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Abstract

This research evaluates the efficiency of Atriunhat, arid regions and analyzes the
reduction of energgonsumption that could be achieved in buildings by application of
optimal variables. A virtual model of a shopping mall in Dubai, United Arab Emirates
is created in IES/E software using the existing parametdise variables that impact

the energy consuntipn such asRoof profile, Roof ventilation, Number of floors,
Light to solar gairratio ( LSG ), Insulationvalue( U ) of envelope are analyzed by
changing one variable at a timé&fficiency is analyzed in terms of energy
consumption, cooling load, dehumidification lodéights energyandcarbon emission

to obtain optimal valueShese values are applied to optimal model and simulated. An
analysis of simulation results of base casel optimal cases demonstrate that an
energy reduction ofbout20% could be achieved in this research. Sensors placed
inside building and U value of roof are noted ke the most effective variables
reducing the energy consumption®&$ and7.5% respeavely, while Glazing pofile,

U value of external walind number of floorseduce aergy consumption by around
3.%%. Roof ventilation and LSG ratio of external glazing have minimal impact of
around 1.5and 0.666 respectively while LSG ratio of internallgzing does not have
any impact. The results demonstrate that the summation of percentage reduction in
energy consumption when variables are applied individually need not be equal to the
reduction achieved when all optimal values are applied togdtieb effect of one
variable over otherAs the height of building increases, the reduction in cooling load
is offset by the incrasedlighting load. It also demonstrates that when all optimal
values are applied together, the percentage reduction achiev@® israspective of

the number of floorsDesigners by applying these optimal values in their design of

Atriums can achieve an energy consumpti®i kWh/nf in their buildings. Thus this

research establishes Optimal standards in Atrium design in Hot Aridtek.

Key words : Atrium, Energy performance, Cooling load, Light energy, Roof profile,
Roof ventilation, Number of floors, LSG ratio, U vallESVE
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Chapter 1: Introduction

Sustainability is defined asrecessityof our generation tatilize theresource base

such a waythat the average lifquality that we ensuréor ourselves campossiblybe
sharedby future generationslso (Asheim 1994). Ensuring that the planet eaitts
resources are not depleted is our responsibilityo of the major factors thamipact

the sustainability of this planet earth are namely, energy consumption and CO2

emissions.

The currentworld population by mid of 2014 7,24,37,84,12 (7 billion) and by year
2050it will reach 9,55,09,44,891 (9.5 billion) according to the data published by the
United Nations, Department of Economic and Social Affairs, Population Division
(2014).Figure 1.1 showshat the expectethte of growth of wdd populationin 70
years,i.e. from the year 1970 to 2050 will be more than 2.5 times. The energy
consumption has risen mainly due to the tremendous population growth rate, in
addition to the better standards of living of the peoplrording to World Eergy
Outlook report published by IEA, the global energy demand grows for all forms of

energy and it increases by ettérd from 2011 to 2035.

2013

Figure 11 : Global uman population in billions (WWE013)

Living planet report 2013 warns that at the presatd, CO2 emission is likely to
reach 80 gigatonnes in 2050 from 14.9 gigatonnes in 1970 which is more than 5 times

in 70 years (Figure 1.2).

2012 LsEns

Figure 1.2 : CQemission prediction in gigatonnes (WVZB13)



Although efforts are taken to meet the energyaed by other sources of energy such
as renewables and nuclear, restraining the energy consumption and lowetng CO

emission becoma vital task for a sustainable environment.

1.1 Significance of building sector in Sustainability

Energy efficientbuildings with low energy consumption and low carbon dioxide
emission are key to sustainabilitprganization for Economic Coperation and
Development OECD (2013) states thdtuilding sectoris the largest consumer of
energy in the worlchnd consumesover one third of totawo r | d 0 s lteanleer gy .
seen from Figure 1.3, thauilding sectomwith total energy consumption of 35% are

the major consumers of energy among other sectors.

Other sectors

m Coal
= Qil

= Natural gas

Buildings
35%

= Electricity
® Commercial heat

= Renewables

Figure 1.3 :Energy consumption by sector and building energyim010
(IEA 2013)

Buildings are also an equally significant source of carbon dioxide)(€issions.

According to USGB(Q2007) data, the level of C®emission from commercial and
residential buildings alone accounted for 39% of total. @®issions of US and
amounted to 2226 milmetric tonnesin the year 2006The use of electricity for

heating, cooling, lighting, appliances contributes to this @@ission from buildings.



Industry
/ Buildings 299,
| 39%

Figure 1.4 CO, emissiondf major sectorérom fossil fuel in 200gUSGBC2007)

Attaining substantial drop in energy and £#nissions in the buildingectorplays a
major contribion to world sustainabtl. Constructingbuildings which are energy

efficient and with low C@emissions is a challenge for architects and engineers.

1.2 Building sector and Sustainability in Dubai

Among the GCC countrie§)AE takes the second place next to Saudi Arabia in terms
of numberof projects planned or underwdlfigure 1.5).UAE is one of the fastest
growing countries in the world and its construction sector is booming and back after
the recession, looking forward toost the prestigious World Expo 2020. The
forthcoming Expo 2020 is one of the largest event held once in 5 years and a
prestigious event participated by the global community sharing innovations and
issues of international significance like life qualitgoaomy and sustainability. This
expo will run for 6 months from October 2020 to April 2021 and will be the first one
to be held in the Middle East, North Africa, and South Asia region projected to attract
25 million visitors(Milne 2014) According to MEED data, the infrastructure needs
for this expo will boost construction industry. The basic infrastrudturéhe expo at

the 4,380,000 sgaremetersiteat Jebel Ali Dubai World Centr§DWC) will cost US

$ 2-4 Billion. The secondary infrastructure spend will be more than US $ 8 B.


http://www.mondaq.com/content/author.asp?article_id=312426&author_id=761862

W UAE
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1% W Qatar
B Saudi Arabia

29%

Source: MEED Projects

43%

Figure 1.5 GCC Projects planneat underway as on febraury 20(3eloitte 2014)

Middle East Economic Digest (MEED 2014) estimates the total value of projects
planned or underway in UAE at US $ 727 B asAgmil 8, 2014 which is more than
9% of the value , a year agaccording to Dubai chamber base data, the construction
sector outlook is on thepward trend and in year 2028id 1.6) and its contribution to
UAE GDP will be 11.5%.

' X I
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BN Construction industry (USD) === Construction industry (% of GDP)

Sources: Dubai Chamber based on data from Business Monitor
International (BMI)

Figure 1.6 Construction Sectayutlook inUnited Arab Emirates
(DCCI12012)



Figure 1.7 showsthe sector wise spend as oprA 2014 by the construction industry.

It can be seen that the mixed use has the maximum spend of 36% followed closely by

33% of canmercial sectotUnited Arab Emirates outlook 2046 report published by
SambaFinancial GroupSFC in June 2014 shows that the retail sector contributes

1.2% to the countryds GDP growt hthewhi ch i
sectorqFigure 1.8).

B Commerdial

B Healthcare
Residential
Cultural
Hospitality & leisure
Educatuion

Bl Mixed-use

Source: MEED Projects

ARG

Figure 1.7: Construction spend per sectoraasApril 2014(Deloitte 2014)

4.7

) (% first half 2013, DSA) e

1.4

Figure 1.8 Breakup of sector wisenatribution to GDP growth in Dub&5FG 2014)

The growth of the retail sector is supported by numefact®rs such as population
growth, growing wealth of residents, tourist inflow eékccording to data provided by
Jones Lang LaSalle (JLRO13, an estimated 26 million sgm of retail spaceis



available in Dubai asfd®2013 and a further 3470G@m is due by 2015. Thaimber

of shopping malls are under construction or in design stage.

‘ i

Figure 19 : Growth of retail sector in area 202015 (JLL 2013)

By year 2020, to dar to thesegrowing number of shopping malls and other
developments anthe 25 million visitors expected for Dubai Expo 2020, the electric
consumption is likely to reach 9.6 gigawatt. That is almost a 50% jump from 2012.
To meet this huge demand, Dubai needs to produce more electricity and reduce its
consumption. Dubai Eleatity and Water Authority (DEWA)has taken up expansion
schemes of value AED 20 B (US$ 5.5B) to increase its power generation capacity.
Further Dubai plans to diversify its energy source by 2G3§ure 1.10)with nuclear
energy 12%, clean coal 12%&newablesnergy 5% and gas 71%.

DIES 2030: Dubai Projected Fuel Mix Scenario
Dubai Projected Fuel Mix

Percentage of Capacity Mix

100%

5%

12%
1%
- -
2010 2020 2030
Gas Diesel Clean Coal Nuclear Solar

Figure 1.10 Dubai projected fuel scario (DSCE 2013)

In spite of all these ambitious plai3ubai needs to cut down its energy consumption

to meet the challenge of growing energy demdar growing number of shopping



malls in UAE consume a lot of enerdgypr their lighting and coolinglf the energy
consumptionof these mallcould be reduced by proper planning in their design, it

will be a significantcontribution to sustainability in theountry.

1.3 Atriums and Sustainability

Atrium is an enclosed glass roofed area in the center of a building and used as an
architectural feature in a number of commercial, institutional buildings around the
world. It connects the interior to the opeuatdoor environment but at the same time
provides protection from the harsh extreme climate of the exterior. It not only
provides an informal social meeting place but also brings in sunlight, warmth, thus
bringing cheer to the people inside an enclosiites oxford dictionary describes
Atrium, a Latin word as armpenroofed entrance hall or central court in an ancient
Roman houselt was open to sky and had a shallow pool to catch rain water.
(dictionary.com nd)Hencethe atrium has had its origin from antrance hall with an

open to sky roond has now developed into enclosed glazed area. An atrium should
be constructed not only for spatial and visual reasons but also the energy and

environmental aspect has to be considered.

Nowadays, a number of hotelEhopping malls, office and institutional buildings are
built with an atrium in the center. The architects incorporate atrium in their design for
various reasons. It could be purely for aesthetic reasons or for spatial function where it
serves as a sociaimeeting place or for environmental reasons where it connects the
interior to the outdoor or for energy considerations bringing in sunlight thus reducing
lighting energy consumptio®d pr operly designed atrium

efficiency.

It should be remembered that when the atrium brings in free sunlight, it also brings in
thermal heat along with it. While more daylight decreases energy cptisanin
lighting, it increases or decreast®e indoor air temperature, thus increasing the
cooling loador heating loaaf the buildingrespective to the climate zone it is located

A properly designed atrium can increase the daylight performance by reducing the
need for artificial lighting and increase the thermal performance by reducing the
cooling/heating load. Balancing the daylight performance and the thermal

performance increases the efficiency of the atrium. But if not properly designed then

al



the natural light coming inside Atrium will not be utilizefficiently and it will
increase thecooling loadin tropical climates or increase the heating load in cold
climates But if designed efficiently, they will not only be an aesthetic feature in
buildings but also one of the main sustainable feature.

1.4 Research Motivation

Most of the newbuildings constructed, be it public, recreational, educational or even
residential, whether high rise or low rise try to have an atrium as one of its key
architectural features. If this featureAtrium, is designed properly it can increase the
bui | deffimegcy.<Efficiency meaning the thermal performance and the daylight
performance of the building.

Dubai beingone of the besthopping destinatianof the world, thisesearch focusses

on shopping malls in theity of Dubai An overview of buildingsn UAE, established

that almost all the shopping malls had arium as one of their design feature. As
discussed in the previous section, if designed properly they will not only be an
aesthetic feature in shopping mallsut also become one of the main taugable
feature reducing the total energy consumption to a great extent. If all the upcoming
malls are designed to incorporate an efficient Atriwith some basic standardbe

saving on the total energy consumption in UAE will be significant.

Hencea research t@xamine the basic standards to be adopted icdhstruction of
atiuminmalls,i ncr easi ng t he bbcomes rkcessgiyagngsomé i ci enc
basic standards will motivate the designarsl buildersto easily incorporate this

featurein their designs in an efficient wawhile they will also be aware of the

percentage reduction in energy they are contributingitio their design.The study

should examinghep ar amet er s that influenawwatt he atr
optimal vdues for each parameterhe natural day light coming inside the building

through the Atrium will not only open the enclosed space of the building to nature but

should efficiently reduce energy consumption with lesser artificial lightingitand

should als avoid unnecessaryheat gain. Motivated by the above factors, a real life

scenario of an existing atrium in Dubai is taken up andatiially examinedo find

out the amount of energy that could be saved by an appropriate atrium design.



15 ResearchAims and objectives

The aim of this researdh to investigate on the factors affecting the efficiency of the
atrium and to find optimal values for the different variabl€ee questiordeveloped

for further researchs, what are the factors thatcrease the efficiency of atrium,
efficiency meaning optimization of daylight penetration and thermal performance in
terms of energy consumption. The question is applied to a real life case, an atrium in
Dubai, Lhited Arab EmiratesThis research triego setsome standards for atrium
design that would help the designers in their design of atriums in hot arid climatic

zone.

The objective oftiisresearch project is as follows:

1 To identify the factorg variables that influences the daylight penetratod
affects the thermal performance of the building.

1 To study an existing shopping mall and examine its present performance in
terms of total energy, cooling, dehumidification and lighting load.

1 To apply different parameters for each variable and investigathe effect of
these factors/variables on atrium efficiency

1 To identify the optimum value fagachvariable that can be incorporatkat an
efficient atrium design and tovestigate the amount of reduction total
energy consumption iheseoptimal values are appliddgether.

1 To identify the most important variable the designer has to look into, to
achieve efficiency.

1 To facilitate the designers and builders by providogimal parameters for
each variablend set some basic standardshie design of Atriums in hot arid

climatic zones.

An efficient atrium in ashopping mallbuilding saves on the total energy
consumption of the building and plays a significant role in the total savings on the
energy consumptiorof United Arab Emirates. Thus this research aims to

contribute to the sustainability of this region.

10



1.6 Dissertation structure

This Dissertation is organized into Six chapters. Chapter 1 introduces the sigafica
of the building sector in sustainabilignd the sustainability scenario in the building
sector in Dubai. It overviews how Atriuneentribute to sustainability. Further, it also

discusses on the research motivation and establiskearclaims and objectives

In Chapter 2, a literature review eé®nducted with previously published papers and
resources on Atrium mainly, to study the history of Atrium, to study the
characteristics of Atrium and to study the variables tested by other researchers

impacting the efficiency of Atrium.

Chapter 3 dealwith research methodology in which methodology used previously to
conduct similar studies are noted and a methodology is selectéakséfidd. Further,

a research plan is developedearing in mind the practicality of conducting the
research. Also theesourcerequirements for the research is identified and the software

to be used for this analysis is validated. The variables to be tested in this study is also

established from the previously conducted literature review.

Chapter 4 focuses on base casmel wherein an existing shopping mall in Dubai is
selected This chapter explains the construction of virtliase casamodel with
materials and working profile as on séadsimulation of this modeandthe models

with altered variable. Each variable case by case is analyzed to thasbrange in
buil di ng 6 s ang estallish optiraah gametéos each This chapterlso
explains how the final energy consumption is calculated by the used software tool.

This helps to reason the energy performance changes of the building

Chapter 5 discusses the optimal case modedimg) data analysidt compares the
simulation result®f optimal case and base case. Energy performance of the building
is analyzed and theercentage reduction in energy that could be achieved by applying

together albptimal values is reviewed.

Chapter 6 concludes the research by highlighting the main findings.
Recommendations for an optimal Atrium in hot arid zone is provided based on the
findings and also recommendations for future stadyAtriumsis suggested in this

chapter.
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Chapter 2

Literature Review
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Chapter 2: Literature Review

In order to develop the research question further and to find out the methodology

suitable to arrive at a solution, a literature review was conducted.

The literature review is doneith 4 objectives;

1. to study the history d&trium,

2. to study the characteristicsAfrium,

3. to studythevariablesmpactingefficiencyof Atrium from previously researched
papers,

4. to studythe methology usedfor research in the various published papers.

The previougpublished researghaperson Atrium were searched for, frothe online

journal resources available through the British university library and friemnet

resources. The searchwa® ne wi t h t he chmbinedwithrsubsidiat r i u mo
wordssuchasd Day |l i g Ahenaqga)l pkY d rotr indarandcie@®@8 6 mul at i o
etc The search was limited toeer reviewed journaldMainly the papers were from

scientific journals such as Bdihg and environmeng&nergy & Buildings,Lighting

Research& Technology, Energy and environmentEnvironment International,

International Journal of Energy Research,International Journal of Low Carbon
Technologies,and Solar Energy. Numerous papers nearly 75 in number were

extractedstudied their abstracts revieweand the papers were shortlisted for review.

Published books, handbooks were also reviewed for useful informatioiim
Buildings, Design and Developmebly Saxon,Rpublished in1983, cited by 110
authors as on 15 october 2012esign Principles of Atrium Buildings for the Tropics
by Ahmad.M.H SLL lighting handbookveresomeof the reviewed books.

Literature review on historycharacteristicand efficiency of atrium will be d@ in
this chapter and the review on methodologies used by various authors will be done in

chapter 3Following are the observations from the literature review.

on Chronological and Topical basis

The oldest published peer reviewed paperAtrium which could be obtained from
this searchs in the year 284 by NavvalM. and SelkowitzS presented in the ninth
national passive solar conference at Ohio, U research is supported by tHeS

13



Department oEnergy. T hi s p a |gkting détaDfar yAtrium desigiifocuses on

the atrium characteristics such as geometryentation, interior surface treatments
and glazing systems and how they can influence the admittance and distribution of
sunlight and solar gain.

At present, 3 decadestarf the first published paper, numerous papansthe topic
Atrium have beemesearched and published. The first decade fromi@&&4 to 198,

very less number gbapers(only 2 from this searchjvere published which mainly
dealt with the topic oflay lighting. In the second decade 1994 to 200& number of
papers increased considerably (17 from this search) andntheyy dealt with the
topic of day lighting as well as simulation techniques. There was even 1 paper
published in 1998 which is a review pépers publishedn prediction methods for
atriailluminance.The third decade 2004 to 2014 saw a maximum number of papers,
(54 from this searchjealing withday lighting, ventilation, simulation techniques and
thermal performancé review papers (frorthis search) were published in this decade
dealing with daylighting (2), ventilation (1), simulation techniquesT{®. above
observation is from the results of this search only. This shows thaivdwenessn
sustainability has increased tremendouslyl arium as a means to implement
sustainabilityin a building and reduce energy consumptioas increased with the
designers andclients and hence, research interest on this topic has grown

tremendously.

on the basis of region

The collected papers werésa analyzed on the basis of the region from where the
research were conducted. It is observed that m#nayesearches were done in UK,
CanadaChina, US Malaysia,ltaly, SwederandKorea Australia, Brazil, Singapore,
Slowvenia, and the Middle eastern countries such as Dubai, Jordan, Saudi Arabia,
Qatar, Turkey had gsery minorcontribution of papex It is observed that very few
researches were conducted in téddle eastern region owe can sayhot arid
climates In the Asian region, there are a few researches conducted in the hot humid
climate of MalaysiaMostly the researches are done in the cold climates with overcast
sky conditions not with clear skygmce proving the need for research to be conducted

in the hotarid climate ofthe Middle east with clear sky conditions.

Following sections discusses the results of the literature review conducted
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2.1 History of Atrium

Atrium is a generic building form which has evolved over centuri®axm in his
book Atrium Buildings, Design and Development published in 1%8&tes that atrium

is a 2000 year old idea. Thacient oman Atrium has developed into an enclosed
glazed area in the modern timédrium is a htin word with first known use in567
(MerriamWebstey.

The originaldoswouldd 6otr i bm confused with
Though they serve the same function bfinging light and ventdtion inside a

building and actas social gathering place, the atrium is a large room with a roof

opening at itcenter while courtyard igpen to sky space aroumdhich the building is
constructeqFig 2.1). Both Atrium and courtyard have rooms arranged arounkhé.

plan of the ancient roman house shows that they had an atrium neatrdrece and a

courtyard called Per i st yl umé at(Fghd rear of the hou

Figure 2.1 Interior view of the rich Roman house, Domus.

a) Atrium of a roman housé a central b) Peristylum at the house of
hall with roof opening at the entrance Vetti, Pompei- an open courtyard
(Saxon1983) within the hous¢ BBC 2011)

ANTICA posTian
Figure 22: Plan of a house Domusin pompei, Ancient Rome
(History on the ne2014)
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Origin: The origin of atrium is of the"? century ADroman times. It is a central hall

at the entrance of the rich roman house ¢
sky ard had asHal ow p ool mpnaumd etdo aa ateErd Ihservea asnaw a

imposing entrance area with arrival focus or a focal court around which rooms were
arranged with circulation focus and they acted as a-pablic area where people

gathered Klistory onthe net 2014).

