

Below isTable 4.6 showing the different variants simulated for the living wall VGS
case.

Table 46 Variants of the living wall (LW) VGS model

Variables LW Variant 1 LW Variant 2 LW Variant 3
Orientation All East/West South
Coverage 100% 100% 100%

LAI 5 5 5

These variantssedin Table 4.6werecomparedagainst thébase case model analyzing

the air temperatures, operative temperatures, relative humidity and surface temperatures.

4.6.31 Impact on air and operative temperature

Figure 4.13 blow is a graph comparing the air and operative temperatures of the base

case and LivingVall Variant 1.
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Figure 4.13: Air and Operative temperature comparison between Base Case and Living wall.
Source: DesignBuilder (V4.5)

The living wall is seen to have a high impact on temperature reduction for both the air
and operative temperatures. For the month of ,Mlag air temperature reduction is
7352 C and 4.64eC in December. Whil e for

6. 86eC i n MaReceanhed 5. 33¢eC
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4.6.32 Impacton relative humidity

For this system, the simulation takes cognizance of the water present in the soil and the
foliage which infers that there would baimpact on the relative humidity. The chart
Figure 4.14below shows the variation in relative humidity between the base case and

living wall Variant 1.
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Figure 4.14: Difference in humidity between the Base Case and Living wall Variant 1. Source:
DesignBuilder (V4.5)

The above analysis shows that the presence of VGS gives rise to an increase in humidity
levels. For the month of February which has the lowest humidity, k»eeé is an increase
of 4% and for the month of August which has tmghest humidity levelthe VGS

contributes 6%.

4.6.33 Impact on inside surface temperatures

Using the LW variants 2 and 3, the case is simulated to determine the inside surface
temperatures on the east and west facades for variant 2 anddouthfacade for variant
3. Figure4.15 below compares the inside surface temperatures for the base case and

variant 2for the East facade.
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Figure 4.15: East surface temperature Base Case and LW Variant 2. Source: DesignBuilder.

From the simulation, the living wall shows a temperature reductiéGn.ob e C i n May
4. 0eC in December. F n Figute A.&6below demondtratesahd e t h

temperature variations between the VGS case and the base case
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Figure 4.16. West Inside surface temperature Base Case and LW Variant 2. Source:
DesignBuilder

The inside surface temperatufe® r t he mont h of May has a r e
5 . direD@écember.

Simulating for theSouthfagade, variant 3 wassed which has a coverage ratio of 100

and LAl value of 5Figure 4.17 blow is a chart showing the inside surface

temperatures for the base case and variant 3.
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Figure 4.17:South surface temperature Base Case and LW V&i&uurce: DesignBuilder
(4.5).
The analysis above shows a decrease in surface temperatures with the application of the

VGS. The temperature reduction for May i s

4.7 Summary of results from the simulation

From the simulation performed to determine the effect that VGS has on thermal comfort

it was derived that VGS actually lowers the temperatures and increase humidity levels.
Based on the analysis it can be seen thathigher LAl value which was 5 for this
research result to better shading effect of the VGS and in turn cetkerogeratures
considerably A decrease of 7eC was deri viid with
also deduced that due to the evapapamration effects of plant there is tendency to
increase humidity levels through VGS application. There was an increase of 4% in
humidity levels in the month of Februaand 6% in August. The tab#e7 below shows

the summary of the results gotten from thienulation, indicating the decrease in
temperatures when using the VGS variants for both the living wall and indirect greening

systems of 100% coverage and LAl value 5.
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Table 47 Summary of results attained frasimulation

Base Case Variant 1 decrease LW Variant 1 decrease
May Dec May Dec May Dec
Air Temperature 30.05 23.65 5.35 1.65 7.35 4.64
Operative Temp. 30.30 25.52 4.86 2.23 6.86 5.33
Inside surface Temp. Base Case Variant 2 LW variant 2
May Dec. May Dec. May Dec.
West 31.00 26.95 2.70 2.40 6.39 5.40
East 30.48 26.70 2.00 1.95 5.60 4.00
Inside surface Temp. Base Case Variant 3 LW variant 3
May Dec. May Dec. May Dec.
South 30.11 25.60 2.06 1.20 4.06 3.20
Base Case LW Variant 1
February August February August
Relative Humidity 14.45 69.29 18.45 76.18
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5.0DESIGN PRELIMINARIES

5.1 Introduction

This chapter gives a detailed overview of the design research undertaken. It entails
discussions and information on the study aneeh as its location, weather and climate

the site selection criteria, its location and analysis.