Over the centuriesyithin the restrictions of materials available at that period mainly
masonry and timbert developed into a central concept in Mediterraneanhiuatdile
eastern architectureLater during industrial revolution glasadiiron technology was
added to this and the simple atrium developed into covered courts, argaliiesa
and winter garden&Saxon1983)

19" century : In early 19" century green houses were constructed which utilized the
solar heat coming inside the building but not passing out easily to achieve
temperature change inside. Central heating allowed these glass houses to work all year
round and people began includasthn conventional buildings as conservatories
(Fig 2.3a).

Figure 2.3 : 19 century buildings in England with skyligh8éxon1983)
a)A conservatorypuilt in 1855 b ) J o h rAttinglzas padkShropshire,1806
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These glass house buildings had a distinct influence on atrium concept. Architects
merged this glass and iron technology with conventional courtyards to create well lit
interiors.In1806, John Nash constructede of the first modern atrium at Attingham
park, Shropshire to lit an interior of a picture galléifyg 2.3b).Glass roofed cortile
(courtyard) at Reform club, London built by Sir Charles Barry in 183@ 24) is
considered one of the first true atri@axon 1983)

Figure24:Sir Charl es Barryo6s (Reohl®83m cl ub, L C

The galleriaat Milan by Mengoni 1867Fig 25) is an arcade with shops on ground
floor andoffices on the abov8 floors emerged as an intriguing design for shopping
arcades worldwide.

Figure2.5: Plan and view oThe GalleriaMilan, 1867(Saxon1983)

17



20" century: In the early 20 century, the interest of atriums waned and was revived
again in thHHPorltImmhds. Reglemcy Hya@ig28iot el
built in 1967was recognized instantly atghd a great influence on the future design

of atriums.

Figure 2.6: 20" century- Hotel Regency HyattAtlanta, Georgial 967 (Saxon1983)

I n 198006s the atrium design devel amged i
the mainstream commercial developments around the world stadagting atrium

and gallerian their design.

21%t century: Atrium is a popular design feature now because of its social and
economic values and technical feasibilityith the awareness of energy savings and
passive design among the architects anddbts| the future of retail atrium is bright

and will be improved both in technicality and in style.

An analysis of shopping malls in Dubai shows that almost all of them include atrium
as a feature. Below in Figure 2AZF is shown pictures of interiorof some of the
popular malls in Dubai.

18
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[C] Mercato Mall

Figure 2.77A-C] : Interior photos opopular shopping malls in Dubai
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[D] Dubai Festival City Mall

WL

i

8 93

Figure2.7 [D-F] : Interior photos of ppularshopping malls in Dubai
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It can be seethat these malls have utilized atrium either for aesthetic reasons to open
the interior to nature or to increase their corporatail image or for sustainability

factors to bring in sunlight and reduce energy consumption during day time. Whether
theseatriums are effective in reducing the energy consumption is a matter to be

analyzed.

2.2 Characteristics of Atrium

2.2.1 Form and Function

Saxon(1983)in his book classifies the simple generic forms of atrium. Thases
aredefined by the numbenf sides, the atrium abuts the buildingmely, one sided,
two sided, three sided, four sided or enclosed and linear atriums as can be seen in

Figure2.8below.

Single sided or two sided atrium : .
conservatory atrium three sided atrium

four sided or enclosed atrium linear atrium (open ends)

Figure 2.8 Simple gneric forms of Atrium $axon1983)
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These simple forms are suitable for a small building as well as large complexes. The
most common form is the four sided or enclosediatmvhich is found in deep plan

buildings to allow daylight into the core of the building.

The Roman atrium served as an arrival space at the entrance where people could meet
before entering the other rooms. It served as a place where the wealth and $tetus of
rich romans could be displayedpitovided natural light and ventilation ftre rooms,

since mostly the outer wall of the house had no ogsnimoday, the glazeatriums

with technological advances serves greater purposes and has become a gaijpuér f

of passive design in buildingsAhmad & Rasdi (2000) in their book Design
Principles of Atrium Buildings for the Tropicsvgs some interesting reasons for the

development and function of atriums in shopping malls.

Social aspects:

1 Atrium is a focal point of a building and it defines the space organization and
circulation.

1 It adds a corporate retail image for a shopping mall without which it will be
considered ordinary

1 Retail spaces has a perceived need for special interior dasdyratriums
uplifts the interior ambience and becomes a marketing strategy.

1 Atrium spaceopensnatureto the closed interior space¢hus uplifting the
moods of the people inside, but at the same time it protects them from the
harsh weather outside.

1 Itis a private space for the building users where they can connect with nature
without being observed by outsiders.

1 It acts as an entertaining and a connective space.

Economical aspects :

1 It brings in natural sunlight, thus reducing the need for artificial lighting
during day timeand helps in reducing energy consumption, thus reducing the
utility bill. If the amount of sunlight entering the building is optimized, then
the cooling / heatig load of the building could be reduced, thus again
reducing theutility bill. Hung & Chow (2001) statethat a welldesigned
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atrium will require only about one half to two thirds of that required for other
buildings.

1 However if the atrium is not designed properly, there will be an additional
cost for cooling théarge volume of atria which hasdirect solar heat gain.

9 Doiron, Shilling & Sirmang1992) stde that the market valuer the rental
value of buildings with atriums, tends to be higher and it attracts major

retailers.

Saxon(1983 illustrates with an exampl| his book Atrium Buildings, Design and
Development thathe atrium as a déghting device can be used to cut down the
utility bill of the buildings. In 1978, Bullocks departmental stores in Oakridge mall,
San Jose, CAFig 29) has used atrium as a day lighting device par excellence and
saves $18000 per annum as of the J&&3. A fabric made with Teflon coated glass
fiber which is 16% translucent as one layer and 7% translucent as 2 layers and roofs
the 18000 sqft central court. This limited translucence allows adequate light level to
the courtyard and the adjoining spa@exl also resists heat gain and reflects the

artificial light efficiently at night.

Figure 29 : Atrium as a daylighting dese in 1978 in Oakridge maCA
(Saxon1983)

In a study conducted by PG&E in 1999, it is seen that an at@mbe used for social
and economical aspects. 108 stores, twothirds with skylights and one third without
skylights, operated by large chain retailers were selected and their retail sales
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performance compared. Except for the skylights the store wereimltkeir interior

design, merchandise, management and advertising all handled by their head quarters.
Variables that had significantly effected the sales performance was statistically
analyzed by regression analysis. The variable found to be significartheoy
researchers were skylighting, number of hours the store was open, the population in
that area, average income of that population and the number of years since the store
had been remodelled. Out of these 5 factors, the largest impact was by skylighting
which boosts the sales by 40%. To explain, if $20/m2 is the average sales of a non
daylit store then theates was expected to increase$@6-30/m2 if skylight was
added. The researchers concluded with statistical analysis that this is a 99.9%
certainty. The study concludes that skyighting offers a huge competitive advantage to
retail outlets by attracting customers and boosting sales perforrgEimoad & Rasdi

2000)

Environmental aspest

1 Atrium is a key component of a sustainable, environmental approach to
architectural design. A controlled lightird atrium is a source of natural light
for deep plan buildings in addition to other environmental benefits in terms of
solar gain (useful in ald climates), reduced energy losses and natural
ventilation.(Sharplest Lash2007)

1 The reduction in day lighting, cootinload and energy consumptideads to
less fuel uage and less Co2 emission theentributing to a sustainable

environment.

2.22 Atrium r esponsive to the local climate

Further, intheir book Ahmad& Rasdi (2000warns that some designers have an idea
that the use of atrium in a building spontaneously leads to energy efficiency. The
atrium designcan be successful only if it iespnsive to the local climatdn the
cooler climates, the atrium is designed to bring in more sunlight into the building and
trap heat insle and reduce its heating lod8lt in the tropical regions the designers
should be careful in bringing the optimuamount of sunlight inside, so that the
building does not get overheated, which will then require additional mechanical
cooling to achieve a comfortable temperature inéliig 2.10).A wrongly designed
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atrium can lead to higher energgnsumption and #drefore will fail to meet the basic

environmental purpose of the atriyshmad & RasdR000)

~ /
7 \

heat build up

Figure 2.1Q Atrium to bring in optimum sunlight to avoid heat buildiopide
(Ahmad & Rasdi 2000)

The sunlight penetrating into the glazed courtyard of the atrium provides daylight but
at the same time it allows direct solar heat gain and traps the heat inside. In a tropical
region with high exrnal air temperature, the atrium temperature can rise to
undesirable levels as shown in Figure 2.11. So measures should be taken to minimize
solar heat gain and maximize heat losses. Many passive techniques such as control of
solar heat gain, optimum daght from sunlight to reduce heat load from electric

lighting, use of thermal mass etc could be applied

Degree of cocling required

atrium temperature

34 - — - LI L T T R ——
ambient temperature

29 aad R A ————

2?. - - - - - - - - - - - - - - -
.l-.-- - - - - - - - L) - - - l--l.
IR COMFORT LEVEL -
TS SSE AR

24 - .

degree C

Figure 211: Degree ottooling required in warm humicbndition
(Ahmad &Rasdi2000)
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Panet al. 010) also points out that itropical climate,extreme solar radiation
passing through thglazed atrium can worsen interior thermal climaBaharvandet
al. (2013) note that in hot climatesver heatingreduces theéhermal comfort and

becomes a major problem.

Application of western principles of atrium design without any adaptation to the local
context of climate and high irradiance levels in countries such as Malaysia and Middle
east will lead to more energy camsption. Unlike the atriums of the temperate
climate, in the tropical countries the atrium sldofunction as a cooling device
(Fig 2.12)

Climate Building use Thermal type
Cool/cold winter In heat Warming
mild or short = deficit all i atrium
summer winter

NG
Continental A Convertible
cold winters atrium
hot summers
Warm temperate In heat surplus Cooling
or tropical # year round 1 atrium

Figure 212: Thermal type selection of Atriuaxon1983)

The basic character of a cooling atrigshrould be the reverse of warming atrium. The
cooling atrium should protect against hot outside air, high temperature, high humidity
and strong sunlightDirect sun should be avoided and glazing should be polar
oriented. In humid climates where cultureowallthermal comfort achieved by cross
ventilation, the atrium can induce cross ventilation by stack effect, wind scoop and

solar chimney Bur most are built with complete air conditionii§axon1983)

From the literature surveys, it could be noted thatliglat penetration and thermal

performance are 2 important aspects that should be taken care of in atrium design.
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2.2.3 Day light performance:

Daylighting is bringing in natural sunlight into the buildings using skylights and
windows (EERE 2013).The day light available in different regionaill vary during
different time of year and day as can be sedfignre 2.13 (SLL Lighting Handbook
2009)

24
1 kix = 1000 lux

5 kix

10 klx

20 klx

35 klx

Time of day
(GMT)

Time of year
o 1
Winter spring Summer Autumn Winter

Figure 2.13 A typical daylight char{SLL Lighting Handbook 2009)

The measure of natural daylight in a space is expressed as daylight factor (DF) in
percentage(SLL Lighting Handbook 2009)3 components make up thaaylight
factor, DF (Fig 2.14).They are the (i BC sky component direct component from

sky, (i) ERC externally reflected componenteflected light by buildings, trees,
ground etc,and ( iii ) IRC, internally reflected componentreflected internally in

room suréce.

ERC = externally reflected component
IRC = internally reflected component

IR+
SC ™

ERC

‘ | Measurement point

Figure 2.4 : Daylight factor components (SLL Lighting Handbook 2009)
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DF=SC+ERC+IRCcééeééeeceéceéceéeeéée. .[2.1]

Wherein, SC is sky component, ERC is externally reflected component, IRC is

internallyreflected component.

Day light factor is also aatio of internal illuminaceat a given pointto the external

illuminance It is schematically illustrated in Figure 3.1

"""""""""""

DF=(Ein/Eext) X100 é 6 éécéééecééeceééeecéeéeeé. 2]

Wherein, Ein : Interior illuminance at a fixed point on the wopdane and

Eext : Exterior illuminancender an CIE overcast sk$LL Lighting Handbook 2009)

CIE OVERCAST SKY

A Outside llluminance
| (unshaded)

£

“l

Inside
a llluminance
| (@ workplane)

Daylight Factor = Insu?e IIIumlﬁance x 100
Qutside llluminance

Figure 2.5 : Daylightfactor ( Otis and Reinhai2009)

DF 2% means daylight at an interior point is 2% of outdoor light available. So if
outside light available i$0000 lux, then interior day light will be 200 luRkdgbertson
2003).

The amount of daylight obtainable within a building will be determined by geometry
and location of windows and roof lights. WK, windows facing south will have
higher values than thodacing north. Corrections for window orientation can be
applied by multiplying the daylight factor by a weighting factor to give the
orientationweighted daylight factor. The weighting factors for north, east, south and
westfacing windows are 0.77, 1.04,.20 and 1.00 respectivel(SLL Lighting
Handbook 2009)
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llluminance is the luminous flux or the quantity of light falling on a surface per unit

area (lumens/ sqm) and measured in luxFigure 2.16

N7

/}‘

L

100 lux 2500 lux S000 lux 10,000 lux 100,000 lux

Figure 2.5 : Typical illuminances on different surfaces under the noonday sun
in temperate climatesS[L Lighting Handbook 2009)

Exterior illuminance( E ext ) varies with different latitudedzor a particular latitude,

we can determing h e recommended Lux | evel s from A
(Fig 2.179.

18,000 Lux
Ve == s 15,000 Lux
3 W 10,000 Lux

SEESC T e 7,500 Lux
T O Ry e - e — = - 5,000 Lux
.| e . O 4,000 Lux
--------------------------------- 3,000 Lux

Figure 2.17 : Exterior illuminance at varying latitudes (Luo 2009)

The exterior illuminance of different cities can lpalculated using design sky
illuminator available online ahttp://wiki.naturalfrequency.com/files/wiki/daylight/
designsky.swf TheFigure2.18 below show the desigrkg illuminance of Dubai and
London which lie on latitud@5.27 below and51.51respectively It varies from 9100
to 6500 Lux.
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Design Sky llluminance Calculator Cumulative Frequency Graph

‘ Latitude ‘
| 253 02

~ v

| Calculate ‘ |

Design Sky:
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Design Sky llluminance Calculator Cumulative Frequency Graph

 Latitude ‘
5153

N d

‘ Calculate ‘

Design Sky:
6500 Lux

0 10k 20k 30k 40k Lux (b)

Figure 2.B: Design sky illuminancea) Dubai, b) London (natural frequency.com)

CIBSE-2002Code for Lightingrecommend the daylight factor and illuminance level
for different types of workspacetlnder an standard CIE overcast skyaverage
daylight factor of a room is not less than 5%., then the room is strongly daylit and
does not need electric lighting during daytime. If below 2%, then the room is average
daylit and needs electrical lighting most of the time. It if is betwe8fb62then it is

predominantly daylit but supplementary lighting is necessary

The abovemethod of generalizing the room lighting condition with day light factor is
not very accurate. The internal illuminance calculated with same DF under sunny sky
and overcassky will be much different, imce external illuminance of sunny sky is
much brighter thamhat of anovercast skyKensek& Suk (2011) state thadlaylight

factor mustbe calculated under CIE overcast sky conditoy. In an overcast sky
direct lightis not taken into account. So this DF mentioned in the above paragraph
most usefulonly in places with overcast sky as their primary conditmch as
Londonbut even there eore nuancedalculation might be more appropriago the

light performance ba room has to be assessed with interior illuminance (Lux) and

daylight uniformity rather than Daylight factor.
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CIBSE (2002)ecommends the level olinterior illuminance(Ein) at a fixed point on
the work plane which is measured in Luxor different categories of workspaces
(Table 2. and also fordifferent types taskglrable 2.2).

Table 21: Recommended illuminance level for varying workspaCd#8$E 2002)

Retail Premises:
o [uminance Lim
ATCE .,
Sales area 300
Till area 500
Wrapper table 500 19 80
Residential :
o lluminance Limiting Glare M um colour
e (lux) rating rendering (R,)
Lounge 100-300 19 80
Kitchens 150-300 - 80
Bathrooms 150 - 80
Toilets 100 - 80
Theatres, Concert halls :
A Numinance Limiting Glare M m colo
o s endering (R
Practice rooms, dressing rooms 300 22 80
Foyers 200 - -
Auditoria 100 - -
N II Lim re Min
Alca S
Filing, copying etc. 300 19
ertmg,- typing, reading, data 500 19 80
processing
Technical drawing 750 16 80
CAD work stations 500 19 80
Conference and meeting rooms 500 19 80
Reception desk 300 22 80
Archives 200 25 80
Hotels and Restaurants :
o I a Limiting Glare
e rating
Kitchen 500 22
Restaurant, dining room, ) ) 80
function room.
Self service restaurant 200 22 80
Conference rooms 500 19 80
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Table 22 : Recommended illuminae level for varying tasks. (CIBSE 2002)

Illm(';:;;mce Activity Area
100 Casual seeing Corridors, changing rooms, stores
150 Some perception of detail Loading bays, switch rooms, plant rooms
200 Continuously occupied Foyers, entrance halls, dining rooms
300 Visual tasks moderately easy Libraries, sports halls, lecture theatres.
500 Visual tasks moderately difficult General offices, kitchens, laboratories, retail shops.
750 Visual tasks difficult Drawing offices, meat inspection, chain stores.
1000 Visual tasks very difficult Sle};g?}ail{?i:?ﬁmf electronic assembly, paintwork,
1500 Visual tasks extremely difficult Fine work and inspection, precision assembly.
2000 Visual tasks exceptionally difficult Assembly of minute items, finished fabric inspection.

CIBSE gives recommendations for retail lighting. The retail lighting will include
general lighting, accent lighting and display lighting. The illuminance hikebe in

the range of 5006000 lux depending on shop profile ranging from budget to
exclusive. Forbudget shops théghting illuminance could be&50500 lux while
exclusive shops can have general lighting level can be lower a2QDQux to
highlight the accent lighting. Regardless of the illuminance level, the general lighting
should have arlluminance uniformitymin oraverage) of at least 0.(SLL Lighting
Handbook 2009)

As explained in the beginning of this section daylight factor is not a very accurate
parameter to evaluate good lighting conditi®ome of the parameters to assess the
daylight performance are buildn g 6 s i nternal levell lightimg nanc e

uniformity ratio.

A good lighting design shodlachieve uniform distributionf light throughout the
room. In deeply planned buildings DF tends to higher near the windows@hetate

to poor at the core. SKighting can solve this problem by bringing in daylight into the
core of the buildingAs seen from this discussion, an interior illuminance level of 500
Lux is recommended for a shopping mall. The main purpose of Atsuim bring in
natural day light and hence artificial lighting could be used only when illuminance
level goes belowthis recommended level. Sensors could be placed inside the mall to
cut off artificial lights when the daylight illuminance level goes beysddLux. Day

light performance will be measured in this research by the amount of light energy
required for artificial lighting. Variables such as number of floors, roof profile will

have an impact on the amount of natural light coming inside an atrium.
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2.2.4 Thermal performance

Thermal performance of a building determines itseermal efficiency. The thermal
performance of a buildings its performancewith respect to the energy transfer
between building and its surroundinds$eat transfer is byonduction, convection,
radiation and evaporatiofFig 2.19) This energy transfer or heat flow will be
determined by building properties such as glazing area, profile and material, surface
reflectance, thermal mass, insulation, internal heat s@urce & number of people,
equipment, lighting insidegndventilation and also thambient environmerguch as

humidity, air vebcity, air temperature outsi@ad solar radiation.
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Figure 219 : Heat transfer between liding and external environme(WINRE 2006)

Estimating the thermal performanceith different alternatives for materials and
design will help architects and builders to choose justifiable materials and design. It is
necessary to calculate the thermal performance of a building to create energy efficient

buildings.

For a non air caditioned building, its temperature variation over time is calculated
and the number of uncomfortable period is determinédr a conditioned building,
heating and cooling load is calculated and appropriate HVAC equipment sizing is
done.(MNRE 2006).Someof the other parametershat could bdo assessd thermal
performance ard u i | dannuaenergy consumption, indoor temperatugslar

heat gain and external conduction gain.
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2.3 Key variables akering the efficiency of atrium

From the literaturesurvey it is clear that thesfficiency of atrium and its adjoining
spacesdepends on balancingay lighting and thermal performance. Allowing
sufficient daylight penetration into the atrium well without increasing the thermal load
on the building increases tledficacy of the atrium.The various authors in their peer
reviewed journals have analyzede variables which will alter the efficiency of
atrium. It is noted thate daylight performance of an atrium will depend on various
factors such aswell geometry, orientation, glazing profile, materia] surface
reflectanceand sky condition Thermal peformance of the atrium is determined by
wall thicknessthermal massnsulation type ventilation, internal heat source such as
number of people, equipment, lighting insided also thembient environmerguch

as humidity, air velocity, air temperatusatside and solar radiatiam addition to the

above mentioned variables.

In the following sections, the key variables altering the efficiency of atbased on

the literatures reviewed are discussed.

2.3.1 Roof profile

The roof profile is criticalin an atrium when daylighting performance and thermal
comfort and economy are concerned and many researches have been done with this
variable.Yunus et al. (n.d) observed in their studieg 2.20)that the flatroof has the

highest daylight illumination for both skies condition over pitched, pyramidal and
sawtooth profilesThey also observed that for all roof profiles under overcast sky,
center of atrium received the most illumination and center edge poshRinand

corner received the lowest 50% illumination.

1 centre I ———————————————— Flat

2 corner

3 central edge Pitched

4 4 lower wall

3 _ /\/\/\/\ Pyramidal-
z 5 middle wall Gridded
1 6 higher wall
I\I\I\I\ Saw-tooth

a) b)

Figure 2.D : (a) location of sensor for illuminance measurement (b) Roof profiles
(Yunus et aln.d)
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The research by Navvab & Selkowitz (1984) is still ofiehe most inclusive studies
on the roof structures with varying glazing. (14 options) under different sky
conditions. From the results shown inigare 2.21 it can be seen that Pyramids,
vaults, Aframes allow more interior illumination thaawtooth andmonitor roofs
(Figure 2.22).
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Figure 2.4 : Respective daylight factors for roof profiles
(Navvabé& Selkowitz 1984)
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Basecase=0pen Top No. 6 = Clear
No. 10= Flat, Diffuse

W'm

No. 1 = White Roof 8.A = Clear
No., 2 = Black Roof No., B.B = Diffuse
0. = White Roof = Clear
Ne. 5 = White Roof No. 11 = Diffuse

No, 12 = Clear
No. 13 = Tinted

Figure 2.2 : Roof profile options (Navvab & Selkowitz 1984)
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Laouadi,Atif. & Galasiu (2002) inferred from their studies that Pyramidal or pitched
skylights while compared to flat skylights increased solar heat gain by upto 25% in
summer while compared to flat skylights for enclosed and linear atriums and for three
sidedatrium it was 10%This is because they collected more solar radiation at low
sun altitudes than flat skylight®©epending on the Walue and SHGC ratio of

glazing, the impact ofkylight shape on annual cooling and heating energy may vary.

Researchers ka also inferred that a sidelit model is better than a top lit model in
terms of air temperature and ventilation impantghe tropical climates of Malaysia.
Abdullah & Wang (2012) concluded that the sidelit delivered better thermal and
energy performanceBaharvand et al. (2013greed that the sidelit model is better
with lower temperature 3Q than toplit atrium 36.82C-39°C and toplit model has
high air velocity at outlet and inlet while there is effective air distribution around
corridors in side limodel.

Abdullah & Wang (2012) revealed that inet hot humid climates of Southsia, an

atrium with full natural ventilation is not viable and it resulted in higher temperature

than that of outside air and much above the indoor comfortable temperature.

2.3.2 Glazing

The illumination level is influenced by the transmittance of glazing. Lowering the
transmittance by using diffused or tinted glazing instead of clear glazing lowers the
lighting inside. Navvab & Selkowitz (1984)

Laouadiet al.(2002) haveagreed in their research that solar heat gain ratio for a clear
glass is much higher than other glazing ty(iéigure 2.23)Low SHGC values result

in lower solar heat gains and thus low cooling loads. As compared with base case,
double gray or triple ckr low eglazing reduced cooling peak load ratio by33%o,

double clear lowe by 1720% and triple clear glazing by 1iB% because of their
reducing SHGC values. High U value leads to more heat loss from building and thus
resulted in high heating loadghey also inferred that U value of glazing was more
important than SHGC values in terms of heating peak load. As compared with base
case, double gray glazing (SHGCR = 0:63 and UR = 1:03) increased heating peak
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load by 6% and double clear glazing 3%. Anigle clear glazing decreased heating
peak load by 29% double clear lenby 36% and triple clear lowgazing (SHGCR

= 0:63 and UR = 0:36) by 58%Annual total energy reduced with the UR and
SHGCR. The double gray glazing reduced the annual totalyehgrg335%, and the
triple clear lowe glazing by 40%. They analyzed the impact of glazing on enclosed,
three sided and linear atriums inadada. Solar heat gain ratio, peak cooling and

heating loads, annual heating, cooling and total energy were c¢atttteevaluate the

performance.
14
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Figure 2.3 : Solar heat gain for various glazing systems (Laoetdl.2002)

The glazing industry uses some parameters such as VT, SHGC, L-8&hdJfor

accurate comparison of glazing.

1111111111111111111

VT or T visis thevisible transmittance, ie the percentage of visible light transmitted
through glazing. When Tv is of high value (0.7 to QiB)delivers lots of natural light
inside and good vision, but can also become a source of unwanted glare. When Tv is

less than 0.4, it can become dark and gloomy on cloudy days. (EDR 2000).

SHGC is the Solar heat gain coefficient, ie. ratio of total solar heat ratio of total
transmitted solar heat through a glazing to the incident solar heat. And ranges
betweerD for solid wall and 1 for noglazed opening.
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It is a very useful index which compareghli and visibility of a glazing system to its
solar gain. Typical T vis and SHGC valus for glazing systems are given by ASHRAE
(Table 23)

Table 2.3 : Light transmissioSHGC in percentage given by ASHRAE

(PWGS2002)
Glazing Light Transmission/Solar Heat Gain Coefficient (in percent)
G{szrlnrrf ;Li;m Clear | Blue/Green SSF;T:;?J:: Grey Reflective
Single 89/81 75/62 71/51 43/56 20/29
Double 78/70 67/50 59/39 40/44 18/21
Double, hard low-e + argon 73/65 62/45 55/34 37/39 17/20
Double, soft low-e, + argon 70/37 59/29 53/27 35/24 16/15
Triple 70/61 59/42 593/34 34/40 17/19
Triple, hard low-e + argon 64/56 55/38 52/31 32/36 15/17
Triple, soft low-e, + argon 55/31 52/29 50/27 30/26 14/13

As illustrated in Figure 242 by McCluney (n.d), LSG ratio > 1 means the glass
provides more light than heat. Where heat is a concern, SHGC of low value is used.

Reflective coatings are not preferred for day lighting.
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00 O1Bgn 93 o4 0.6 0.8 1.0

Visible transmittance

Figure 2.2 : VT AND SHGC relationships for glazingM¢Cluney n.d).

U value = measure of heat transfer thro a glazing per degree temperature difference

across windows measured in W/m2K
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Table 24 : Typical U value for Glazing system given by ASHRAE (PWGS 2002).

) Center-of Glass Total Window
Glazing System
U-value (W/(m?K)) U-value (W/(m?K))
Typical Frame | High-Performance Frame

Single 591 6.30 5.90
Double 2.73 3.51 3.03
Double, hard low-e + argon 1.70 2.63 2.19
Double, soft low-e + argon 1.42 2.3%9 1.94
Triple 1.76 2.63 2.27
Triple, hard low-e + argon 1.25 2.19 1.79
Triple, soft low-e + argon 0.80 1.79 1.40

2.33 Number of floors

Day light penetration reduces sharply as it travels from the top to the ground floor.
(Su et al2010) They inferred from their study th&tF of top floors can be improved

by 3050% and for lower floors G,F,S, it could be improved byl100% when
reflectance value of surface (mirror finish =0.95, matt white finish =0.80sdi
reflectance) is increasd#ig 225). Figure 2.5 are the renderednages for various

floors under CIE overcast sky from their study.

16.00%
With a diffuse glazing cover
14.00% T -["= Overcast, mirror, 16/04/2008 |~~~ "~~~ """ 7777771
" | —— Overcast, paint, 15/04/2008
12.00% 4+ . o | e L

—&—  Sunny, mirror, 26/04/2008
Sunny, paint, 17/04/2008

10.00% -
8.00% -
6.00% -

4.00% A

Daylight factor or illuminance ratio

2.00% -
]

0.000/0 T T
Ground 1st 2nd 3rd 4th 5th
Floor

Figure 225: llluminance ratios at different floors(Su et al. 2010).
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Figure 226 : Computer rendered images at different floors (Su et al. 2010).

This is confirmed in the study Byharples & Lash (2004 Figure 227 and also by
Aldawoud (2013)in Figure 228 that the daylight factor degases towards the lower
floors.
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Figure 227 : Vertical daylight factor Vs heightSharplesk Lash 2004)
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Figure 2.8 : Total energy consumption using double clear glass vs no of floors
in 4 climateqAldawoud 2013)

2.34 Geometry

From the literature surveyst is seen that various papers mentiBngeometric
parameters namely, plane aspeaio (PAR), section aspect ratio (SAR) and well
index (WI) to define a proper design geomednd thisis being described even in
1983 inthe bookpublishedby Saxon.

,,,,,,,,,,,,,

Where, W, L, H = width, length and heigloff atrium respectively.

Sharples& Lash(2007 in his reviewof the last 15 years paper in 2007 explahnes

main terms used to describe an atrium and its characteristics such as PAR, SAR, WI,
DF, surface reflectanc®AR is width to length ratio, SAR is height to width ratio and

W] relate to the vertical surface area to the horizontal surface(Brg&..2)
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Figure 229 : Geometry of atrium wel(Sharples Lash2007)

LessWI or SAR valuemeans a shallow atrium and less PAR means linear atria.
PAR between 0.9 anddefine asquare atriavhile 0.4to 0.9 arerectangulaatriaand
below 0.4 are lineaatria It should be notedhat different combinations of PAR and
SAR could be used to gitee same WI. For example/l of 2 can be achieved with

PAR of 1 and an SAR a? or also with PAR of 1/3 and SAR 3(Sharples&Lash
2007).

Du & Sharpleg2012) noted that when PAR decreases (narrower) illuminaweddn

walls especially lower wall improve in comparison to square atrium of same width.

Yi (2009) studies the effect of atrium geometry on day light performance under
overcast sky conditions in August. It is a case study of 2 existing atriums (linear and
enclosed) in Hongkong. They concluded that for enclosed atrium, the DF and SAR or
WI have linearcorrelation while for the linear atrium DF and PAR have a linear
relationship. For a comfortable DF, WI = 1.5 for enclosed atrium and PAR = 0.5 for

the linear atrium is the recommended geometric factor.

It was concluded from the researiof Aldawoud 2013) a linear atrium(model 4)

with more L:W aspect ratio had a much higher energy consumption than a square
shaped one (mod4) in all climatic conditiongFig 2.30).As a low rised buildingit

is more energy efficienh cold and temperate climatesdaas high rise building it is

more efficient in hot dry and hot humid climates for all glazing types.
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Model (1): The ratio of length Model (2): The ratio of length
to widthis 1:1 towidthis 1 %x 0.8
Model (3): The ratio of length to Model (4): The ratio of length
widthis13x06 towidthis 2% x 04 (a)
Total Energy Consumption Compared to Model (1) at Twenty Floors
Using Single Clear Glass with 30% Glazing Ratio

s 5558583

Temperate Qimate Hot-Dry Climate Hot-Humid Climate Cold dimate
Climatic Region
(b)

Figure 230: (a) 4 modelgach with 20 floors ht anearying L:W ratioand
(b) simulation results showirtgeir energy consumption for 4 climates
(Aldawoud2013)

235 Surface Reflectance

Surface reflectance of a material is defined as the percentage of light that is reflected
back from a surface. Since an atrium is made up of many surfaces, so an area
weighted reflectance is considered which is calculated by multiplyingctafiee

value of each material with its area and then dividing the value by total area.
(Sharples Lash2007).
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Even though, the amount of daylight entering the atrium is determined mainly by the
glazinggs transmittance, the distribution of
spaces is determined by the surface reflectance properties. Specifically in a deep
atrium, surface reflectance values play a major role in the provision of adequate
daylight lewls. (Saman& Medjdoub2006).

This is confirmed in the study byavvab and Selkowitz in 1984here he recorded a
drop in illuminance on a vertical surface withweringreflectivity (high 0.86 ; modest
0.5; low 0.015)

Another study under 2 differesky conditions- overcast and sunny sky Su et al.
(2010), also confirms that mcreasingthe reflectance value of surface (mirror finish
=0.95 ; matt white finish =0.80) increases the DF. It is 1@®frovement for lower
floors G,F,S an@0i 50%for the bp floors.

Sharplest. Lash (2004) also agree with the above in their study that the entirely white

model had more DF value than the entirely black moBaltherthey notethat,

refl ectance distributionds effect on the |c
vertical DF and IRC values but higher up the well it large differences were observed

by in their study. It was found that the When the upper half of atrium model wa

painted white (high reflectance value) it recorded the highest DF and IRC Vhkie.

results show that as the when top half black and bottom half white is interchanged

with top white and bottom black, the daylight factor behavior varies.

Table 25 : Reflectance values used IBharples. Lash (Sharple& Lash 2004)

Model No. Atrium Configuration Area-weighted average reflectance R
1 All surfaces painted black R =0.02
2a 1/2 black at the top R=0.29
2b 1/2 white at the top R=10.29
3a 1/4 black on top R=0.29
3b 1/4 white on top R=0.29
4a 1/6 black on top R=0.29
4b 1/6 white on top R=0.29
Sa 1/8 black on top R =0.29
5b 1/8 white on top R=0.29
6 All walls painted white R =057

Du & Sharples 2012) again confirnthat daylight level on the wall of atrium increases

proportionately as reflectance value of surface increase. Further it was insubstantial at
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higher floors. Difference between DF of long and short sides in a rectangular atrium
could be reduced by increag the reflectance value. They researched on the
geometry and surface reflectance value on vertical DF on a rectangular atrium under
CIE standard overcast skylluminating Engineering Society of North America,

IESNA recommends the surface reflectaree# Table & for optimal daylighting.

Table 26 : Surface reflectance recommended by IESNA (PWGS 2002)

Surface Reflectance (%)
ceiling 80

wall 50-70
floor 20-40
furniture 25-45

2.3.6 Sky condition

Sky condition and orientation has a great impact on the day light level inside atrium.
llluminance level inside an atriurfor a sunny sky is much higher than that of
overcast skyFig 2.31) (Yunus et al. n.dSu et al. 2010Navvab & Selkowitz 1984).

The light well performance on 2 different sky conditienevercast and sunny sky
with 2 different surface finishesmattwhite paint and mirrefinish was studied by Su

et al. (2010).
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Figure 231: llluminance level under real sky conditions for flat r¢éfinus ¢ al. rd)
a) overcast dayb) sunny day
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On an overcast day, the illuminance level is more constant than on a sunriyraiey.
overcast sky condition, south and west facing skylights were exposed to the highest
DF. In contrast, under sunny day, north and west facing skylights received the highest
DF ratiofor the 4 roof profiles testeds seen inigure 2.32(Yunus et al. nd They
also noted that north and west facing atrium surface has to be taken care of under

overcast skies since the illuminance decreased considerably.
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Figure 232: Daylightratio vs orientation for 4 roof profilg¥unus et al. d)
a) overcast dayb) sunny day

Navvab & Selkowitz (198) observed that not only thabrizontal illuminance is

greater for a clear sky but it alslepends on the solar altitu@fégure 233)
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Figure 233: llluminace Vs solar altitude for clear and overcast sky
(Navvab & Selkowitz 1984)
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Kensek & Suk (2011)raalyzes 2 sky conditions CIE sunny sky (less than 30%clouds)

and CIE overcast sky (100%clouds)astates that performance of a building varies

under different sky conditions. So the real sky condition of the place has to be used
whil e assessing the buildingds performance

2.3.7 Summary

It was noted in the literature study that the researchersdmnetheir studies with a

few selected parameterdtif (1992) had chosen heighf2 values), length

(2 dimensios), reflectance value of walByalues), solid walld total wall ratio

(2 values) as the variables to be tested. They were tested by keeping one value as a
variable and the others constant. This was repeated for all the variabMasAK

Abu Hijleh (2012) had chosen the number ffofrs, type of glazing, wall thickness

and insulation type and insulation thickness as the variables to be tested. Aldawoud
(2013) had selected height, glazing type (4 types), geometry of atrium (4 dimensions)
and climate zones (4 climate zones) as thi@lkes to be tested.

Based on the study of published papers, it is clear that testing all parameters with
different variables will go beyond the scope of one research paper. It is essential to
finalize the scope of this research by deciding on the pateamto bdested in this

research.

It is also noted that no significant research is done in an atrium located in a hot arid
place like Dubai, although there are a few papers conducted in hot humid climate of
Malaysia.
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Chapter 3: Research methodology

From the previous papers studied, it was noted that the authors have used various
methods, namely, Physical scale model, Field measurement, Computer modeling and
simulation. Below the details of hogach methodology can be applied to the research

is discussed.
3.1 Physical scale model

Samant& Medjdoub (2006haveused physical scale modstudy for their research.

Six Physical moded constructed to a scale of 1:10The wall surface insid®r each
model waspainted inblack or white or in bands of black and white represensing
values ofreflectance of the paint finish used in the wabthr white surface, 2 coats of
white matt of reflectance value 0.85 was used. For black surface, a ispgciaier
base coat and topcoat of velvet finish of low reflectance value of 0.02 was Tised.
model was placed inside an artificial sky created in a mirror lined box wherein the
luminance distribution of the CIE overcast sky was reproduced. Illluminance
measurements were taken with a calibrated hoeter with photopic and cosine
correction.Measurements re taken at predetermined pdicenter of well, corner of
well and mid edge position of wellhe measurements were repeated 4 times for each
point ard average value was recordddhe obtainedresults were analyzetd identify

the impact of reflectance value on the illumination level.

Another paper by Atifet al (1992) also uses physical scale model study for their
research. Here a physical modetated in th scale of half inch to one foot and kept
inside a sky simulator at Texas A&M universiBeams, columns, floor finish were

also recreated in the mod#lumination measured with lllumgtion Data Acquisition
System (IDAS) which consists ofcamputer, Serial Analog Module (SAM), and eight
sensorsThe illumination measurements were taken 110 times, each time altering a
variable.The sky simulator was set for clear sky and measurements were taken. Then
it was repeated with sky simulator set tmmpletely overcast sky (CIE )This paper
analyzes the effect of reflectance value of walls and shape of atrium rdefydight

factor.

Du & Sharpleg2012)usephysical scale model itmeir study to investigate the impact
of well geometry and surface reflectance on daylight factors. Three scale models were
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created and tested under artificial sky simulator replicating the luminance distribution
of CIE standard overcast sky. The illuminatioreasurements were taken with
Minolta LS-110 luminance meter. But the models had variable wall reflectances 0.02
(black),0.44 (grey) and 0.85 (white).

Yunus et al (nd) used pysical scale mode{Fig 3.1) equipped with six newly
calibrated illuminanceensorsattached tondependent data logger (ddataker DT80)

for all internal measurementé& data logger, connected to a portable computer,
recorded thellumination level of each sensor using a computer program called
DelLogger5. Extech llluminance Met@iD450) with builtin memorywas also used.
EKO Lux meter (ML0O200) for outdoor illuminance monitoring under real sky

conditions.

Figure3.1 :Physical scale model experimdhiunus et al. n.d)

From the above literature studies, it is clear that physical scale model approach
requires specificalibratedinstrumentssuch as Illumination Data Acquisition System
(IDAS) or calibrated lux meteor Minolta LS110 luminance meteor Extech
llluminance Meter or EKO Luxneterfor measuring illuminatiorand sky simulators

to replicate the sky conditionand data logger etdt also requires materials for
constructing the model and paint finishes of known reflectance values. Further it
requires manpower to construct thedaband to conduct the researchieh will be a

laborious process.

3.2 Field measurement

Yi (2009) studies the effect of atrium geometry on day light performance. Field
measurements taken under overcast sky conditions in August. The illuminance was

measured at fixed points and corresponding day light factor calculated by dividing
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internal illuminance by the external illuminance. The variables in this study are the
height and length of atrium well. The measurement instruments usetiagmer Lux
meters, Model EX, (2nos) which is a precise instrument for measuring illuminance
over a range of 0.0200 000 lux, both in the field as well as in the laboratdhe

experiments were carried out in 2 atriums (linear and enclosed) in Hongkong.

Laouadiet al.(1998) used fiel measurement in their study an pyramidal sky lit
atrium in Ottawa, Canad# was taken at 2 times of the year, one in June (summer)
and one in December (winter). Indoor temperature was recorded with three
thermocouple trees hung from an | beam ind@gtveim and outdoor temperature with
shielded thermocoupléndoor solar radiation measured with five radiometers hung in
the | beam and outdoaolar radiation measured from a weather station fixed on the
roof top It also recorded the RH value, wind spesul wind directionThis paper
compareshe field measurement studyttee simulation study.