5.2 Study Area

Themid-rise residential estaghall be located iKanostate, Nigeria which is located in
the northwest part of the countrgharacterizedy the hot and dryclimate It is located
between latitude$1.5° N and8.5° E The total area dkanois 20,131squarekilometers
and has aelevation of 488m above sea level with a density of 5700/kns bounded
by Katsina State on theorth-west, Jigawa State on the nedhst, Bauchi State to the

southEast and Kaduna State to the sewtst.

5.2.1 Weather and Climate

Kano has a tropical hot and dry climatih thehottestemperaturén May, when average
daytime temperaturas about33°C, while &nuaryis the coldest month with an average
temperature of Z°C. It has little amount of rainfall throughout the year with the highest
amount in the month of August reaching 250 mm averagely, and the driest month in

February.

5.2.2 Vegetation
Kano state is located within the seamid Sudan savannah zone. The vegetation is

characterized by sparse drought resistant trees with moderately wide canopies and mostly
less than 20m in height. The natural vegetation is rich in flora and fasoarces but it

has been modified due to extensive human activities.
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5.3 Site Location
A site for residentialbuildings within Kano would be suitable ifthe location is in

proximity to facilities such as commercial, educational and recreational tocenhad
facilitate the ease at which occupant access these @hesste is locatedn Kumbotso

Local Governmenandhas spac#or future expansion

5.4 Site SelectionCriteria

Some factors were considered based on specific criteria for the selection of site for the
mid-rise residential estaté@hey include:

1. Proximity of site tabasic facilities

2. Landuse compliance

3. Size of site, possibility for expansion, suitability and a\mlity.

4. Soil should have a good load bearing capacity.

5. Topography and site vegetation

6. Site should have drainage and waste disposal possibilities.

7. Presence of water body.

Plate XVI below is showing the three sites under consideration for this design

Plate XVI : Image showing all three sites on google earth.
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Site one is locatedt Kwankwasiyya City in Kumbotso Local Government Area at
11A54064. 48 AN alhhds agpédritndtey 6f 3,748 MéltrEs. and a total area of

179,478mM. The plateXVIl below shows site h Kwankwasiyya Cityon google earth.

Plate XVII : Image showing site 1 on google earth.

5.4.2 Site 2

Site two is located along ring road (bypass) in Kumbotso local government area. It is
geographically located at latitudel A5 4 6 4afd. Langitudd8 A3 2 6 0.8Bha8 &8 " E
total perimeteareaof 1, 940 metremile andan area of 232,752. The site is shon in

the plateXVIll below.

Plate XVIII : Image showing site 2 on google earth.
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5.4.3 Site 3
Site three is locatedt Amana City alon@ariaroad, Kumbotso local government area

Kano at 11°52'22.76"N and 8°33'5.06'lEhas a totaperimeter of 3,766 metres and an

area of 812,856mPlateXIX below shows site 3 at Amana City.

Plate XIX : Image showing site 3 on google earth.