Field measurement approach is followed by Abdullah.€28D9) also in histudy of

an atrium of a guesthouse located in China representing hot, humid climate.
Measuremenis donefor 10 consecutive days representing both clear sky as well as
overcast sky.Variables such as thermal comfort indices PPD, PM¥e measured

with portable B&K Thermal Comfort Meter Type 121Wet bulb and dry bulb
thermocouples weresed to measure temperatures both indoor and outdoor and the
thermocouples were connected to a data logger which recorded the temperature every
20 minutes. There were thermocouples placed at 9 points inside buattingt one

point outside the buildingThermo point Infrared System was used to calculate
average internal surface temperatures of the floors, walls, ceilings and roof glazing on
each floor and thermal Radiometer was used for measuring radiation intensity of the
internal surfaces exposed to solar atidh. The recorded data represgttie indoor
conditionsof atrium. Tests were repeatedernal blindsand withwater spray on the

gl azed atextermahsuriaceThic paper studies the effect of two low cost
measures internal solar blinds anéxternal water spray on the indoor thermal

environment of atrium.

Field measurements require specialized instruments to record accurate measurements.
This can be seen in the above 3 studibeh adapts field measurement approddte

researchers have usadnumber of instruments such ldagner Luxmeters, Model
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E2X, portable B&K Thermal Comfort Meter Type 1212, thermocouples, data logger,

thermo point Infrared System,eimal Radiometer etc.

3.3  Computer Modeling and Simulation

Many researchers have used Simulation research. According to&sveatg (2002),
simulation research involves controlled replications of the real world context for the
purpose of studying dynamic interaction within that settig. (2009) uses
ECOTECT andRADIANCE simulationto assess the relationship between daylighting
performance andepmetric parameters. Simulatia@one withvariable geometries
Ecotect program was used as an operating platform and model cseated€otect

has a convenig¢rdrawing and parameter setting platform. Then the model is opened in
Radiance and illuminancealculated. 800 mm above the floor is considered as the
working plane and the analysis grids are placed at this [€fel.illumination level

and Daylight factoare calculated in the simulation program.

Du & Sharples(2012) created virtual mode in CAD tool and transferrethto
Radiance for simulation®Radiance was used to assessithpact of geometry and
reflectance valugariationson vertical daylight factor on theirtual modelrectangular
atrium. It was tested unde€CIE standardovercast sky conditiorand at different
vertical planes. lllumination level at different SAR, PAR, WI levels are tested. Results
analyzed with regression aysis Aldawoud (2013) tested the influence of atrium
geometry on thermal performance with DQHEE software program. 4 virtual models

of varying L:W ratios created. 4 varying glazing types, 3 varying glazing ratios, 2
varying heights were tested, eachden 4 different climatic zones. Energy

consumption for different combinations of the variables were recorded and analyzed

Al-Masri & Abu-Hijleh (2012) analge the thermal performance of a courtyard against
thermal, solar shading and daylight parameters/ariables such as type of glazing,
thickness of wall, insulation material anddte using (IESVE) an integrated building
performance analysis platform. The authors have chosen this software for its analysis
options,accuracy.Then a comparative study done for conventional and courtyard

model for optimal energy consumption.
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Other simulation programs such as EHSProgram by (Laouadi et.al998), Energy
Plus by (Pan et al, 2010) are also used by other researEhens.the literature
review done it was noted that authors deciding to do research with computer
modeling and simulation have gone in for different softwares depending on the

availability, knowledge to use the software, capability of the software.

3.4  Selection and Justification of an appropriatemethod

Literature review identified the different methodologies used by other researchers for
investigating a similar topiclustification for choosing a methodology over othiers
discussed in this sectioRhysical scale modedpproach requires specific calibrated
instruments such as Illumination Data Acquisition System (IDAS) or calibrated lux
meter or Minolta LS-110 luminance metefor measuring illumination andky
simulators to replicate the sky conditsrit also requires materials for constructing
the model and paint finishes of known reflectance values. Acquiring these instruments
will be difficult. Further it requires budget and manpower to construct the model and
to conduct the research. The wholeqass seems to be time consuming and more

laborious.

On the other hand, field measurements also regpieeialized instruments to record
accurate measurements. The researchers have used a number of instruments such as
Hagner Lux meters, Model ER, portable B&K Thermal Comfort Meter Type 1212,
thermocouples, data logger, thermo point Infrared System, thermal Radiometer etc.
Further it requires repeated site visits and permission from the building management

to conduct field measurements during tharse of their working hours.

While field measurement approach and the physical scale model approach requires a
lot of resources such as instruments, time, human resource in addition to permission
from authorities, Smulation research creates a virtual wiorwherein real life
parameters can be recreated virtually and its effect on the environment studied by
varying these parametegsven the materials for wall, floor, roof, glazing etc could be
integrated into the virtual model by applying parameters fot thaterial. The
variables could be easily altered in a simulation and it is less time consumingsand

effective. By calculating the energy consumption and daylight factor with variables
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such as geometry, orientation and materials, the optimal pararfaters efficient
atrium could be identified easilydowever, the limitation with this method is the
technical expertise needed to work with the software. But this limitation can be
overcome by attending training workshops and online tutorials.

Based orthe above discussions, computer simulation is identified as the best feasible
methodology to investigate on this research questibrwas noted that in the
published papers, software chosen for researching with simulation methodology by
the authors variedFor simulating the daylighting and building energy performance
DOE-2.1E software program was used by (Aldaw@dd3) & (Pedriniet al. 2002),

ESRr program by (Laouadi et .all998), EnergyPlus by (Pan et. &010) .
ECOTECT and Radiance bySamant& Medjdoub 2006) & Yi (2009) IES-VE
program by(Al-Masri & Abu-Hijleh 2012) and RADIANCE program byDU &
Sharple012).

The availabilityof the simulation software amurofessional training needed to use the
program will be the criteria for choosing thgarticular program. Since IE$E
(Integrated Environmental Solutiongirtual Environment) fulfills the above criteria,

it is chosen for the proposed research. It is user friendly and internationally accepted
as one of the leading simulation tools anddusemmercially worldwide. It consists of

a group of integrated analys®ols, which can investigate the energy performance of a
building U.S. DOE2011).

35 Research Plan

Based on the literature review a reseaptdn is developedor this researchThe
methodology found most appropriate to tackle the guestiatecsdedand details
worked out bearing in mind the practicality of conducting the researbke. research

plan involves the following steps.

1. An existing atrium in Dubai will be selected as a base case and the existing
parameters for the different variables are studied with existing drawings and site
measurementsThe availability of drawings and assistance from the building

management will behe criteria for choosing the atrium. The actual materials used at

site will be observed and noted.
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2. In the next step, the various parametevariables that influencer increasehe
daylight performance and thermal performance of the building aréfiddrfrom the
literature reviewand the variables to be tested are establisResin the literature
survey done for this search Glazing profile, Number of floors,LSG ratioof the
glazing systenand Sky condition are identified as factors tid#tuence the amount of
daylight coming inside an atriuandimpact theenergy consumption of the atrium
Further U value ofenvelopeand Roof ventilation are also taken as factors that
influencesthe thermal performancef atrium These variables are tak for further
researchThe test matrixshown in Table3.1 indicakes the variables that would be
testedand the range of values tested for each varidlile.exsting values as on site

taken as the base case value.

Table3.1: Test Matrix of tested variables

[ o Number LSG ratio of U value of
|| MBI Glazing profile of glazing ** envelope *** (W/m?K)
3 | (% openable area)*
> floors | External  Internal Wall Roof
Closed # vault glazed # 2# 0.95 0.48 # 0.3074 0.1839
10% Flat glazed 4 1.24 # 0.95 0.5603 0.2908
20% Closed roof 8 1.34 0.96 0.5771 0.2951
30% North light L20 1.35 1.13 0.8120 0.5294
(%]
;_% 40% North light L40 1.55 1.0115 0.6101
>
50% North light L40SL 2.3969 # 1.5647 #
60% North light D
80% North Ilght & flat
combined
100%
Footnotes :

# The existing values as on site and is taken as the base case value.

* refers to Roof openable area of atrighazingfor ventilation in percentage. i$
connected t@ sensor and opens automatically when outdboratic conditions are
favorable. i.e, outdoortemperature falls belo®2°C and relative air humidity is less
than 90%. Roof ventilation variable is tested with varying percentages of roof opening

area.
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** refers toLSG ratio = LT/SHGC , which is ratio of visible transmittance of light
(LT) to solar heat gain ceefficient (SHGC).It measures efficiency of different glass
types in transmitting ddight while blocking heat gain (DOE n.dfrom the literatue
review it is seen that, iLSG value is less .@.,< 1) then the glass transmits more heat
than light. LSG ratio of external glazing (atrium roof and external windows) and

internal glazing is tested separately.

*** refers toU value which is defined asthe rate at which thermal energy is
conducted through unit area, per kelvin temperatifferdnce between its two sides
and its unit is W m?K (SEAI 2014). Itmeasures the efficiency of a material in terms
of its heat transmittancand could be varieckither by altering the thickness or the
material typeFrom the literature review it is seen thatvlU value indicates that the

material is a good insulatdd. value of external wall and roof is tested separately.

From the data aviable online in weathspark it can be seen that tf8ky condition
of Dubai is mostly clearwith average cloud cover ranges fr@% (clear)
to 25% (mostly clear). The cloudiest @as January 14nd clearest iune 1. Since
the sky condition of Dubai is mostly cleas seenn the climatic datathe variables

will be tested under standard CIE Clear sky condition

3. Construction of virtual model in the software : A virtual model will be created
with the real dimensions and existing parameters at site and the details of actual
materials given as the input data. The weather data file ( EPW) for United Arab
Emirates wil be loaded. The IES simulation program will be run to calculate the
performance of the building in terms of the energy consump@anbon emission,
Cooling sensible load, Dehumidification latent IGad lights energyrhis is the base

case.

4. Next st involvesaltering one variable at a time, keeping all other variables
constant as shown in the test matsinulating the model in IES software to find the
thermal and daylight performance and the findings are recorded for each case.

5. In this data aalysis stage, the results are analyzeih to find the best
parametdialue for each variable which gives the snefficient energy consumption

and the reason for increase or decrease in its performance.
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6. The next step involvesodellingthe optimal case wheithe best parameter for
each variable is applied to the IES model and simulating the model and recording its

performance.

7. In this final research analysis stage, thermal and daylight performance for the
base case which is the-@mssite case is compared to the optimal case which has the
best parameter for each variable. Thduction inenergy consumptiorgooling load,
dehumidification loadcarbon emissiorand light energythat could be achieved by
applying the optimal case isiglied and optimal values for variables to be applied in
design of Atriums is established.

36 Resource Requirement

Any research plan can develop into a successful research, only when there are
appropriate resources and good management of the resuititiesa stipulated time.
The following are identified as the requirements for this research.

Computer with IESVE software package
EPW file for United Arab Emirates
Drawings and details of the selected atrium in Dubai

Permission from building managemeantake measurements and photographs

= =/ =4 A

This simulation research does not need much human resources. Initially an
additional personb6bs help may be necessa
and photographs. However, it needs expertise to use the softwairengvia

online tutorials or otherwist® familiarize with the simulation program will be

necessary.

3.6.1 |ES-VE software validation

From the literature reviewES<Virtual Environment >by Integrated Environmental
Solutionsis chosen as the software to be used for this researghaitintegrated
building performanceanalysis package software which is explicitly designed for
sustainable analysisThe package containseveral modules namely, ModellT,
SunCast, ApacheSim, FlsloL, RadianceFlusPro, LightProMacroFlo, MicroFlo,
Apache HVACandVistawithin.
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ModellT is a model building module which creates 3D virtual mo8elar analysis is

done with SunCast modul e. Simul ations to &
using ApacheSimmodule Lighting analysis is done using FlucsDL, Radiance,

FlusPro or LightPro modules. Ventilation analysis is done with MacroFlo or MicroFlo

modules Apache HVACmoduleis used for HVAC system modelling and advanced

energy simulations. FingllVista modué is used for results analysa&d to create

necessary data amggaphs

Any simulation tool will not give precise results. But through comparison of similar
simulation tools, IESVE> has been evaluated as one of the best simulation tools and
validated by many researchekeng et al(2012) in their studgonducted in Malaysia
compare it with field measurements and concluded that it is a valid software for
thermal simulation with leasdliscrepancy percentage of results ranging from 0 to
15%. Nikpour et al. (2013) in their study of an office room in Malaysia concluded
validity of the IES tool comparing it with field measurements with a difference of not

more than 10% to field results.

Yassin Hamza& Zaffagnini (n.d). in their study of a residential building in Egypt
conclude that IES<VE> is a reliable tool with an acceptable percentage difference of
6% Iin results between simulation and field measurement and could be used for
building performance calculations in hot arid climatémhafdy et al. (2013) in their
study of courtyard design in Malaysia infer that the difference between field
measurements and simulation is about 6% and well within an acceptable accuracy
margin. Thus the usef IES<VE> as simulation tool to be used for this research is
validated.

3.6.2 Climatic data

Dubaiis one of the seven emirates comprising United Arab Emirates and is located on
the south eastern coast of Arabia@ulf (Fig 3.2) It lies on latitude25.2% N and
longitude 55.33E and at a time zone of + 4.00 hours GMTis a tropical desert and

has a hot arid climat&ummer is extremely hand dryand winter is extremely cold.
From the datgharts given belowpllowing could be analyzed.
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Figure 32: Location map of DubgRTWU 2010

July and August are the hottest months with mean high temperature reachih@ 44.2
and JanuargndFebuay are the coldest morghvith mean low temperature reaching
19.5°C. Figure 3.3 shows that the minimum temperature react&sfér few days in
winter (IES-VE). Wind & weather statisticef Dubai Airport reveals that thevind
strength varies from 20 knots.Strong winds can bring lots of sand and dust and
turn into a sand stornfigure 3.4 shows that thérevailing wind direction isNorth
West.
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Figure3.3: Dry bulb temperature IES-VE )
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Figure3.4: Wind data (Wind & weather statistics Dubaiirport )

Table 32 shows that the Hecipitation value is too low and average monthly value is
only 7 mm. The coastal regions haveragh humidty with dew and fog at nighgnd
early morning but, theinland isvery dry most of theyear.Average relatre humidity
minimum value is 3% and it is minimum during months of April to October
Average relative humidity maximum value is 81% and it is maximum during months
of September to marcandalso June\WWorld climate).IES weather data shows that

outside reléive air humidity is above 90% for 546 hours.

Table3.2 : Mean Humidityand Precipitatiowalue for 12 months
(World climate2010

0615 Fzdfil el mm|11.3(35.7|22.4] 7.6/ 0.7| 0.0 0 0| 0.0 0| 1.8(14.3 7.82
Mean Monthly Value

1101 Hathe Sl %|65.0|65.0(63.0(55.0/53.0| 58.0| 56.0| 57.0| 60.0(60.0(61.0|64.0| 59.75
Mean Value

1109 Relatlve_Hum|d|_ty %(83.0(85.0(84.0(79.0/76.0| 82.0| 79.0| 78.0| 84.0(84.0(82.0(84.0| 81.67
Mean Daily Maximum Value

110 | %(44.0(23.0(40.0(32.0 29.0| 32.0| 32.0| 34.0| 31.0(34.0(38.0|44.0| 36.08
Mean Daily Minimum Value

Sun chart demonstrates the position of the sun at any time of the day alaadgéar
Figure 35, it shows the sun path during the Solstice ddyse 21 and December 21
and during Equinox dayis March 21 and September Daylight chart in Figure3.6
shows that throughout the year there is good dayligbuiai
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Location: Dubai Intl Airpart
Latitude: 25.25° M
Longitude: 55.33° E [Local Time Meridian: B0.00° E) Warth
Sun Paths Shown;
— June 21
— March 21
— September 21
— December 21
Wwest 2707 East
Fig 3.5: SunChart( IES- VE)
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Fig 3.6 : Day light Chart ( Wrld climate 201D

Sky condition ofDubai is mostly cleaas can be seen from the datailaide online
in weatherspark (g 3.7) and theaverage cloud cover ranges fr@¥ (clear)

to 25% (mostly clear).The cloud cover is maximum during March and minimum
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during Juneand te cloudiest days January 14nd clearest iSune 1.Since the sky
condition of Dubai is mostly clear, the variablegl be tested under standard CIE

Clear sky condition.

Median Cloud Cover

cloudier clearer cloudier
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30%| a4
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25% pmton ]
20% \ /
Apr 15 Nov 22
15% 13% 13%
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m
M
o
[
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Figure3.7: Annual cloud cover graph (weatherspark)

From the above climatic data analysisDubai it is seenthat the high outdoor air
temperature andnostly clearcloud coverincreases theolar exposuref buildings

and this direct solar radiation impactsuildings andincreases heat gain, thus
increasing the energy consumption of buildings. Avoiding this heat gain and thus
reducing thecooling load while utilizing the daylight to reduce artificial lighting will

be the main consideration to be taken care of while desidniiidings in hot arid

climate.
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Chapter 4

Computer Modeling, Simulation and ResultsAnalysis
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4.1 Base caseomputer modeling and Simulation

Times Squee Mall located in Sheik Zayed roasith easy access from Dubai and
Abudhabiis selected for analysis for this studihis G+1 mall constructed in June

2007 has a buikup floor area 085413.45 rand a total volume of 202604.36°.

This mallis a community and family oriented center and has an unique shopping
ambience with an atrium of size 30 m x 26 m in the center of the buiMthgylazed
skylight coveing an area of 780 mThis atrium not only provides light inside but

acts as a social gathering place around which a lot of activities for kids, art workshops,
handicraft exhibition cum sale, food and craft markets are planned on weekends and
holidays. Afood court planned around the atrium on one side on the first floor serves
an intercontinental cuisine offering. It also has entertainment centers such as Chillout
ice lounge and Adventure zone which attract a lot of families. There are brand outlets
for electronics, toys, sports, music, car accessories etc and also lots of other shops. In
short, this isone of the most popular famibrientedmall which focusses on its atrium

area and hence it is selected for this study.

Initially, site visits were madéo take photographs and to note down the materials
The working profile of the mall and the drawings were obtained from time square
center mall managemenkigures4.1 and 4.2 illustrate the secti@amd floor plan
drawings The building is divided into @ zones totally and usintpe model builder
ModellT in IES VE softwarethe model wawirtually built. Ground floor is divided
into 10 zones namely, Zone Atriurantrance lobby, area adjoining atrium, zong 8
the kiosks in the adjoining area, zone 4,818 71 the 4 showroom areas around
adjoining areazone corridorand zone 9the back side store/office arddrst floor is
divided into 6 zones namely, adjoining area, zone 1,2t% showroom area arodin
adjoining area and 2 corridor zones on left aight. The schematic drawing showing
the zones is illustrated in Figure 4Bne weather data for Dubai was incorporated
using the weather data base manager and the building model was totat# to
replicate the orientation of the existing Timesagumall. Next using the construction
data base in the Building template manager, a material tem(plafe44) for the
existing materials used in site was creatéigure 45 shows the images of Times

Square mallfrom virtual model in IESVE and ason site photograps.
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Figure4.3 : Schematic drawing of Floor plans showing the Zones
Constructions
Template Select construction
et
times squre mall Intemal Ceiing/Foor  Intemal Ceiling,/Floor v
Extemal Wall concrete+plaster -
Intemal Partition 13mm plasterboard on 50°100mm studs at 400 centres -
Ground/Exposed Foor  |ground floor -
Roof Light 10+air+10mm -
Edemal Window 10 mm single panes with Smm cavity -

Intermal Window

Door

Intemal Window 6mm clear

al door

Figure 44 : Construction template for Base cdHeS-VE Acdb)

Times square center mall timings are 10 am to 10pm on week days ard fi®

12 pm on weekends. Hence different profiles for week days and week ends were
created forair conditioning, lights, people and dimmer in APa®described below.
Normally in the malls across UAE, the -a@mnditioner is not switched off after the

mall timings, since the materials inside showrooms will be affected by a drastic
change in temperature and there may be people working on maintenance in the night
time. Hence theafter working hours profile iggiven as 50% forair-conditioner

(Fig 4.6) and25%for lights (Fig 4.7). People profile Fig 4.8) is given as 0.1% of the

mall working time profile which accounts for the fgxoplein maintenance works

and for security after the mall working times.
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Figure 4.5 : Imagesf Times Square Mall,Dubai from virtual model in F&
and as on site photograghs

a) birds eye view of Times square mallrtual model ; b) view from entrance;
c,d) view from South West side; evipw of atrium fromfirst floor ;
g) view of drium facing sharaf DG showrognh) interiorview from entrance lobby
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A thermal template for the base case was created in the Building template manager
using all these above profiles. The other facttaken into consideration while
creating this thermal template are humidity, internal gain and air infiltradiomidity
percentage is controlled at 30 to 7&#ce humidity outside this range will lead to
thermal discomfortAirchange per hour (ACH) fanfiltration is by defaultd.25ach in

IES software and this is maintained as it ior the internal gain, two factorslights

and people are considered. From the ASHRAE standards the heat gain in a
conditioned mall for people is taken as maximum sensible gain of 75\Affoh
maximum latent gain of 55W/nwith an occupancygensity of 10m? /personin a mall

and heat gain fronlights is 15W/m2 (ASHRAE 2007). AppendixA shows the
ASHRAE standardsThis Thermal and Material template was incorporated into the

model using Apache. Thermal analysis for this base case is done in ApacheSim.