The criteria for the selection are ranked and each site is assessed andasenlazh the
given ranking below:

Excellent = 5, Very Good = 4, Good = 3, Poor = 2, Very Poor =1

The site is them chosen based on the highest numeric ramkinlgs 5.1a and 5.1lbelow
areshowing the site selection criteria and ranking

Table 51a Site Selection Criteria

CRITERIA SITE 1 SITE 2 SITE 3 REMARKS
Kwankwasiyya Along Amana
City Ring City
Road by
pass
Location 5 4 5 Both site 1 and 3 are suitable for

residential development because
they are locatedithin residential
estates and are easily accessible
from the major roads

Land-use 5 5 5 All sites are meant for residential
compliance purpose
Proximity to 5 4 3 Site 1and 3 have proximity to
basic amenities amenities because they are
locatedwithin existing estates
Expansion 3 5 3 Site 1 and 3 are existing
possibility/ developments and have limited
size of site site for expansion while site 3 ha

enough because t ndtsleveloped
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Table 51b Site Selection Criteria

CRITERIA SITE 1 SITE 2 SITE 3 REMARKS
Kwankwasiyya Along Amana
City Ring City
Road by
pass
Soil type/ 3 4 3 Site 1and 3 have relatively flat
topography/ slope compared to site 2. Thougt
vegetation of the site 2 has good soil and support
site vegetation as shrubs and trees al
found within and close to the site
Drainage and 4 5 4 Site 1 and 2 have better drainage
waste disposal as they slope towards the stream
potential the eastern part of the site. Site :

and 3 have already existing wast
disposal system

Presence of water 5 5 0 Site 1 and 2 have a flowing streal

body running at the eastern side of the
sites

TOTAL 30 32 23 Site 2 is chosen as it meets the

selection criteria most
From theTables 5.1a and babove,site 2 has been selected based on the fact that it has

more advantage and fulfils the selection critetti@reby more suitable for the proposed

design

5.5 Site analysis

A site analysis is a study of the site, it takes into consideration natural anchaaian
components present above and beneath the site, as well as climatic conditions present in
and around the site. For a comprehensive site study; a macro and micr@lyses as

carried out, which the former takes into consideration environmental factors affecting a
larger area than the site, such as a region, state or zone. For this study, th€aantire
State is considered for the macro analysis whereas the latgsem#the environmental

factors affecting the specific site or area

5.51 Site Location
The proposed site is located in Kumbotso Local Government Area, along Ring road by

pass, bounded bgwankwasiyyaestate by the south. The longer sides of the site are

oriented towards the north and south directions. This makes it easy to orient the buildings
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in the same way. The site also has a flowing stream running on the eastern part of the site,

which will be utilized in the design as it has to deal with greenestesys.

5.5.2 Site Climate

Theclimatic conditions of the site are similar to that of the whole Kano city but differs in
a slight manner as there is presence of a water body flowing through the site, which gives
rise to vegetation on and around the siteclwhaffect its micro climate positively. The

presence of farmlands around the site also contribute to its distinct micro climate.

5.5.2.1 Temperature
The micro temperature of the site is affected byphesence of the water body and

vegetationaround thesite. Another main factor is the presence of a large estate
developmenKwankwasiyyaestate bounding the site by the southe average highest
temperature occurs May at about 3°C, while thelowest temperature occurs in January
with an average of 2@ as shown by the figure beloWGS would be designed to reduce
temperatures in the highest month so as to achieve thermal coBdtmnv is plateXX

showing the average temperatuire&ano.

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

38

26
25
24 23 5, 23
] 21

Plate XX: Image showing average tempiera in Kano

5.5.2.2 Relative Humidity
The month with the highest average humidity is august with an average of about 80%

while Februaryhas the lowest with an average of 23¥S would be designed to
maintain the immediate climate condition during thesirmonth by making use of plants
that require minimal water and still evapranspirateduring dry seasong heplate XXI

belowis a graph showing the relative humidity in Kano.
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Relative humidity
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Plate XXI : Image showing relative humidity in Kano

5.5.2.3 Rainfall
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Humidity

Kano experiences minimal rainfall throughout the year with the highest rainfall amount

in August averaging 257mm and the driest months range from Decenmbardio. VGS

is to take advantage of the rainy season and store waveaitening during the dry period,

also plants selection would be considered to withstand droBgdte XXI shows the

average rainfall in Kano.
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Plate XXII : Image showing average rainfall in Kano State.