Any research on atrium is not effective with@agnsorssince he main purpose of
atrium is to bring in sunlight and reduce the lighting energy. If there are no sensors
installed lighting energy will not change and the study will not be complete. Hence for
this study, the lights are controlled by indtag sensors in the atrium and adjoining
spaces in the building model that controls the light when the illumination by daylight
reaches 500 lux. Using IE®E Radiancemodule, Sensors are placed in the atrium
and the adjoining spaces in the GF and e 4.1). Thermal analysis is done again

for this basecase with sensommgsthe radiance link in ApacBém. Simulation results
obtained in IESVista showing the monthly breakup of energy consumption, cooling
load, dehumidification load, carbon emission diggthts energy for the 2 cases is

shown in AppendixC.

Table 4.1 Sensor settingdES-VE Radiance)

Foom SensorlD |P03iti0n |Diredi0n |On,"0ff
[2M000001] zone 8 of ZN000001:1 -104.867. -48.000, 5228 0.00,0.00,-1.00 o]}
[2M000015) Zone adjoin gf ZM000015: -104.775, -100.000, 5228 0.00, 0.00,-1.00 O
[ZM000000]) Zone Attium ZN000000:1 -104500, -79.384, 10675 0.00,0.00,-1.00 o}
]
]

[ZM000006] Zone adjoin ff ZN000006:1 -102.000, -98.000, 10675 0.00, 0.00.-1.00 ON
[£M000007) Zone lobhy ZM000007:1 -104500, -134.724, 10675 0.00,0.00,-1.00 ON

4.2 Energy Calculations in IESVE

Before getting into the data analysis stage, it is necessary to understand how the final

energy consumption isalculated by the IESE Vista module. Hence a study of
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breakup of total energy consumption as given in IES VE Vista Tutorial, verseon 8
undertaken and iteveals that the total energy consumption is the sum of system
energy, lights energy and equipmentergy. The detailed breakup is illustrated in
Figure 49. It can be seen that Cooling plant sensible load is sum of internal gain,
external conduction gain, solar gain, internal conduction gain and infiltration gain.
The sum of cooling plant sensible tband dehumidification latent load is the total
load on chillers which when divided by the cooling delivery efficiency of the system
(i.e.,1.08) gives the Chiller load. When that is divided by Chiller seasonal efficiency
(i.e., 2.5) gives the chiller engy. The sum of chiller energy and fan/pump energy
gives the system energy. This system energy together with light and equipment energy
gives the total energy consumption of the building. AnneRBurdustrates how the
total energy consumption is arriveat fone of thecases testedamely, flat glazed roof
beginning from the summation of cooling plant sensible loadtoupotal energy

consumption.

Total energy consumption

Lights Equipment

System energy energy energy

Fanpump

Chillers energy Energy

) divided by chiller
Chillers load seasonal
efficiency(ie,1.08)

divided by cooling delivery efficiency of the

Total load on chillerg system(ie,2.5)

Room cooling plansensible load| Room dehumidification latent load

Internal Ext.conduction| Int. condiction . Infiltration
) ) . Solar gain :
gain gain gain gain

Lighting gain | People gain| Equipment gain

Figure 49 : Breakup of total energy consumptipiES n.d )
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From the study of energy calculations in IES, the following point are noted to be kept

in mind during thaedata analysistageof this research

1 The overall performance of Atriushouldbe judged by total energy consumption.

1 It can be noted that the total energy consumption is always a lesser value than the
cooling load(Table 4.2),since the sum of cooling and dehumidification load is
converted into chiller load by dividing it bgooling delivery efficiency of the
system(ie.,2.5) and ths chiller load isdivided by chiller seasonal efficiency
(ie.,1.08)to get the chiller energy and then system energy.

1 In some cases we find that the cooling load is lesser, but when added with light
energy, the final energy consumption wikdmme high and vice versa. This is
due to the fact thahe total energy consumptios summation okystem energy,
light energy and equipment enerdy some case due to lesser light penetration,
the cooling load and hence system energy is less, but dighitgy required
becomes higher. Finally when they are added up, the total energy consumption
becomes high. (eg. variallenumber of floors ). Hence there is always a balance
between light energy and system energy.

1 It can also be noted from simulation results, ttegt percentage reduction of
energy consumption (MWh) and Carbon emission (kgG®2jlways the same
(Table 4.2).This is due to the fact thatadon emission is deduced from the
energy consumption value IES. An analysis of simulation results shows that a
conversion factor of 519 is used to convert energy consumption in MWh to
carbon emission in kgCo2 (Tabde?). i.e.,IES calculates that MWh of energy
consumed will produce carbon emission of 519 kgCo2

Table 4.2 Carbon emission deduced from energy consumption

Number of floors 2 4 8
Total energy consumption (MWh) 7406.8 14036.37 | 27354.65

Multiplied by conversion factor 519
Carbon emission (kgCO2) 3844127 7284877 | 14197053

1 Thermal performanceavill be highlighted by the analysis of cooling load and
dehumidification load. If further analysis of sensible cooling load is necessary,

then the Internal gain, External conduction gain, Solar gain, Infiltration gain,
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Internal conduction gain are studiednd if further analysis of latent
dehumidfication load is necessarinfiltration gain, MacroFlo gain are studied.

1 Daylight performance will be highlighted by thanalysis of Light energy
required.

1 Hence in this research, in data analysis stage the theerfarmance is rated
based on theoom cooling plant loagMWh), room dehumidification plant load
(MWh) and daylight performance is rated base on light energy consumption
(MWh). Finally, overall performance of the building based on Yearly energy
consumption(MWh). Total carbon emission (kgCbperformancepercentage

will be same as that of energy consumption.

4.3 Data analysis of the base case

Simulation results obtained in IB#sta showing the monthly breakup of energy
consumption, cooling load, dehumidification load, carbon emission and lights energy
for the 2 cases is shown in Appendix Table 43 summarizes theimulationresults

with and without sensors.

Table 43 : Comparisn ofbasecasewith and without sensor

: , Total Total
Yearly energy cooling | dehumid. Light -
Options consumption | plant load | Plant load engrgy S
(MWh) (MWh) (MWh) (MWh) (kgCo2)
Base case 8092 3
with no (228.5 KWhin) 8326.46 | 1500.42 3178.84 | 4199894
sensor
Base case 7406.8 7880.16 | 1500.48 | 271648 | 3844127
with (209.2kWh/n% (-5.36 %) (0%) 14 5500 | (-8.47 %)
sensor (-8.47%) ' (-14.55%) :

The results show that installing a dimming sensor in atrium and adjoining areas which
will control the lights when room illumination level by dayting goes above
500 Lux,reduces energy consumption and carbon emission by 8ebtiitng load by

5.36% lights energy byl4.55%and there is no change in dehumidification plant.load
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The dehumidification plant load remains the sam&=MWh annually since the
fresh air coming in through HVAC system and infiltration is not altered in both cases
(AppendixC).

Figure 410 compares the ligrgnergy for the mall buildingiith and without sensoit

can be seen thathen nosensors are usethe light energy requireds constant in
summer and winterBut when sensors are active, the ligintergy requireddrops
considerably(-14.55%) reducing thetotal energy consumptior(Table 4.3) The
sensors cut off the lights whétumination level reaches 500 Luxhus reducing the
lights energy requiredt can also be noted th#te light gain variesn summerand
winter depending on the sunrise and sun set tinfdé®e ®oling plant loads reduced
by 5.36 %when there is sensoiThis is due to the reduction in lighting gain since the
sensors cut off the lights when illumination level reaches 500 Lux. Appé&nsinows
breakup details of cooling load for base case with and without sensor frexideaS

Power (A}
Pawor (kW)

\\\\\\\\\\\\\\\\\\\\\\\\ e T T T T T T 1 T L 1
02:00 04:00 08:00 08:00 10:00 1200 14:00 18:00 18:00 2000 2200 oo:t 00:00 Qz00 0400 0s:00 08:00 10:00 12:00 1400 18:00 18:00 20:00 200 0oL
Date: Tua 21/Dac. (a) Date: Mon 21iJun (b)
= Lights alactricity: (tsq_BC_sans.aps) = Lights alactrcity: (tsq_basa_no senszora

Figure 410: Light energycomparison with and without sensor
(a)in winter and (b) in summerIES-VE Vista)

It can be observed in Fig 4.11 that the cooling plant load is much higlsemmer
compared tahat of winter since the dry bulb temperature is high in sumifiee
maximum cooling load on June 21 and Dec 21 are 1980akd 814 kv and
maximum dry bulb temperature 42 and 29C respectively. Further observation

shows that the cooling plant load almtekes the profile of dry bulb temperature.
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Figure 411: Cooling plant sensible loa®ry bulb temperaturéiir temperature
(@) in winter and(b) in summer(IES-VE Vista)

The total energy consumption drops dowr8147% mainly due to reduction in lights
energy consumption, when sensors are placed inside the bultdinge, sensors play

a vital role andany research on atrium is not effective without sensamse.g., when
number of floors increase or when the rpobfile is changed the light transmitted
inside the building through the atrium varies, lighting energy needed may become less
or more depending on each case and only if sensor is placed inside the building it will
control the artificial light needed, taumpacting the total energy consumption. If
there is no sensor, the effect of light transmitted inside will not be taken into
consideration and thus the study will not be complete. Hence for testing all other

variables, the model with sensors will be falks the base case.

44 Simulation of model with altered variables

From the literature revieythe various parameters/ variables that influence or increase
the thermal performanceand the daylight performance and of the building are
identified and the variables to be tested are establish€de literature survey
identified Glazing profile,Number of floors, LSG ratio dhe glazing system and Sky
condition as factors that influence the ambof daylight coming inside an atrium and
impact the energy consumption of the atrium. Furtblevalue of envelope and Roof
ventilation are also taken as factors that influences the thermal performance of atrium.
These variables are taken for furthesearch. The test matrshownin Table3.1in

the previous chaptesummarizes all variabseand their values to be testefklection

of therange of values for each variable is explained in the following sections.
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In the following sections, the base mogemodified by altering the variables one at a
time while keeping all other values constant and the results are analyzed to find the

optimal values for each variable

44.1 Variable i Roof ventilation

When the outsiddry bulb temperature goéelow 22C and theoutside air humidity

is lessthan 90%, it is a comfortableérmal environment inside the m#iat does not
need mechanical ventilation artence,roof ventilation could be provided by a
openable roof in the atrium space. Therefmentilation analysis is done in IB&E
MacroFlo and Apache to find the amount of thermal Ided tould be reduced if the
operable rooffunctions under comfortable climatic conditions outsidiee., outside
dry bulb temperature < 22 and outside air moidity < 90 %. Analysis done in
IES-VE Vista, (Fig 4.12) shows thathe outside air temperature drops belowQfor
2275 hours out of 8760 hou{®5.9%) and the outside relative air humidity is above
90% for 546 hours.

.2, Chart{1): Fri 01/Jan to Fri 31/Dec =15 =
Cutput  Analysis  Help
HS & B KXEBWM2 DO EB
Variable:
.arla & Day [ Time Test:
2 O3 -
External relative humidity (%&) V| Mon Start Time Mumber of hours... -
| Tue 51 oo : oo =
V| Wed - - Greater than
j Thu Finish Time Beboeen
Fri = ’ =
24 00
7]5at v v @) Less than
V| Sun
en occupied
Test values in °C
) Averaged, shared hours | |
below 22 in steps of 0 num. steps 0 (For 'unmethours' tesh ‘-._ Apply ‘ ||j_l Chart

Dry-bulb temperature [*C] - howrs in range

File Location ¢ 2200

Esternal relative humidity [%] - hours in range
File: Location » 90,00
AbuDhabilwWEL it 5dE.0

Figure 4.2 : Chartfor number of hours when drybulb temperature®€2
andExternal humidity >90(IES-VE Vista )

A Vent opening profile with requiredoadition was created in APprd-ig 4.13).
Atrium roof opens automatically whemtsidedry bulbtemperature drops below 22
and external humidity is below 90®But if any one of the above condit®is not met,

then the roofemains closed.
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Figure 413 : Vent opening profile (IESYE APpro )

In MacroFlo opening data base manager, 8 vargpening types were created with

10, 20, 30, 40, 5060, 80 and 100 percentage oplele area respectively as shown in

Figure 4.14. Base case is the case at site wh&gl% open. Assigning these roof

openings to the Atrium roof light, one at a time with ather variables constant,

simulation for thermal analysis was done in ApacheSim with MacroFlotdirfind

the best value for opable area.

+ ok
-
lent Crack Aow o

. i Openable Equiva 2 Crack Length (% of Opening

1| RefID | Description Exposure Type Opening = Orfice Area Co-=fficient N o
Aeal {fcf Goss) VemPa"1) Opening Permeter) | Threshold (T)

[T/ XTRNODDD  Estemal window opening 05, semiexposed wall w Custom /sham edgeof.. + 0.000 0.000 015 0.000 0.00 one
[71| XTRNDOM  Roof opening 10 012, exposed roof <10deg + Custom /sham edge ori... = 10.000 10.000 0.15 0.000 20 Rool
[T/ XTRNODD2  Roof opening 20 (2. exposed roof <10deg * Custom /shapedgeod.. »  20.000 20.000 015 0.000 200 Roal
[C1| XTRNOOD3  Roof opening 30 012, exposed roof <10deg + Custom /sham edge ori... = 30.000 30.000 0.15 0.000 20 Rool
[C1| XTRNODD4  Roof opening 40 [12. exposed roof <10deg + Custom /shapedgeoi.. »  40.000 40.000 015 0.000 200 Roal
[T/ XTRNOOO5  Roof opening 50 02 exposed roof <10deg + Custom /shapedgeod.. =  50.000 50.000 015 0.000 20 Roal
[C1| XTRNODD6  Roof opening 60 [12. exposed roof <10deg * (Custom /shapedgeoi.. »  60.000 60.000 015 0000 20 Roal
[T/ XTRNODO7  Roof opening 80 (2. exposed roof <10deg + Custom /shapedgeod.. =  80.000 80.000 015 0.000 200 Roal
[C]| XTRNOD08  Roof opening 100 012 exposed roof <10deg * Custom /shapedgeor.. ~  100.000 100.000 015 0.000 200 Roal

Figure4.14 : Variable values for 8 opable roof lights and base case
for roof ventilation analysi§ IES-VE MacroFlo )
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Simulation results obtained in IBdBsta showing the monthly breakup of energy

consumption, cooling load, dehumidification load and lights energy f& edkes is

shown in AppendiD. Theresults are summarized in Tabld.4.

Table4 .4 : Comparison ofesultsin ApacheSinfor roof ventilation analysis

Options Yearly energy Room cooling deh R%c_)fr_n : Light
(Openable consumption plant Iog_d (MWh) plgntjlnglaoll I(ﬁ\?\?k?) energy

area %) (MWh) [Sensitive load] [Latent load] (MWh)
5025(38223) 7406.80 7880.16 1500.48 2716.48
V171 10% | 7348.34 (-0.79%) | 7764.47 (-1.47%) | 1499.22 (-0.08%) 2716.48
V271 20% | 7323.58 (-(1.12%) | 7703.66 (-2.24%) | 1510.46 ( +0.67%) 2716.48
V31 30% | 7312.66 (-(1.27%) | 7663.94 (-2.74%) | 1528.31 ( +1.86%) 2716.48
V471 40% | 7310.22 (- 1.30%) | 7635.90 (-3.10%) | 1551.41 ( +3.40%) 2716.48
V571 50% | 7313.49 (-1.26%) | 7614.83 (-3.37%) | 1578.95 ( +5.23%) 2716.48
V61T 60% | 7320.39 (-(1.17%) | 7598.33 (-3.58%) | 1609.18 ( +7.24%) 2716.48
V771 80% | 7341.36 (-0.88%) | 7573.93 (-3.89%) | 1675.40 (+11.66%) 2716.48
V81 100% | 7368.04 {0.52%) | 7556.49%-4.12%) | 1746.07 (+16.37%) 2716.48

Results Analysis:

The results obtained from simulatioh 9 cases of opmble roof areancluding the
base casés analyzed for thermand daylightperformanceFollowing observatins

were made from the results.

1 The totallights energy required for the building remains constant for all cases
since the amount ofght coming inside atrium is n@hanged. Hence the variable
T roof ventilation does not have any effect on the daylight performfiraiele 4.4]

1 The total energy consumption of the building is minimum when area of roof
openable is 40%, and it increases thereafter. [TdbleFig 415]

1 This is due to dehumidification plant load which keeps increasing aslolpearea
increases though the cooling plant load decreases.[Hahld-ig 4.16 & 4.17].
The cooling plantoad of the building is a sensitive load and the dehumidification
plant load is a latent load. As the opble area increases bringing more cool and

humid air in winter, the latent load increases due to humidity of air while the cool
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air decreases treen#ble cooling load. So the cooling plant load keeps decreasing
while dehumidification plant loadeeps increasing anét 40% operable area,
they reach a point where the energy consumption starts to incidasély
breakup of MacroFlo ventilation lateingain forall cases is shown in Appendix
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Date: Thu 21iJan

Total energy: (tsg_v100.3ps) = Total energy: [tsq_v80.aps) = Total energy: (tsq_vE0.aps)
= Total energy: (tsg_v50.aps) Total energy: [tsq_vad.aps) = Total energy: (tsq_v30.aps)
Total energy: (tsg_v20.a3ps) Teotal energy: (tsg_w10.8ps) = Total energy: (tsg_base sens.aps)

Figure4.15: Total energy consumptiancreasing after 40% opehle area
(IES-VE Vista)
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Date: Thu 21/Jan

= Room cocling plant sens. load: (tsg_v100.aps) = Room cooling plant sens. loead: (tsg_wB0.aps)
= Room cooling plant sens. load: (tsg_v80.aps) = Room coocling plant sens. load: (tsg_vE0.aps)
Room cocling plant sens. load: (tsq_v40.aps) Room cocling plant sens. load: ({tsg_v20.aps)
Room cocling plant sens. load: (tsq_v20.aps) = Room cocling plant sens. lead: (tsg_v10.aps)

= Room cooling plant sens. load: (tsg_base sens.aps)

Fig 4.16 : Coding plant load decreasing when opéfe area increases (IB& Vista)
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Dehumidification plant load: Zone Atrium (tsg_v100.aps) = Dehumidification plant load: Zone Atrium (tsg_v80.aps)

= Dehumidification plant load: Zone Atrium (tsg_v80.aps) = Dehumidification plant load: Zone Atrium (tsg_v50.aps)
Dehumidification plant load: Zone Atriem (tsg_v40.8ps) — Dehumidification plant load: Zone Atrium {tsq_v30.aps)
Dehumidification plant load: Zone Atrium (tsq_v20.aps) Dehumidification plant lcad: Zone Atrium {tsg_v10.aps)

= Dehumidification plant load: Zone Atrium (tsg_base sens.aps)

Figure4.17: Dehumidification plant loadior various vent opening ar¢fES-VE Vista)

1 Furtherit can be seen thaturing summer months there is no change in energy
consumption. The reason is that during summenths the vent opening does not
open since the outdoor air conditionedmot satisfy the requiremerits the vent
to open. (Dry bulb temperature <%2 and humidity < 90% ) [Fig.18 & 4.19. It
can be seen from Table54that the summer monthscords no variation in latent
and sensible load since the roof does not open due to unsatisfactory outdoor

climatic conditions.
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Figure4.18 : Total Cooling plant load (a) and dehumidification plant load (b)

in summer with no variation (IESE Vistd

79




Table4.5 : Space conditioning Latent loathd Sensible loafibr base case,
40and 100% opw®ble areshowing no variation in summer

Space conditioning Space conditioning
LATENT LOAD -(MWh) SENSIBLE LOAD - (MWh)
tsq_v100 | tsgq_v40 | tsq_base | tsq_v100 | tsq_v40 tsq_base

Jan 0131 52.87 20.59 21.55 135.53 154.95 224.45
Feb 0128 51.98 24.06 21.33 221.22 238.55 289.92
Mar 01:31 | 121.59 82.74 69.92 379.12 392.30 431.47
Apr 01-30 88.92 67.37 58.51 605.97 611.00 621.34
May01-31 | 109.23 108.17 107.68 857.57 857.87 858.35
Jun 0230 | 180.73 180.73 180.73 934.29 934.29 934.29
Jul 0:31 256.90 256.90 256.90 1043.58 1043.58 1043.58
Aug 01-31 | 244.89 244.89 244.89 1053.77 1053.77 1053.77
Sep 0130 | 256.97 256.97 256.97 912.77 912.77 912.77
Oct 0331 | 152.13 145.54 141.90 725.00 726.05 727.97
Nov 01-30 | 150.14 120.94 105.55 469.21 474.09 484.89
Dec 0131 79.72 42.53 34.55 218.45 236.67 297.37
Sum total | 1746.07 1551.41 1500.48 | 7556.49 7635.90 7880.16
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Total enengy:
= Total energy:

Total enengy:

{tsg_w100.aps)
{tsg_vwB0.aps)

(tsq_v20.aps)

Total energy:
Total energy:

Total energy:

{tsg_w80.aps)
{tsg_w30.aps)

{tsq_v10.aps)

— Total energy: (tsg_v30.aps)

= Total energy: (tsq_v30.aps)

= Total energy: (tsq_base sens.aps)

Figure 4.19: Energy consumption during typical summer (no variation) and
winter month (with variation) (IE&E Vista)
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Fromthis analysis it is seen that 40% opble area reduces total energy consumption
best by 1.30% (Tabld.4). Further study is done to analyze if having a dynamic
opening, ie, variable opeable area for different months instead of having 40%
openable area for all months wile more efficient. From figure 20, it can be seen
that having 50% operable area for month of January and Febraury, 30% for march,
20% for April, 10% forOctober, November and %® for December will maximize

the energy savirgy Table4.6 shows the total energy consumption for each month for
the various opeable areas tested and the last colungivies the reduction in energy
consumptionby having adynamic opaable areavhile compared to aonstant 40%
openable areaThe minimum value and constantvalues arenarked green and grey
respectivelylt canbe seen that thetal differencein energy consumption Byaving a
dynamic opeable areas and a constant 40% operable area will be on8/N6\&h
(0.09% of total energy).

Table4 .6 : Total energy consumption for 12 months for variousapée areas and
reductionin MWh compared to 40% openiry having a dynamic opening

Total energy (MWh)

tsqv6 | tsqvb | tsqv4 | tsqv3 | tsqv2 | tsqvl | tsq_ R

tsqv10 | tsqv80 0 0 0 0 0 0 base

Jan | 331.16 326.87 324.20 323.93 324.73 327.25 332.05 340.78 359.96| 0.80

Feb | 346.59 343.09 340.89 340.60 341.09 342.85 346.38 352.57 365.33| 0.49

Mar | 482.48 476.96 47245 470.73 469.64 469.40 470.60 474.10 482.82| 0.24

Apr | 571.97 568.80 565.96 564.74 563.71 562.97 562.62 562.93 564.45| 1.09

May | 709.34 709.19 709.06 709.01 708.96 708.92 708.91 708.91 708.95| 0.05

Jun | 77295 77295 77295 772.95 77295 77295 772.95 772.95 772.95

Jul | 875.80 875.80 875.80 875.80 875.80 875.80 875.80 875.80 875.80

Aug | 875.25 875.25 875.25 875.25 875.25 875.25 875.25 875.25 875.25

Sep | 806.87 806.87 806.87 806.87 806.87 806.87 806.87 806.87 806.87

Oct | 672.24 671.25 670.32 669.88 669.48 669.11 668.81 668.61 668.61| 0.87

Nov | 537.07 532.79 528.67 526.72 524.91 523.31 522.09 521.57 522.62| 3.34

Dec | 386.31 381.54 377.98 377.01 376.83 377.97 381.25 387.97 403.19| O

Sum 7320.3 | 7313.4 | 7310.2 | 7312.6 | 7323.5 | 7348.3
total 7368.04 | 7341.36 9 9 > 6 8 4 7406.80| 6.88

(R = Reduction in energy consumption with dynamic opening as compared to 40%
opening area)
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This result is validated by creating a dynamic profile with th&t bpenble area for
each month as mentioned above in 4S5 Macrd-lo data base manager and
simulating the model in ApacheSim and recording the energguoaption. The
results are recorded in Tabl& 4vhich compares the energy consumption iwWNfor

the base case, dynamic operable area and 40% operable area.

Table 47 : Resultscomparison fronsimulation of model in IESVE

Dynamic openable area | 40% openable area Base case
Month O;f?:(;: € Tozl’c\l/llv(il?srgy Total energy (MWh) | Total energy (MWh)
Jan 50 323.926 324.729 359.961
Feb 50 340.598 341.094 365.331
March 30 469.403 469.642 482.817
April 20 562.622 563.714 564.453
May 40 708.909 708.959 708.950
June 40 772.950 772.950 772.951
July 40 875.799 875.799 875.798
August 40 875.250 875.250 875.250
Sept 40 806.871 806.871 806.872
Oct 10 668.615 669.475 668.614
Nov 10 521.573 524.906 522.617
Dec 40 376.826 376.827 403.188
Sum total 7303.341 7310.215 7406.800
Reduction -1.397% -1.304% Basecase
Savings from dynamic operable area compared to 40% operable @& Mwh (.09%)

From Table 47, it can be seen that during the summer months when there is
maximum energy consumption, the roof openings remain closed due to unsatisfactory
external climatic conditions and hence thierence between the 40% opdble area

and dynamic opmble area i®nly 0.09 % ie, is 6.874 Wh. Considering that the
DEWA electricity tariff for that slab is 38 fils per kwWh, the total reduction in cost will

be only 2612.00 AED annually, which is a negligible amount compared to the total
cost.Further, automated contsofor dynamic opening will increase the building cost.
Considering all these factors, 40% ppkle area which redes energy consumption

by 1.30%can be taken as the optimuwmalue for roof ventilation opeable area. This

value will bethe recommendedalue for roof openable area to enhance the thermal

performance.
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4.4.2 Variable T Number of floors

The existing Times Square Mall is G +1 floor. The thermal performance and daylight
performance of the mall is tested by adding additional floors. The nuohikrors
tested are 2, 4 and 8Bhe existing 2 storey mall has varying plan for its ground and
first floor. In the model builder ModellT in IES VE software, the G+1 model was
made into a high rise building of 4 and 8 floors by copying the first flooaddahg it

as additional floors (Fig 412. Then sensors were placed in the atrium and the

adjoining spacesf each floor ging IESVE Radiance module

Fig4.21 : Three cases tested faariablei no. of floors (IESVE)
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Thermal analysis is done wittihe radiance link in ApacheSimnd theSimulation
results obtained in IESista showing the monthly breakup of energy consumption,

cooling load, dehumidification load, lights energy and carbon emission for all 3 cases

is shown in AppendiE. The results & summarized iffable 48.

Table4.8 : Thermal performance comparison for 2,4,8 floors {\ESVista)

No. of floors 2 4 8
Area m2 35413.45 | 69536.14 | 137781.52
Total energy consumption (MWh)|  7406.8 14036.37 | 27354.65
g Cooling plant load (MWh) 7880.16 13699.04 | 25339.03
<c_Eu Dehumidification plant load (MWh)| 1500.48 2972.25 5918.63
E Carbon emission (kgCO2) 3844127 7284877 | 14197053
Lights Energy (MWh) 2716.48 5700.71 11725.83
Energy consumption (KWh/An 209.15 (_230411'9%2) (_1593'7%2)
Cooling plant load (KWh/R) 2225 (_ﬁzgc}/o ) (_118735%2)
E o 42.7 42.96
% Dehumidification plant loagkwh/n) 42.37 (+0.87%) (+1.39%)
o
Carbon emission (kgCO2 /3n 108.55 (_1?? 19702 ) (_150&%2)
. 81.98 85.11
Lights Energy (KWh/rf) 76.71 (+6.879%) | (+10.95%)

Results Analysis:

The results obtained from simulatiofithe 3casesof variablei number of floorgs
analyzed for thermadnd daylightperformance Following observations were made

from the results.

1 The results show that as the number of floors incremgeand 8 floors, cooling
load is reduced by 11.5% and 17% respectivBlyt dehumidification plant load
increasevery slightly to 1.4% and the lights energy increases by 7% and 11% for
4 and 8 floors. However, the overtilermal performances increasedn terms of
energy consumptiorand carbon emission. Theyeduce by 3.5% and 5%

respectively(Table4.8).
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As explainedn section 4.2, energy consumption is summation of system energy, light
energy and equipment energyThe cooling load is sum olight gain, external
conduction gain,ssolar gainand infiltration gain.The reason for this increase in
efficiency as number of floors increase is further studied by analyzing ¢a& up of

cooling load.

1 Interms of light gain, the overall energy required for lights increases from the base
case by 6.87% and 10.95% in 4 and 8 flboilding respectively.(Table §). As
the height of building increases the daylight reaching ground floor decreases and
henceground floor rooms will need more lights leading to higher light gain.
Fig 422 shows the increases in light gain in the atrium zone in summer and winter

when number of floors increase.

Gain (k)
-

1o 1

T T T T T 1 T 1 T 1 Tt 1 T T _ T T T 1T T 1T

T T T T T T T T T T T T T T T F T T T T T T (LU I A R AU B A B T T
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 000

T T T T 1
00.00 0200 0400 0800 000 1000 1200 1400 1600 1800 2000 2200 000

Date: Mon 21/Jun Date: Tue 21/Dec

(a) (b)

= Lighting gain: Zone Atrium {tsg_=Sfloorss. aps) = Lighting gain: Zone Atriom {tsg_4floorss. aps)

= Lighting gain: Zone Atrium {tsg_base sens.aps)

Fig 4.2 : Light gain in Arium zonefor 2,4,8 floorsi (a)in summer andb) in winter
(IES-VE Vista)

1 In terms of external conduction gain, only ground, top floor anereal walls will
receive the gain. Hence perusge meter, this external conduction gain becomes
very less when number of floors increase. This will decrease cooling load to a
large extent. It reduces by 31.25 % and 41.44 %l iand 8 floor building
respetively. (Table 49). Fig 4.23 shows that the topmost floor receives the
highestexternal conductiogain due to roof being exposed to direct sunlight. For
the floors in between, the amount ekternal conductiorgain does not show

variation.
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Fig 4.23 : External conduction gain in each floora# and 8 floobuilding

Table 49 : External conduction gain comparisor2id and 8 floobuilding

Floors 2 4 8
Area nt 35413.45 69536.14 137781.52
7 floor 1701.113
6 floor 360.535
5 floor 360.720
4 floor 360.711
3 floor 1698.363 360.705
2 floor 360.485 360.710
1 floor 1696.726 360.713 360.761
G floor 569.357 622.167 703.041
TOTAL (in MWh) 2266.0832 | 3041.7275 4568.2966
per m? 0.064 0.044 0.033
Percentage reduction per i Basecase -31.25 % -48.44 %

In terms of solar gain, the decrease in solar gain will be 42.30% and 65.38% for
and8 floor building respectively (Table #0). In a8 floor building, the top floors
receives more direct sunlighenetratiorwhile the lower floors will receive much
less sunlight. Thus the solgain will be more on the top floors than the GF rooms
in a multistory building(Fig 4.24). It can also be noted that tlselar gain in GF

which has theatrium floor will receive less slar gain as theaumber offloors
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increase since the sunlight reaching the floor reduces (Fsy ©gerall, a8 floor
building will receive less solar gain per floor area tha® #oor building and

hence less cooling load.

Table 4.D: Solar gain comp#on in 2,4 and 8 floor building

Floors G+1 G+3 G+7
Aream?2 35413.45 69536.14 137781.52
7 floor 111.728
6 floor 113.325
5 floor 100.478
4 floor 85.778
3 floor 128.720 77.285
2 floor 134.449 67.244
1floor 149.227 114.837 58.428
G floor 757.566 658.910 651.827
TOTAL in Mwh 906.794 1036.917 1266.092
per m? 0.026 0.015 0.009
percentage reduction per i base case -42.30% -65.38%
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= Saolar gain: Zone adjoin gf (tsq_8Bfloorss.aps) Solar gain: Zone adjoin ff (tsq_8floorss.aps)
= Sclar gain: Zone adjoin 2f {tsg_8&floorss. aps) = Solar gain: Zone adjoin 3f {tsq_Efloorss.aps)
= Sclar gain: Zone adjoin 5f {tsg_&floorss.aps) Solar gain: Zone adjoin &f {tsq_&floorss.aps)
Sclar gain: Zone adjoin 7f {tsg_8flcorss.aps) — Solar gain: Zone adjoin 4f {tsq_Efloorss.aps)

Fig 4.24 : Solar gain in adjoining area for each floor in the floor building showing
a decrease in the lower floors (V% Vista)
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Fig 425 : Solar gain in atrium zone 4,8floor building showing
decrease as number of floors increase.{MESVista)

The infiltration gain is constant at .018 kWh/ra2 seen from Appendik. As seen
above although the light gain increas@s a high rise buildingthe solar gain and
external conduction gaidecrease significantly, therebyeducing the total energy
consumption.The overall energy consumption can be reduced by 5% 8nflaor
building and 3.5% in & floor building. (Table4.8). Hence a building with more

number of floors gives a better thermal parfance.

Hence from this analysis, it is seen that a building with more number of floors gives a
better performancevhen only the variable number of floors is changedBut it

should be remembered thabst of the malls found in UAE are usually bwilith a

wide floor plan and are not more than 24téloors. Next, the malls being built on the
main commercial and residential areas will get approval only for lesser number of
floors. This will depend on thiecation of the mall. Hence rhunicipality appoval is
available and if the client advices, then more number of floors can be added. However,
for optimal case analysis, the optimal values of all other valuables will be applied to
all 3 cases fovariable number of floorsij.e., 2,4 and3 floor building andanalyzel to

study itsimpact on buildings performance when all optimal values are applied

together.
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4.4.3 Variable 1 Roof Profile

The existing Times Square Mall has vault robtize 30m x 26mvhich covers 100%

of atrium zone. Thenodel is analyzedy changing the roof profiléo find the best
profile that can improve it®verall performanceVarious options were tried out by
changing the roof profile in IESVE ModellT software and thsted roof profiles are
shown in Figuret.26. North light with 20%and40% of original vault glazing area is
tried out (case 3,4). Also North light with slope at back (case 5), diagonal side glazing
(case 6) and diagonal side glazing combined with flat glazing (case 7) is tried out.

Table4.11 lists the character of each profile.

Table4.11 Options for roof profile for the analysis

Options Roof Profile Ht Facing Glazing area
(m) side
Base cas¢  Vault roof 275 | Top As on site, 100% glazing
in atrium area
Case 1l | Flat glazed roof| - Top 100% glazing in atrium area
Case 2 Closed roof - - No glazing on roof

Case 3 | Northlight L20 | 2.75 | NE,SE L shaped & 20% glazing area

Case 4 | Northlight L40 | 6.2 NE,SE L shaped & 40% glazing area

, Same as case 4, but with
Case 5 North light 6.2 | NE,SE
L40SL slope at back

Case 6 North light D 6.2 N Diagonal & 30% glazing area

Case 7 | Northlight &flat | g2 | N andTop| Same as case 6 but combined w
combined flat glazing (55% glazing area)

90



Basecase - Rasgldzed
? = \

Case Z, Closed Case 3North light L20

-

Hl/’—'—\</

Case 4; North light L40 Qdserth light L40 SL
Geaderth light D Cas#l@rth light & flat combined

Figure 4.5 : Roof profileconfigurationdor analysis

Simulation results obtained in IB#@sta showing the monthly breakup of energy

consumption, cooling load, dehumidification load lights energy and carbon emission

for all 8 roof profilesis shown in AppendixF. The results are summarized in
Table 4.2.
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Table4.12 : Thermal performance comparison for gwoof profiles (IESVE Vista)

Room Room .
i : Lights Annual
Total energy | cooling dehumid.

: energy Carbon

OPTIONS | consumption plant load plant load (MWh) emission
(MWh)

(MWh) (MWh) (kgCo2)

Vault 7406.8 7880.2 1500.5 2716.5 3844127

7489.1 7925.0 2779.7 3886860

Flatglazed | 11900y | (056 | 499 | 23w | (+1.1%)

7684.9 7582.9 3146.5 3988445

Closed | (,3750) | (3.8%) | *93° | 1s.90) | (+3.75%)

North light 7675.4 7628.6 1502 1 3110.0 3983507

L20 (+3.63%) (-3.2%) ' (+14.53%) | (+3.63%)

North light 7667.9 7687.9 1512.8 3067.5 3979618

L40 (+3.53%) (-2.4%) ' (+12.9%) | (+3.53%)

North light 7653.8 7663.7 1509 5 3067.2 | 3972328

L40SL (+3.33%) (-2.8%) ' (+12.9%) | (+3.33%)

North light 7728.3 7674.6 1500.1 3140.9 4010988

D (+4.34%) (-2.6%) ' (+15.6%) | (+4.34%)

Nog?|g?ht 7484.6 7596.7 1500.2 2936.2 3884522

combined (+1.05%) (-3.6%) (+8.1%) | (+1.05%)

ResultsAnalysis:
The results obtained from simulation of ®of profiles for the variable i roof
ventilationis analyzed for thermand daylightperformanceFollowing observations

were made from the results

It shows that the total energy consumption is lowest with vault roof followed by North
light and flat combined roof and then flat glazed roof and it i&dsgin the other
North light casesind closed cas&ut it could also be noted that although the cooling

plant load is lowest for closed roof and North light cases, the final energy
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consumption becomes higher. Similarly, even though, the cooling plahisidagher
for flat glazed roof profiles and vault roof, their final energy consumption is lowest.

Hence, further analysis of results is done to find the reason for this.

As discussed in section 41tal energy is sum of system energy and lights energy.
Hence energy break up of roof profiles is taken fron IES Vishle 4.8 summarizes

thebreakup of total energy consumption for all 8 cases of roof profiles tested.

Table 4.8 : Breakup of total eergy consumption for 8 roof profiles ( IEd@sta)

C -

£ c A @ i 2=l - |5 T

o l%g ‘%g 8§ ééiﬂf i=||22 :D%%;é%g g Egchillers még Total Total

P2 o2 Y2 w2383 w2 |[E2]|E £2|T 3 i energy 7 g g | Sstem | | lights energy

I N R P = A R e

B 8T 87 iR iic : AR - IR i (M)

3 w "=t 0 0 Tl G < g
VAULT GLAZED  |2716.5 1393.5 906.8 2266.1 0.0 637.4 |7880.2| |1500.5| [9380.6 8685.8|  |3474.3||1216.0| |4690.3 -
FLAT GLAZED 2779.7 1351.1 907.2 2254.6 0.0 632.5 1493.9 8721.2 3488.5| | 1221.0 7489.1
CLOSED 3146.5 1351.1 115.8 2336.5 0.0 632.9 1493.9 8404.4 3361.8| | 1176.6 7684.9
NL20 3110.0 1351.1 158.5 2368.5 0.0 640.5|=| 7628.6|+1502.1)=/9130.7/1.08|8454.3}/ 2.5 3381.7# 1183.6/=| 4565.3(+ 3110.0|=|7675.4
NL40 3067.5 1351.1 212.0 2407.1 0.0 650.1| |7687.9| |1512.8| |9200.7 85192 |3407.7||1192.7| [4600.3| |3067.5| |7667.9

NL4OLSLB(6.2) |3067.2 1351.1 211.9 2386.4 0.0 647.2| |7663.7| |1509.5| |9173.3 8493.8 3397.5| | 1189.1) |4586.6| |3067.2| |7653.8
NL 30HALFCUT(6.2 3140.9 1351.1 164.6 2379.1 0.0 6389| |7674.6| |1500.1| |9174.7 8495.1 3398.1| | 1189.3| |4587.4| |3140.9
NL30 + FLAT 2936.2 1351.1 301.2 2369.0 0.0 639.2| |7596.7| 1500.2| |9096.9 84231 3369.2(|1179.2| |4548.5| |2936.2| (7484.6

As mentioned earlieit can be seen that thepoling plant load and hence system
energy is lowest for closed roof profile andaal®r North light roof profiles (Fig

4.27). But light energy required fdhese cases is much higher since roof glazing area
is null for closed roof case and only-20% of original vault glazing area in north
light cases and hence natural light penetrating into the building is reduced
significantly whichnecessitates the neéar artificial lighting throughout whichn

turn increases light energy consumpti¢ihig 4.28). So finally when system energy

and light energy is added up, the total energy consumption goes much higher for
closed roof (+3.75%) and north light case3.83 to 4.34%).

Similarly, because of more natural light coming into the building in case of flat glazed
and vault roof profiles, the building gets heated up soon and thus the cooling load and
system energy is much high@ig 4.27). But the sensors irhe building will cut off

the lights when daylight illumination reaches 500 Lux and hence lighting loadewill

much lesser in these 2 cases (FigBl.Blence when system energy and lights energy
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are added up for finaknergy consumption it becomes much déovior vault roof
(lowest ) and flat glazkroof (+1.1%)(Fig 429).
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Figure 4.7 : System energy graph for various roof profiles
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Figure 4.8 : Total lights energy graph for various roof profiles
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In case of by north light & flat combine@of, lighting gain is reduced by the small
flat glazed area which allows more natural light into the building and since this flat
glazed portion lies in the shade area of ndight, the solar gain also is greatly
reduced compared thée flat glazedoof. (Table 4.B). So when system energy and

lights energy gets added up for total energy consumption, the performance of this roof
is better than the other north light roofs.