5.5.2.4Sunlightand daylight hours

The presence of trees and shrubs on the site is an advantage gsavidg thermal
insulation, shading, and evapranspire whichimprovethe micraclimate. The month

with the highest sunshine is November with an average of 8.8h thilmonth with the

least sunshine is August with an average of .7Tle west and east orientations are
exposed to direct sunlight as such Living wall VGS systems would be placed here as they
are more capable of absorbing more heat and in turn provideauooling.

Accessibility and Infrastructure
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The site idocatedalong an access road which is the Ring road bypass \ghieh easy
access to the site, also the presence of an already existingkegtatevasiyyamakes it

easy to access basic amenitiesuatb The site being located in a virgin land near
farmlands and other upcoming developments makes the density to be lower than the
metropolis.There is also access to electricity as power lines are located along the road for
existing developmenbelowis plate XXIIl showing the road and electricity lines around

the site

Plate XXIIl : Images showing roads and electric lines on site. Source; Author.

5.5.2.5Vegetation and Topography
The proposed site is characterizedti®es and shrubs this is as a result of the stream

flowing through the site. The site slopes eastwards towards the stream but has a relatively
flat slope on the western pafheplateXXIV belowshows the vegetatiomdhe site and

the topography of the site.

Plate XXIV : Image of vegetation on site. Source: Author
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Imagery Date:'12/14/2018 = 11°54'49.07% N 18232:03:99" E elev) 1479 fti Veye alt 4960 ft
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Plate XXVI : Image showing site section draining towards the south.
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6.0DESIGN REPORT

This chapter entails the architectural design process implemented to arrive at the proposed
midriseresidential estate. The proposed design will aim to reduce high temperatures and

enhance thermal comfort through tee of VGS.

6.1 Brief Development

The mainconsideration for the proposed desigihis achievement of thermal comfort

through the application of VGS. This will form a bench mark for analysis and subsequent
design in the field of architecture. Kano state which has relatively high temperatures
during the hot season need to adopt a sustainable means to effectively reduce temperatures
and make users comfortable within their spaces as such the client which is the Kano
Government plans to employ VGS to cut down on cooling loads in residential buildings
thereby contributing their own quota in ac
thermally comfortableThe design consists of 4 prototypes, 2 for low income earners
which consists of 2 and 3 bedrooms totaling 86 apartments. 1 for middle income earner
totaling 80 apartments and 1 for high income earners totaling 20 apartments. The whole

estate, houses 186 apartments.

6.3 Design Consideration

The variables of the research were the major considerations of this design which includes
the VGS systems mdinthe indirect green facades and modular living walls, the type of
plants, coverage area and foliage density. Other considerations include orientation and

functionality

6.3.1VGS systems

TheVGS techniquesadopted for this design is the direct and indiggreen facades and
the modular living walls. The direct and indirect green facades were mainly implemented

on the south and north facades as the sun radiation tends to be less on these sides compared
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to eastwest. They were designed to have a coverageoafl00 % and a LAl value of 5

as seen from research that this gives the best temperature reduction on the walls of bed
rooms. While on the walls of living areas and balconies they had a coverage ratio of 50%
and a LAl value of 5. Thimdirect greerfacades were mixed with planter boxes on each
floor, which was designed to have drain and irrigation pipes connected down to the
ground level. The living walls were used on the bedrooms facing east and west
orientations enabling to reduce large amount edthand providing adequate thermal

insulation.

6.3.2 Plant selection

All the plants selected for the design are well adapted to the local climate of Kano and are
very good in thermal insulation and as meets the purpose of the research. The plants are
locally available and have fast growdimd easy planting techniques. Theedt green

facade made use of the pink bougainvillea climbers which is an evergreen plant, planted
in loamy soil from the ground. They often shed their flowers during the dry season, though
easily grows them back if watered adequately. They possessdtandy and can cause
damage to walls, to tackle this, a natural stone veneer was used to clad the walls on which
the grow.