7800

7728

—_ 1 7685 7675
= 7700 7668

7654

2 _
2 7600
- I 7489 7485
> 7500
& 7407
27400 -
L -

7200 i T | | T | T

Vault Flat Closed  North  North  North  North  North

To

glazed light 120 light L40  light  lightD light &
L40SL flat
combined

Fig 429: Total energy consumptiaccomparison for th& roof profiles (IESVE Vista)

However, he overall energy consumption much lesser in vault roof followed
closely by north light & flat combined roof (+1.05%) and flat glazed roof (+1.1%) as
seen in Fig £9. Closed roof and north light roofs incredle energy consumption by
+3.3% to 4.3%.From the above analysis it is clear that vault roof gives the best
performanceamong all the 8 cases test&ince Times square center mall already has

vault roof, the roof profile will not be changed for the oplicase.
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4.4.4 Variable i LSG Ratio of glazing

For an atriumlocated in a hot dry climate, blocking of solar heat gain without
blocking the visible transmittance is very important. So the LSG ratio of glazing is
taken as the parameter to assess the efficiency of glakengeen in the literature
review, LSG ratios a very useful index which compares visibility of a glazing system
to its solar gainLSG = VT/SHGCwhere VT or Tvis is theisible transmittance of
light and SHGC is the solar heat gamefficient (DOE nd)

In this research, to study the effectgpof azi ng system on the mall
the thermal performance is assessed by altering the LSG value of the glazing system.

In the construction database of Building template manager, glazing is classified into 3
categories Internal window, Ex¢érnal window and Roof light. For any building the

exterior glazing properties need not be the same as that of interior glazing since the
amount of daylight and heat gain from sun exposure will be different for both. Hence

for this analysis, internal glazinand external glazing (external window and Roof

light) is analyzed eparately. It can be seen fronatlle 4.14, that the LSG value of

glazing used in external openings (External window and Roof light) are similar while

for the internal window, a lower glamy valuewill be sufficient.

The LSG value of various glazing materials are calculated from the VT and SHGC
values given in the construction data base ofMESApacheSimFig 4.30 illustrates

the values as shown in construction data base in ApacheSianstample of glazing
materiali 6 mm clear glazingLSG value of the existing glazing used at site is taken
as the base case vallew glazing materials are choskom the data baseo that

they represent LSG values over and below the base case haltle4.14 shows the 3
categories ofglazing system shown in Apache construction database manager and
LSG values of the materials chosen for the study. Case by case, each glazing material
is applied to the model keeping all other variables constant (hglgzofile, number

of floors, U value of insulation, ventilation of roof opening ) and thermal simulation is
done in ApacheSim. While testing internal windows, only the LSG value of that
category is changed while that of external window and roof ligkejg as base case
value. Simulation results obtained in IBEAsta showing the monthly breakup of

energy consumption, cooling load, dehumidification load lights energy and carbon

96



emission for all 7 tested cases is shown in Appe@diXhe results arseummarized in

Table 4.5.

Table4.14 : Glazing material chosen for analysis and their propertiesVIES

Options VT SHGC LSG value Glazing material
EXTERNAL WINDOW
Base case 0.77 0.6214 1.24 Clear double 10mm
Case 1 0.77 0.8116 0.949 Clear single 6mm
Case 2 0.76 0.5657 1.344 Low e double 10mm
' 0.5650 1.345 Low e triple 6mm
Case 3
Case 4 0.76 0.4891 1.554 Low e triple 20mm
ROOF LIGHT
Base case 0.76 0.6338 1.119 Clear double 10mm
Case 1 0.77 0.8114 0.945 Clear single 6mm
Case 2 0.76 0.5690 1.336 Low e double 10mm
' 0.5676 1.339 Low e triple 6mm
Case 3
Case 4 0.76 0.4925 1.543 Low e triple 20mm
Options VT SHGC LSG value Glazing material
INTERNAL WINDOW
Base case 0.41 0.855 0.48 Clear single 6mm
Case 5 )
0.77 0.8150 0.945 Clear single 10mm
' 0.80 0.963 Low e 6mm
Case 6
Case 7 0.76 0.6727 1.130 Low e double 6mm
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¢ Project Construction (Glazed: Internal Window]_- - _—‘ -'——i lﬂ
Description: Intternal Window &mm clear ID: STD_INT1
Performance
Met U-value (induding frame)  4.1077  Wjm2K U-value (glass only) 40788 Wjm2K
Net R-value 0.2452 m¥MW g-value (EN 410) 0.8550 Visible light normal transmittance 0.41
Surfaces
Frame
Shading device
Regulations
Dwelings
Construction layers (putside to inside)
Material Thickness| Cenductivity T G CD::f.ec.tiD: Resistance T Outside | Inside |Refractive| Qutside | Inside
atena mm | W/(mk) ype | s ‘?Mr':ie; mKW | ™ | Reflect, | Reflect. | Index | Emiss. | Emiss.
[CF6] CLEAR FLOAT 6MM 6.0 1.0600 Uncoated 0780 0070 0070 1.526
Derived Parameters (Glazed) |_§E
Intemal Window 6mm clear
U-value (glass only) 40733 WmEK
Net U-value {including frame™) 41077 Wim2K
Cutside suface airfilm resistance 0.1138 mAW
Inside surface airfilm resistance 0.1138 mAW
Frame occupies 30.00% of the total area
THETA = Angle of incidence
T(D) = Short wave solar transmission (directly transmitted fraction)
TIR) = Long wave + convection from inner pane {retransmitted fraction)
THETA o 10° 20° an 40° L B0* Fiis an® an°
TID 0780 0779 0776 0770 0759 0736 0E38 0531 0348 0.000
TIR] 0075 0075 0077 0073 0082 0085 0085 00390 0085 0000
Short-wave shading coefficient 0.8966
Long-wave shading coefficient 0.0862
Total shading coefficient 0.9828
SHGC (centerpane) 0.8550
I

Fig 4.30: Glazing material propertigbase casdyom construction data base manager
(IES-VE Apcdb)
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Table4.15 : Comparison of cases for LSG ratio analysis in ApacheSim

Yearly Room Room Lights Total
Obtions LSG energy cooling dehum. energy Carbon
P ratio | consumption| plantload plant load (MWh) emission
(MWh) (MWh) (MWHh) (kgC02)
External Openings : (External window and Roof skylight)
E;‘Z’g 1.24 7406.80 7880.16 150048 | 971648 | 3844127
7549.94 8164.81 1502.11 3918419
Casel| 0.949 | .7 930 (+3.61%) | (+0.11%) | 271648 | (11939
7358.97 7784.57 1500.41 3819306
Case2| 1.344 | (560 (-1.21%) (-0.00%) 271648 | (066 %)
7356.34 7779.43 1500.28 3817938
Case3| 1.345 | 680 (-1.28%) (-0.01%) | 271648 | (0680
7309.11 7684.92 1500.34 3793426
Cased| 1.554 | (4370 (-2.48%) (-0.01%) | 271648 | (1359
Internal Openings : (Internal window)
Eé::g 0.48 7406.80 7880.16 150048 | 2716.48 | 3844127
0.945 7407.02 7880.60 1500.48 3844242
Caseb (+.00 % ) (+.01%) +.00%) | 271648 | (1 00%)
7407.00
7880.55 (+.01 1500.48 3844249
Case 6| 0.963 (+.00 %) %) (+.00%) 2716.48 (+.00 %)
7407.18 7880.90 1500.49 3844325
Case 7| 1.130 (+.01%) (+.01 %) (-0.00%) 2716.48 (+.01 %)

ResultsAnalysis:

The results obtained from simulation of 4 cases of external openings and 3 cases of

internal openings for theariablei LSG ratiois analyzed for thermand daylight

performanceFollowing observations were made from the results

! Forthe external wallglazing material with high LSG ratio gives good thermal
performance (Tabld.15, Fig 4.31). Figure 432 shows that as the LSG valoé
glazing decreases, the solar gain increases heating up the interior and thus
increasing the energy consumption.

! But for internal wall LSG ratio does not make much difference in thermal

0.48, 0.945 and 1.13 for tkenah

openings gives the same thermal performance.(Halite Fig 4.33)

performance. For eg, LSG value of

1 Itis also noted that different glazing materials can give the same performance if

their LSG value is same. For eg, case 2&3 and also case && different

99



materials but with same LSG ratio, but their thermal performance in terms of
energy consumption, cooling load and carbon emission is the same.4Ti&le

f Hence o improve thermal performance, glazing material of higher LSG value is
chosa for external openingsSince LSG = VT/ SHGC, a material with high
visible transmittance or with low SHGC can be chosen depending on site
requirements.

1 Changing the LSG ratio does not have any effect on the light energy req@sred.

can be seen from Tab#.15.
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= Total energy: (tsg_lsg1.aps) Total energy: {tsg_Isg2.aps) Total energy: {tsg_lsg2.aps)

Total energy: (tsg_lsg4.aps) Total energy: (tsg_base sens.aps)

Fig 4.31 : Energy consumption graph for external openings difflerent glazing
material (IESVE Vista)
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Solar gain: 18 rcoms (tsg_ Isg4.aps) = Sgolar gain: 18 rooms (tsq_ base sens.aps)

Fig 432 : Solar gain graph with options of external glazing material of varying LSG
value (IESVE Vista)
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Fig 433 : Energy consumption graph for internal openings with different glazing
maerials (IESVE Vista)

From Table 4.5 it is seen that external glazing material of higher LSG value of 1.5
will improve thermal performance by 1.32% from base case and LSG 1.&dke

by 0.68%. The difference is only 0.64%. To achieve this higher value, low e triple
glazing 10mm has to used instead of low e double 10mm or low e triple 6mm. This
will increase the construction cost considerably. Hence any glazing materialS@Gth
above 1.3 will be recommended for external glazing and it will be taken as the best
value for the optimal case. For internal openings, since LSG value does not affect the
thermal performance, the base case value will be retained as such for optémal cas

4.45 Variable 1 U value of envelope

In a hot climate such as Dubai the outside dry bulb temperature keeps rising in the
daytime and the building interior also gets heated up soon due to direct exposure of
walls and roof to solar radiation. A mateneith low U value resists this heat transfer

and reduces the heat buildup inside. Thus U value is one of the major parameters that
can affect the thermal performance of a building. U value is expressed s arfoh

it depends on the thickness and the trereonductivity of the material used in
construction of wall or roof. It decreases when thermal conductivity of material
decreases and when thickness increases. The mall building is tested with various U
values for the external walls and roof to deterniiveepercentage reduction in energy
consumption that could be achieved.
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The most common insulating materials used in UAE are the Polyurethane board,
Mineral fiber slab, Phenolic foam, extruded Polyurethane which are available in
varying thickness. For thianalysis the base case of external wall and roof is taken
without insulation. Then varying U values obtained by adding an insulating material

to the base case are tested. The insulating materials are selected from the construction
data base manager in AgeSim in IESVE which gives list of insulating materials

and their characteristics. Table @dives details of the different materials selected for

the analysis the type of insulating material, their thickness and thermal conductivity.

It can be seefrom the table that the same material can give different U values when
thickness is changed.(case 1&2, case 6&7). Even though the thermal conductivity is
same for different materials such as Polyurethane board and Dense EPS slab (case
1&4, case 6&10), theiU value is different due to the change in their thickness. Also it
can be noted that adding a light weight metallic cladding on the external wall does not
affect the U value much.(case 2&3). Fig4lshows the construction materials chosen

for the base ase roof and the dalue from the construction data base manager.

@ Project Construction (Opaque: Roof) =JREN X
Description  flat roof o SROOF2
Performance
|J-value 15647  Wim2K ASHRAE - Thickness 275,000 mm Thermal mass Cm 3.8000  kJj(m¥K)
Total R-value 0.4913  mxw Mass 330.3000  kg/m? Very lightweight
‘I’ Surfaces
III Requlations
Construction layers

Specific o
‘ L Thickness | Conductivity | Density |Heat Resistance | " ..
Material (outside to inside) o WimkK) kg/m® | Capacity |m /W Eﬁlztl(:t}'m] Category
WkgK) 9
[STC] STOME CHIPPINGS 100 09600 18000 10000 - 250,000 Sands, Stones
[F/B] FELT/BITUMEN LAYERS 50 05000 17000 (10000 - 15000000  Asphalts &
[CC] CAST COMCRETE 1500 11300 20000 10000 - 500,000 Concretes
Cavity 1000 - - - 01700
[CLT] CEILING TILES 100 0.0360 3800 10000 - 45.000 Tiles
| Copy || Paste H Cavity || Insert H Add || Delete || Flip | System materials || Project Materials |
|Condensaﬁonanalysis” Derived parameters | oK Cancel

Fig 4.3 : Base case roof construction materials and italue (IESVE APcdb)
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Table4.16 : U value of external wall and roof chosen for analysis and their properties
(IES-VE APcdb)

EXTERNAL W ALL
i i i Thickness Therma_d . U value
Options Insulating material conductivi 2
mm w/m4.K
ty w/m.K
Base case Concrete block wall with plastering 23969
(overall thickness 130mm)

Case 1 Polyurethane board 70 0.025 0.3074
Case 2 Polyurethane board 32 0.025 0.5771
light weight metallic 15 0.29
Case 3 cladding + Polyurethane ' 0.5603

32 0.025
board
Case 4 | Dense EPS slastyrofoam 20 0.025 0.8120
Case 5 Mineral fibreslab 20 0.035 1.0115
ROOF

i i i Thickness Therma}l . U value

Options Insulating material conductivi 2
mm w/m=.K

ty w/m.K
Base case Flat concrete roof as shown in figl 1.5647
(overall thickness 275mm)

Case 6 | Dense EPS slastyrofoam 120 0.025 0.1839
Case 7 | Dense EPS slabtyrofoam 70 0.025 0.2908
Case 8 Phenolic foam 110 0.04 0.2951
Case 9 Phenolic foam 50 0.04 0.5294
Case 10 Polyurethane board 25 0.025 0.6101

Case by case, each mateaal shown in table 46lis applied to the base case model
keeping all other variables constant ( i.e., glazing profile, number of floors, LSG value

of glazing and roof ventilation openable area) and simulation is done in ApacheSim.
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Simulation results obtagu in IESVista showing the monthly breakup of energy
consumption, cooling load, dehumidification load lights energy and carbon emission

for all cases is shown in Appendik The results are summarized in Table74.1

Table 4.7 : Comparison of cases for U value analysis in ApacheSim (ISE VE)

Yearly Room ) Total
: Dehum. Liaht

. U energy cooling g Carbon
Options : pl.load | gener I
value | consumption| plant load (MWh) gy emission
(MWh) (MWh) (MWh) (kgCo2)

External Wall :
Base casq 2.3969 7406.80 7880.16 1500.48 2716.48 3844127
7099.17 7265.30 3684470
Casel | 0.3074| (' io | (7.800) | 150008| 271648 | T% Lo
7139.62 7346.17 3705460
Case2 | 057711  “sion | (6.78%) | 190009| 271648 | oo
7136.59 7340.11 3703887
Case3 | 0.5603 | (2ror | (e.gsve) | 150009| 271648 | ore
7174.92 7416.75 3723781
Cased4 | 0.8120 | [3% 200 | (5ggey | 150012| 271648 | Tog
7204.68 7476.26 3739229
Case5 | 1.0115| 77300 (5130 | 150013 271648 | o0

Roof :

Base casq 1.5647 7406.80 7880.16 1500.48 2716.48 3844127
6800.19 6667.39 3529300
Case6 | 0.1839 | ’g'o00 (:15.300) | 1500.03| 271648 | %o, 0
6848.13 6763.25 3554177
Case? | 0.2908 | 7 caon | (14170 | 150004| 271648 | U000
6849.93 6766.86 3555114
CaseB | 0.2951| 7ol | (14130 | 150004| 271648 | U5
6953.61 6974.21 3608926
Case9 | 0.5294| "o oo0 (1150 | 150005 271648 | Toio0 0
6991.52 7050.00 3628596
Case 10| 0.6101|  “oion | (105405 | 150006 271648 | Tl o

ResultsAnalysis:
The results obtained from simulation®tases of exterior wall and 5 cases of roof for
thevariablei U value of envelopé analyzed for thermalnd daylightperformance

Following observations were made from thsults
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It can be observed from the results that the thermal performance of the building
improves as the U value decreases (Tablg 4.1

For external walls,U value of 0.3074 (cas 1) gives the best performance

( - 4.15%) and U value 0f0.5771 (case 2) improves thermal performance by
-3.61%. But it can be seen from table 8,lthat to achieve that U value, the
thickness of the polyurethane board has to be doubled from 32mm to 70mm while
the reduction in energy consumptionoisly 40.45 mWh. The cost of insulation
doubles to achieve 0.30 U value. Moreover, as per Dubai municipality regulations
(DM 2014) 0.57 is the recommended value for external wall. Hence 0.57 will be
taken as the recommended value for optimal case.

Similarly, for roof, U value of 0.1839 (case) @ives the best performance
(-8.19%)and U value of 0.30 (cas® improves thermal performance bg.54%.

But to achieve that U value, the thickness of dense EPS slab has to be increased
from 70mm tol20 mmas can be seen from case 6 and 7 in tabi ZHe cost of
insulation increases considerably while the reduction in energy consumption is
only 47.94 mWh. Moreover, as per Dubai municipality regulatiob 2014)

0.30 is the recommended value fayof. Hence 0.30 will be taken as the
recommended value for optimal case.

It is also observed frorthatthe impact of U value on the roof is much more than
that on the wallsFigure 4.3 shows the energy consutign of building when U
values are appliednothe external wall ( marked Green ) and Roof ( marked
Blue). It can be seen that columns 2,3 and 4 have the same U value of around
0.30, but total energy consumption of roof is much lesser value than that of wall.
Similarly, in columns 5,6 and 7 the samaue of around 0.56 achieves a much
less energy consumption for roof.

It can be seen from case 1 and 7 in tabl&,4He same U value of 0.30 reduces
the energy consumption by4.15% and-7.54% on the external walls and roof
respectively. The totaxternal wall area is 6147mand roof area is 1835Frfor

the mall building. The total roof area is much gredateatmost 3 times than the
wall area. Is the impact on rooghore because the roof area is more? To find this

percentage reduction in energy samption per rhis calculated in Table 481
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Table 418 : Percentage reduction in energy consumption geéonwall and roof

Yearly Yearly energy | % reduction in
Obiti energy Total | consumption energy
ptions . .
consumption | area per m2 consumption
(MWh) (MWh /m?) per m?
External Base case 7406.80 1.205 Base case
Wall 6147
Case m? 0
1(U=.30) 7099.17 1.155 -4.15%
Roof Base case 7406.80 0.4036 Base case
18351
Case m? 0
7(U=.30) 6848.13 0.3732 -7.54%

It is clear from the above table that the same U value of 0.30 reduces energy
consumptionper nf by - 4.15% and-7.54% on the external walls and roof
respectively. So the effect on roof is much more than that of walls. This is due to the
reason thatt gets direct radiation from sun while the walls get the radiation at an
inclined angle. Hence more care should be taken for roof insulation without any

compromise to enhance the thermal performance of the building.
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# Mineral fiber board {20mm)-10

Fig 4.3 : U value analysis Energy consumption iMmWh for external walls and roof
(IES- Vista)
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Further observations from tablel6 :

1 The same material can give different U values when thickness is changed.(case
1&2, 6&7 - table 4.17). Similarly, 2 materials with same thermal condltt
such as Polyurethaneodrd and Dense EPS slab (cas416&10), can give
different U values by altering the thickness.

1 A particular U value could be achieved by using different materials and altering
their thickness.(cas&3, 7&8). Hence for thermaperformance, any insulation
material available easily in market could be used but achieving the desired U value
is the important factor.

1 Also it can be noted that adding a light weight metallic cladding on the external
wall does not affect the U value and hence thermal performance (nash.2&3).

1 Changing Uvalue does not have aejfect on light energy required (Table4.17)

45 Summary

45.1 Day light performance

Day light performance is analyzed in terms of lighting energy requimdtis section,
daylight performancef all variablestestedare summarizedThe different variables
analyzed in this research are Glazprgfile, LSG ratio, Roof ventilation, Number of
floors and U value. From the analysis in sectiof #.is seen thathe light energy
required for various casdested under roof ventilation, U value and LSG ratio is
2716.48MWh and it remains constant.eHce it can be inferred that these 3 variables

do nd have an impact on day light performance

The light energy required for the various roof profiles varies as shown in Hidice
It can be seen that light energy required for closed roof is highastisTibecause the
natural light coming inside atrium is null and in north light cases alsoaithigher
value because glazing area of north light cases is on@® of original vault
glazing area. Hence natural light penetrating into the buildingliscesl significantly
which necessitates the need fantificial lighting throughout whichn turn increases

light energy consumption.
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Fig 4.36 : Variable Roof profile Annual Light energy consumption

In case of flat glazed and vault roof profiles moagural light come into the building.

But the sensors in the building will cut off the lights when daylight illumination
reaches 500 Lux and hence lighting load wél much lesser in these 2 cases. In case
of north light & flat combined roof, lighting gaiis reduced by the small flat glazed
area which allows more natural light into the building hence the performance of this

roof is better than the other north light roofs.