For the indirect green facades combined with planter box system, the climber known as
Ficuspumila (climbing fig) was adopted. It i$sa an evergreen vine and known to grow
very fast and wild if not adequately cared for. It is also known for its considerable
transpiration rat@ndas such is a good enhancer of miclionate. In this research it is

used as shader for the living areasyimty and balconies. Rose climbers which are also
cultivated locally were used mainly for their aesthetics functioreaaces, and beside

service ducts, though they also add to the thermal performance of the building.
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For the modular living walls, varietgf plants were chosen to enhance the thermal
properties of the wall, it was designed using a hydroponic growing media of rockwool
making it lighter than using soil. The plants consisted of marigold flowers, English
boxwood andxora shrubs. These plantsealocally cultivated in the north and are often

used in landscaping as hedges and shrubs. There are evergreen and are also known to

have great impact of thermal comfdPlate XXVII below showthe images of the plants

used in the research

Plate XXVII : Images showing plants adopted in VGS
6.3.30rientation

The longer sides of the buildings were orientated towards the north and south, thereby
informing the type of VGS to be used on each orientation. The green $asade used
on the north and south and living walls on east and west. The windows were also

minimized to reduce heat gains and glaring.

6.3.4Site planning
The site was zoned according to noise and privacy considerations. The lower density

which is forthe high income earners also have the advantage of viewing the water body
from their spaces. The area surrounding the stream was designed as a recreational facility
to enhance interaction and relaxation. The site was also designed to have enough
vegetatio to create a good micro climate. The auxiliary facilities were planned in the

core of the site to enhance equal accessibility from each density.

72



6.3.5Services

6.3.5.1Water recycling

An onsite water recycling system is integrated on the site to regyelewater and in

turn use it for watering the VGS.

6.3.5.2S5ewage
A biogas plant was also incorporated to produce biogas from organic waste which could

help in waste management there by reducing greenhouse gases emission and supplying

some amount of gder the estate.

6.3.5.3Irrigation and drainage of VGS

Underground pumps and pipes were provided to cater for irrigation of VGS. The living
walls make use of drip irrigation with pipes on every 2 floors. Both the green facades and

living walls have drainipes connected below the ground

6.4 Schedule ofaccommodation

The tables below show the space requirements and accommodation schedule for the
different prototypes in the design. Table 6.1 shows the spaces irbard@m for low
income earners with theiloor area.

Table 61 Schedule accommodation for tda@droom prototype for low income earners

Rooms Minimum Floor  Unit Furniture Parameters
Required Area
Living/ 25mz2area 1 Sitting area wittcentertable decorative shelves
dining miscellaneoutems @ecorativg, Circulation for
wheel chair inclusive
Kitchen 7.3 m? area 1 Built in cupboards 1500x 600
3.60m width 250 Itr Freezer 800x 750
Clearance between
opposite facing fittings 1500
Built in sheles and cooker 2200x600
Bedrooms 16m2 area 2 Queen sized bed 2000x1800
4.00 m width Clearance for dressing 1500
Bed side tables (2) 750x600
Dressingtable 1200x600
Large sized wardrobe 2400x600
bathroom/ 3.24m? area 4 wC 700x450
WC/ 1.80m width Shower tray 900x900
Storage
Entrance 7.20m? area 1 Provide step less entry. The porch may be part of a
3.60m width verandah.

Total area in the range 80.00n% including all walls.
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The Table 6.2 below shows the spaces required and their area requirements for-the three

bedroom prototype for lowncome earners.

Table6.2 Schedule accommodation for é&bedroom prototype for low income earners

Rooms Minimum Floor  Unit Furniture Parameters
Required Area
Living/ 30m2area 1 Sitting area wittcentertable decorative shelves
dining miscellaneougtems @ecorativg, Circulation for
wheel chair inclusive
Kitchen 7.3 m2 area 1 Built in cupboards 1500x 600
3.60m width 250 Itr Freezer 800x 750
Clearance between
opposite facing fittings 1500
Built in shelves and cooker 2200x600
Bedrooms 17.0m2 area 3 Queen sized bed 2000x1800
4.50m width Clearancdor dressing 1500
Bed side tables (2) 750x600
Dressingtable 1200x 600
Large sized wardrobe 2400x600
bathroom/ 3.04m2 area 3 wC 700x450
wC 1.90 m width Shower tray 900x900
bathroom/ 4.60m2 area 1 wcC 700x450
wcC 2.0 m width Shower tray 900x900
storage 3.60m?2 area
2.0 m width
Entrance 7.20m2 area 1 Required area for table and chairs
3.60m width for relaxation for 46 users 9
Clearance for planting 2
Balcony 6.75m2 area 1 Provide step less entry. The porch may be part of a
1.50m width verandah.

Total area in the range 20.00M including all walls.

Tables 6.3a and bbelow indicate the spaces for the middlecome earners and their

minimum floor area, it also shows the furniture parameters which guided the allocation

of spaces within the building.

Table 63a Schedule accommodation for ¢élebedroom prototype for middle income

earners
Rooms Minimum Floor  Unit Furniture Parameters
Required Area
Living 32m2area 1 Sitting area wittrcentertable decorative shelves
miscellaneougiems @lecorativg, Circulation for
wheel chair inclusive
Dining 13m2area Min. requirement for dining table

5100nt
1200x 600

for 6 people
Side tables
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Table 64b Schedule accommodation ftmreebedroom prototype for middle income
earners

Rooms Minimum Floor  Unit  Furniture Parameters
Required Area
Kitchen 11.0m2 area 1 Built in cupboards 1500 x 600
3.60m width 250ltr Freezer 800x 750
Clearance between
opposite facing fittings 1500
Built in shelves and cooker 2200x600
Bedrooms 20.0m2 area 3 Queen sized bed 2000x1800
4.50m width Clearance for dressing 1500
Bed side tables (2) 750x600
Dressing table 1200x600
Large sized wardrobe 2400x600
bathroom/ 4.50m? area 4 wC 700x450
wC 1.80m width Shower tray 900x900
storage 3.60m? area
2.0 m width
Entrance 7.20m2 area 1 Required area for table and chairs
3.60m width for relaxation for 46 users 9
Clearance for planting 2
Balcony 8.00m2 area 1 Provide step less entry. The porch may be part of a
2.00m width verandah.

Total area in the range ©60.00M including all walls.

Tables 6.4a and bbelow indicate the spaces for a fdagdroom duplex for the high
income earners and their minimum floor area, it also shows the furniture parameters
which guided the allocatiorf gpaces within the building.

Table65a Schedule accommodation for felmedroom duplex for high income earners

Rooms Minimum Floor  Unit Furniture Parameters
Required Area
Living 33m2area 1 Sitting area wittcentertable decorative shelves
miscellaneougems @ecorativg, Circulation for
wheel chair inclusive
Family living 18m2area Sitting area wittcentertable decorative shelves
Dining 18m2area Min. requirement for dining table
for 6 people 5100n?
Side tables 1200x 600
Kitchen 19.0m? area 1 Built in cupboards 1500x 600
4.20 m width 250 Itr Freezer 800x 750
Clearance between
opposite facing fittings 1500
Built in shelves and cooker 2200x600
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Table66b Schedule accommodation for febedroom duplex for high income earners

Bedrooms 18.0m2 area 4 Queen sized bed 2000x1800
4.50 m width Clearance for dressing 1500
Bed side tables (2) 750x600
Dressingtable 1200x 600
Large sized wanwbe 2400x600
bathroom/ 5.0m2 area 5 wcC 700x450
wcC 1.80m width Shower tray 900x900
storage 3.60m? area
2.0 m width
Entrance 4.90m?2 area 1 Required area for table and chairs
1.90 m width for relaxation for 46 users onv?
Clearance for planting 2y
Balcony 8.00m2 area 1 Provide step less entry. The porch may be part of
2.00m width verandah.

Total area in the range 800.00n% including all
walls.
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7.0SUMMARY, CONCLUSION AND RECOMMENDATION S

7.1 Introductio n

This chapterdiscussesthe summary, conclusion, contributions to knowledge and
recommendations of ith research.This chapter outlines how thebjectiveswere

achieved limitations andecommendationareador further research

7.2Summary

The first chaperintroduces the concept of thermal comfort and ways that have been used
to achieve it in residential spaces. It also identified the need to look for more sustainable
means of achieving thermal comfort especially in hot dry climates of Nigeria. Therchapt

introduced the concept of Vertical greenery systems and also indicated that only few

research works had been carried out in Nigeria on VGS.

Chapter two discussed in details what Vertical Greenery systems are; how they evolved
and developed over time, the different types available, and how they had been used in
other parts of the world. The chapter also outlined the key works and researches don

under this field and mentiongtie thermal benefits and other importance of VGS. It

summarised the recent works, and the thermal achievement derived.

Chapter three presented the methodology used to carry out the research which included
visual survey andcomputer simulation. The visual survey was conducted on two
residential houses that incorporated VGS in their designs, locatéadumaand kano.
Instrument that were used to collect data during the visual survey included camera.

Measuring tape and skétpad. Simulation was carried out using DesignBuilder V4.5.

The next chapter discussed the visual survey and simulation results derived from the
analysis. A base case was designed and simulated, after which VGS was added and

simulated to obtain the diffence. A maximum of decrease ofC/vas derived from
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living walls whilea decrease of 5.35°c was gotten from indirect green facade with 100%

coverage ratio.

Chapter five discussed in detail the site selected for the proposed design, outlined some
criteria for the selection which included location, accessibility, proximity to amenities,
topography and presence of water body. The chapter also presented the site features such

as climate, topography and services and tienvfeaturesvould influence the design.

Chapter six entailed the design process, discussing the brief development and design
considerations. It mainly pointed out the VGS techniques adopted which is the direct and
indirect green facades and the modular living wall. It also stated out the pdadt$on

the research and how they enhance thermal comfort. In conclusion, it discussed the

implementation of the research outcome in the design.

8.3 Conclusion
The aim of this studis to enhance thermal comfday the application of VGS in midrise

residentialestateshrough the following objectives:
1. To examine the relationship between VGS and indoor thermal comfort in
buildings.
2. To evaluates the application of VGS characteristics in seletseal survey and
assessments.
3. To determine the effects of VGS tirermal comfort imresidential building design
through computer simulation in tihet dry climates of Nigeria

4. To demonstrates the outcome of the study in the design of a midrise estate.

This was achieved by making thorough research of previous works and studying how
VGS have been incorporated in buildings. Two case studies were carriedkaatuna

and Kano each but had limitation as they only integrated the direct green fagcade only.
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From the information derived from the visual survey and literature, a base case was
modelled and simulated to obtain the comfort profile. Two different VGS was applied on
the walls of t h eindifead green facade end living watl arsl thénh e
simulated varying factors such as the coverage ratio, foliage density and orientation to
obtain the best result3he research showed that Living walls have the best ability in
reducing temperatures as such they are most suitable to be used on east and west
orientations. Indirect green facades also exhibited good results and can be used on north
and south orientations. In the hot and dry climate of Kano, Indirect green facades can be
used as a goaaption as it has a considerably good effects on thermalarbarid is less

expensive than the living walls

8.4 Contributions to knowledge

1. With the integration of livingvalls using ixora, marigold anBnglishboxwood
shrubsa maximum reduction of 7°c was achieved
2. A reduction of5.35°c for green facadassing Ficus pumila and bougainvillea

climbersat 100% coverage ratios was obtaiae80% window to wall ratio

8.5Recommendations
1. Research on other types of VG&h as the direct green facadkeuld be carried

out to know their beefits on thermal comfort in hot dry climates
2. Different plants should be explored as to determine which one has higher impact

on thermal comfort.
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Appendix XV : First- Third floor plan of 3 bedroom fdvledium Density.

Appendix XVI : Approach and Rear Elevations of 3 bedrddedium Density.
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