For the variable number of floors, lighting energy required increases as number o
floors increaseThe overall energy required for lights increases from the base case by
6.87% and 10.95% in 4 and 8 floor lliilg respectively.(Table #9 and figure 4.3).

As the height of building increases the daylight reaching ground floor desraade

hence ground floor rooms will need more lights leading to higher light gain.

Table 419: Lighting energy required fd,4 and 8 floobuilding

Number of Floors 2 4 8
(base case)
Total Lights energy in Wh 2716.48 5700.71 11725.83
Lights energy per m2 in kWi 76.71 81.98 (+6.87%)|85.11 (-10.95%)
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Fig 4.37 : Variable Number of floors Annual Light energy consumption pe?m

Fig 4.38 shows thdight gain needed in the adjoining floors surrounding the atrium in
ground, first floor and second floor level ofiastoreybuilding. It can be seen that the
ground floor level needs much more light than that of the higher floors in a multi
storeyed builthg.
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Date: Mon 21/Jun

Lighting gain: Zons adjoin gf (tsq_optimal casa.aps) = Lighting gain: Zona adjoin ff (tsq_optimal casa.aps)

Lighting gain: Zons adjoin 2f (tsq_optimal casa.aps) == Lighting gain: Zona adjoin 3f [tsq_optimal casa.aps)

Fig 4.3 : Light gain in adjoining area in GF%1.2"4 3% floor for a 4 storeyed building
(IES-VE Vista )
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Further, as discussed in Sectio,4he energy consumption is reduced by 8.47% by
placinga dimmingsensor inside the building whicuts down the lights when the lux

level reaches the required value of 500 Lux. The base case model when simulated
without sensor and with sensor showed energy consumption reduction from 228.5
kwWh/m2 to 209.2 kWh/m2..e., 8.47% (Table 43). Hence from thisday light

analysis it can be seen that

1 Variables- LSG ratio, Roof ventilation and U valu® not impactday light
performance

1 Variables- number of floors and roof profiles have an effect on day light
performance

1 Lighting energy require increases as number of floors incredse., + 7%
and + 11% in 4 and 8 floors respectively).

1 Vault roof profiles followed by flat glazed roof gives the least lighting energy
consumption.

1 Sensors play a vital role in atrium in cutting down the arfitghting and

can reduce energy consumption by 8.47%

4.5.2 Overall performance

The overall performance of the building is analyzed in terms of its total energy
consumption and carbon emission. From the analysis of variables applied individually,
the percentage reduction obtained by applying the optimal \wdleach variable is
illustrated in figure 89. It can be noted sensor plays a significant role in the atrium
buildings energy conservation. The main purpose of having an atrium inside a
building is to bring in natural sunlight and utilizing this natural light for illuminance
and cutting down the artificial lighting by placing a sensdencesensor is vital in

any atrium building and it can reduce energy consumption by about 8.47%.

Next, U value plays a major role especially for the roof. The direct solar radiation on
the roof onthis hot arid climate, heats up the building to a great extent and this is
reduced by applying proper insulation on the roof, thus reducing the energy
consumption of the building by 7.5%ikewise, proper insulation on external walls

also reduce energy esumption by 3.61%.
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Fig 4.39: Percentage reduction in energy consumption obtaiyezpplying the

optimal valuefor each variable

The vault roof while compared to closed roof could reduce energy consumption by

3.75%. By increasing the number of flods 4 and 8, the energy consumption is

reduced by & and 5% respectivelyBut addition of floors will depend on

muni ci

roof glazing under favorable outdoor climatic conditions jgrides roof ventilation

pality regul ations

and cl i

ent

desi

reduces energy consumption to a small extent. Roof ventilation of 40% roof openable

area reduces

energy consumption by 1.30%.

LSG value of external glazing plays a minor role compared to other variables while

that of internal gizing does not have an impact on thermal performance. By providing

LSG value of 1.30 on the external glazing, the energy consumption is reduced by

0.66%.

The total carbon emission of the building is a derivative of the total energy

consumption and the pmntage reduction is same as that of reduction in total energy

consumption.
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Chapter 5

Optimal case Vs Base case
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5.1 Optimal case modéng and Simulation

Base case model is altered with different values for each variablsimuthted in
ApacheSim andhie results obtained is analyzesid best case value or the best
parameterfor each variable is arrived ,an the previous chapter. THellowing

values are taken as tbptimalcase values.

Sensori addition of sensors

Glazing profilei vault roof

LSG ratio of glazing for external glazingny value abové.30 andinternal
glazingvalue does not affethermal performance

U value of envelopé for external wall 0.57 and Roof 0.30

Roof ventilationi 40% openablarea

Number of floors§ when number of floors increased the performance improved.
But as discussed in sectiod£, most of the malls in UAE have a wide floor plan
and not more than 2 to 4 floors. Constructing higher number of floors will depend
on the municipality approval for that specific location anddhei ent 6 s desi r
Howeverfor optimal case analysis, all\&lues(2,4 and 8 floorspre tested to
analyze the impact on builditg) performance when all variables are changed

together

The next step involves modelling the optimal case with the best parameter for each
variable. So the base cad&S model is alterd into a G+3 buildingas shown in
Figures 5.1 and 5.ZThe roof profile for this analysis is not changed since the best
parameter for roof profile vault glazing is provided in the base case it<e@®. Value

of glazing and U value of envelope altered vdtlitable construction materialBigure

5.3 shows the construction template used in the building template manager for the
optimal case.In IES-MacroFlo modulethe roof goenable area is changed to 40% as
can be seen in Figure 5Bhensensors araddedin this optimal case modak shown

in Figure 5.5 in IES Radiance modwad simulatedFinally, the model is simulated

in ApacheSim with MacroFlo and Radiance link and the results are recorded.
Similarly the optimal values are applied to G+1 and G+7 iintmdeheck if height has

an impact on other optimal valuasd the results are recordddgures 5.6 and 5.7

shows the interior view of atrium in G+1 and G+7 model respectively.
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Figure 5.1: Kterior view ofOptimal casé&s+3 model (IESVE)

Figure 52 : Interior view of Atrium for Optimal casé+3 model (IESVE)

Constructions

Template Select construction
default Roof D
times sgure mall Intemal Ceiling/Floor  (Intemal Ceiling/Floor
times sgure mall - LSGvalues Exdtemal Wall pub32spb_57_case2

Intemal Partition 13mm plasterboard on 50°100mm studs at 400 centres -

Ground/Exposed Floor  |ground floor
Roof Light low-e double glazing (10+10) {2002 custom)case 2
Bdemal Window low-e double glazing (10+10) {2002 custom)case 2 -
Intermal Window Internal Window &mm clear
Doar al doar

Figure 5.3:Constuction template foOptimal cas€lES-VE Apcdb)

Egﬂ General Opening Types
I
@ Constructions TEGEEE . =
- Macroflol Raofiight [Roof opening 40 -]
m default External Glazing [Extemal window opening v]
@é Thermal Internal Glazing [Extemal window opening ']
1 Doar [Extemal window opening ']
4. LightPro
| (=] -. Radiance

Figure 5.4 Roof openable area settingli6S MacroFb for Optimal cas€IES-VE)
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Foom SensorlD Fuosition Direction OnfOft
[£M000001] zone & gf ZH000001:1 -104.867, -48.000, 5.228 0.00. 0.00,-1.00 oM
[ZMO00015] Zone adjoin of ZH000015:1 -104.775, -100.000, 5.228 0.00. 0.00,-1.00 oM
[£M000000] Zone Adrium ZH000000:1 -104500, -79.384, 21.675 0.00. 0.00,-1.00 oM
[ZMO0000E] Zone adjoin ff Z1H00000E:1 -102.000, -98.000, 10675 0.00. 0.00,-1.00 oM
[2MD00007] Zone lobby ZH000007:1 -104500, -134.724, 21675 0.00. 0.00,-1.00 oM
[2M000014] Zone adjoin 2f ZH000014:1 -104.000, -98.000, 16.228 0.00, 0.00,-1.00 oM
[2MB0001B] Zone adjain 3f ZMO0001E:1 -104.000, -38.000, 21.675 0.00,0.00,-1.00 oM

Figure5.5: Sensor settings in IES Radiarfoe Optimal cas€IES-VE)
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Figure 5.6: Interior view of Atrium for Optimal casé+1model (IESVE)

Sy

Figure 5.7: Interior view of Atrium forOptimal casé&s+7 model (IESVE)
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5.2 Optimal case Vs Base cas&nalysis

In this final research analysis stage, performaoicéghe base caswithout sensor
which is the asn-site caseis compared to the optimal case#ich has the best
parameter foeach variablepplied The overall perfamance is analyzed in terms of
reduction in energy consumpti@nd carbon emissionthe thermal performance in
terms of cooling plant load and dehumidification plant load ; the day light
performance in terms ofdhts energy reductiothat could be achieveid the tested
cases.Since the floor area of th& cases vary, the values are calculated pér m
Simulation results obtained in IB@sta showing the monthly breakup for the 3 cases

is shown in Appendix. The results are summarized in Tabl&

Table 51 : Comparison of results f@@ase case and Optimal cases

BASECASE VS OPTIMAL CASE G+1, G+3 AND G+7
OVERALL THERMAL E,’EE"F'SQITA
PERFORMANCE PERFORMANCE " ANGE
Ve Lokl Cooling Dehumid. Lights
. energy carbon
Options consumptio emission plant load plant load energy
2 2 2
o (whimd | (kgGozimp) | KWHIM | (Wh/m3) | (kwhim?)
Base case
~ | with no sensor |  228.509 118.596 235.121 42.369 89.764
5 (35413.45 )
& | optimal C
P 'Til ase 181.05 93.964 164.974 43.706 76.708
- 0, - 0, - 0, - 0,
(541345 | C2077T%) | (2077%) | (-29.83%) | (+3.16) (-14.54%)
Op“rgf‘r'Scase 182.336 94.632 157.612 43.093 81.982
- 0, - 0, - 0, 0, - 0,
(60536.14 17 | (2021%) | (2021%) | (:32.97%) | (+1.71%) (-8.67%)
Opt”gi'fase 183.842 95.414 154.527 42.946 85.105
- 0, - 0, - 0, - 0,
(137761520 | (1955%) | (19.55%) | (34.28%) | (+136) (-5.19%)

ResultsAnalysis:

Optimal values of all variables are applied together on the G+1, G+3 and G+7
building and compared with base case and the results are anaRaéxving

observations were made from the results

116



The results show thahe optimal cases when compared to the base maske|
reduces theooling plant load bybout30 to 31% andlights energyby 5 to 15% and
increases dehumidification plant load by 1 to 3%.can be seen that the overall
performance in terms of energynsmumption and carbon emissisnalmost the same.
i.e.,- 20 to 21%even though the number of floors vary from 2 to 8 floors in the 3
cases.Figure 5.8 illustrates theomparison ofpercentageeductionthat could be
achievedin cooling plant loaddehumidification plant load, light energnd yearly
eneggy consumptiorper nt area of the building.

M Base case with no sensor
Optimal Case G+1

B Optimal Case G+3
100 100 103 102 101 100 100 mOptimal Case G+7

100 -

79 80 80

Percentage %
un
=]

Cooling plant load Dehumid. plant load Lights energy Yearly energy consumption
(kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2)

Figure 58 : Percentage reductiaof resultsin base case VS optimal cases

5.2.1 Thermal performance

It can be seen from table 5.1 and figurd that the cooling load of building will be
reduced 36B4% in the optimal cases when all optimal values are applied. The
reduction is better when number of floors are increaddds is because the
compactness of the buildinghich is surface area to volumetio decreaseas the
number of floors increase. In hot climstevhen surface area to volume ratio
decreaseshe solar gain and the external conduction gain decreases thus decreasing
the cooling load of the building.

Similarly, it can be seen that tlikehumidification load performanaecreasesvhen

number of floors are increased. The increase in dehumidification load drops from
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+3.16% in G+1 building to +1.36% in G+7 buildifgble 5.1)Again this is because
the ratio of openable roof area to total voluraio decreases as number of floors
increase. This decreases the dehumidification |ddee performance of building with

more number of floors is better in terms of cooling and dehifinaton load.

5.22 Day light performance

The main purpose of Atrium is to bring in natural light into the building and to utilize
this natural daylightto reduce energy required for lightinhe sensors placed in
Atrium will cutoff lights when dalght illuminance reaches 500Lukience he day

light performanceof Atrium is analyzed in terms ofight energy requiredit can be

seen from table 5ahd figure B that the light energyeduces 14.5% in G+1 building.

As thenumberof floors are increased the reduction in light energy is only 8.7 and
5.2% in G+3 and G+7 building respectively. The performanceudéling with less
number of floors is better in terms of light energy since the penetration of the natural
sunlight is be#r when building height is less. As the height of building increases the
daylight reaching lower floors decrease, thus increasing the light energy required for
the building.

5.23 Overall performance

The overall performance is analyzed in termseafuction in energy consumptiamd
carbon emissianlt can be noted from tablkl thatalthough the cooling plant load

and dehumidification plant load is reduced as the height of building increases, the total
energy consumption of the building is almthst same in all 3 cases. This is due to the
fact that the light energy increasgben height of building is increased discussed in
section 5.2.2Hence the decrease in cooling load is balanced by the increase in light
energy. Thusve note that when optial values for all strategies discussed in chapter 4

is applied to the base caghe reduction in energy consumption is about 20%,
irrespective of the number of floors.

The total carbon emission of the building is relative to the total energy consuraption
discussed in section 4&hd the percentage reductionoptimal casds about 20%,

same as theeduction intotal energy consumption.
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Chapter 6

Conclusiors andRecommendations
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Chapter 6 : Conclusionsand Recommendations

This research focusses on the efficiency of the Atiiu@ mall buildingin context to

a hot arid climate andéhvestigates orhow its efficiency could be increased with
regardto its thermal and daylight performance. It also looks into the important
variables impacting the efficiency and the best values for each variable that could be
incorporated in the design of Atrium in a hot arid climate and thus saving on the total
energyconsumptionA literature review was conducted initialtg study the history

of Atrium, its characteristics, variables impacting its efficiency and the methodology
used by other researcheBased on the literature review, computer simulation is
identified as the best feasible methodology to investigate on this research question.
IES-VE Software is chosen faomputer modeling ansimulation

An existing Atrium in Dubai Timessquare centeshopping mall is selected for this
study. The existing parameterat siteare studied with existing drawings and site
visits. A virtual modelwith real dimensions and existing parametansl working

profile at siteis constructe in IES-VE ModellT module The weather data EPW file

for United Arab Emirates is loaded. The model is simulated inAgR&heSim
module and the results are recorded. Then this base case model is altered with one
variable at a time, keeping all other variables constant and thernasahs before

and the results are recorded for each case. In the data analysis stage, the results are
analyzed with their energy consumptiamoling load, dehumidification loadight

gain andcarbon emission and alsolar gain, external conductiogain infiltration

gain and Macrole gain wh& necessary.The optimal parameter/value for each
variable which gives the most efficient energy consumpisomanalyzed Next an
optimum case model is constructed by applyingapimal values of each variabte

the base casé+1 model These optimal values are applied to G+3 and G+7 models
also to check whethéreight has an impact on other optimal valaed the results are
recorded.These 3 optimal case models are simuladed their performance is
recorded fo analysis.In the final research analysis stage, thermal and daylight
performance for the base case without sensor which is timesite case is compared

to the optimal casesThe reduction in energy consumption, cooling load,
dehumidification loadlight energyand carbon emission that could be achieved by

applying the optimal case is studied.
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Hence this research analyzes ffe¥centage reduction in energy consumption of the
building achieved by each variableptimal values for each variabend the met
effective variable or strategy that could be applied ird#sgn anatonstruction of an
atrium in a shopping mall in a hot arid climated thus answers the research question

that were put forward initially.

6.1 Conclusiors

Glazing profile, Number of floors, LSG ratio of glazing system, U value of envelope
and Roof ventilation are identified as variablegpactingthe efficiency of atrium in
terms of its thermabnd daylightperfomance and analyzed in this researthe

following conclusions were arrived from this research.

1 [Initial analysis revealed that the placement of a dimming sensor inside the building
which controls the lights when room illumination level by day lighting goes above
500 Lux reduces energy consumptiordacarbon emission by 8.47%.

1 Variable roof ventilation was tested with openable roof which functions under
comfortable climatic conditions outside.e., outside dry bulb temperature <@2
and outside air humidity 80 %. It was found that as the openable area increases
bringing more cool and humid air in winter, the latent dehumidification plant load
increases due to humidity of air while the cool air decreases the sensible cooling
load. So the cooling plant loaddqgs decreasing while dehumidification plant load
keeps increasing and at 40% openable area, they reach a point where the energy
consumption starts to increase.

1 The difference in energy consumption between a modeldyithmic openingnd
one with 40% opeable area is only 0.09% of total energyonsidering this
negligible reduction andhe cost for automated controls for dynamic opening,
40% openable area which reduces energy consumption by 1.30% is taken as the
optimum value for roof ventilation openalaeea.

1 Variable roof profile was analyzed by changing the original vault roof with 7
different options including north light, flat glazed and closed r&Hult roof
followed by flat glazed roof profile gave the best performance in terms of energy

consumpbn. Although theircooling plant loadand thus system energy was
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highest due to high solar gaifieir final energy consumptionaslowest. This is
because ofeduction in lighting load due to more natural light comingHence
whensystem energgndlights energyvere added, their totainergy consumption

was the lowesamong all the roof profiles testeflimilarly, althoughthe cooling

plant loadwas lowest for closed roof and North light caséseir final energy
consumptionwas highest This is becase natural light penetrating into the
building is reduced significantly due to null roof glazing area in closed roof case
and only 2840% of original vault glazing area in north light cademnce
increagng artificial lighting needed. Fally when syste energy and light energy

is added up, the total energy consumption goes much hidihisralso noted that
providing a vault roof instead of a closed roof can reduce energy consumption by
3.75%

Variable LSG ratio of glazingvas analyzed for interdaglazing and external
glazing separatelyOut of all variables tested LSG ratio has minimal impact on
energy consumption. LSG ratio above is3¥ecommended for external glazing
(external window and Roof light) and it wileduceenergy consumptiorby
0.68%. For internal openingshangingL,SG valueof glazingdoes noaan impact.

It is also noted that different glazing materials can give the gmmiermance if

their LSG value is same. Since LSG = VT/ SHGC, a material with high visible
transmittance or witlow SHGC can be chosen depending on site requirements.
Variable U value of envelope testedhalues ranging from 0.18 to 2.39 for the
external walls and roof separately.was noted that the lowest U values tested
gave the best performance and U value of 0.57 for external walls improved
performance by3.61%. and 0.30 for roof improved performance-b%2%. But
considering that the cost of insulation doubles to achieedawest U value and
that the recommended value according to Dubai municipality regulations is 0.57
for external wall and 0.30 for roof, 0.57 and 0.30 are taken as the optimal values
for external wall and roof respectively.

It was noted that the impact bf value on the roof is much more than that on the
walls. So more care is to be taken for good roof insulation.

Any insulation material available easily in market could be used but achieving the

desired U valudby altering their thickness the important factorAlso it was
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noted that adding a light weight metallic cladding on the external wall does not
affect the U value and hence thermal performance much.

Variable number of floors was tested with 2,4,8 flodss the height of building
increases the daylight reaching ground fldecreasedeading to higher light gain

in lower level floors but @ernal conduction gain and solar gddacomedesser
leading to reduction in cooling load. Hence a building with more number of floors
reducs energy consumption by 5% in a G+7 building and 3.5% in a G+3 building
when all other variables are constant.

Optimal values obtained for each variable where applied together to the base case
G+1 model and also G+3 and G+7 models to analyze its impabuitoings
performance when all optimal values are applied togethevas noted that as
height of building increased, the performance in terms of cooling load and
dehumidification load increased but in terms of lighting load, the performance
decreasedlhe performance of cooling load and lighting load balanced each other
and when they were added up for final energy consumption, it was noted that the
percentage reduction achievedalmost the same value of about 20% in all 3
cases, irrespective of the number of floors.

The energy consumption of base case is 228.5 kWh/m2. The energy consumption
finally achieved after applying optimal values is 181 kWh/m2. Thus about 20%
reduction inenergy consumption is achieved in this research by applying all the
optimal values for the variables. This percentage reduction will depend on the base
case which is being analyzed and it may vary according to the base case
conditions.

The total carbon eimssion of the building isa derivative fromtotal energy
consumption and the percentage reduction wilhleays thesame as that of total
energy consumption

By applying all the optimal values, 20% reduction is achieved in this research. It is
also notedhat when all strategies are applied together on a building, the effective
reduction in energy consumption achieved need not be equal to the sum of
reduction achieved when the strategies are applied individually due to the effect of
variables on each othe

Thus it is concludedha a final energy consumption d81 kWh/m2 could be

achieved by applying optimal values.
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6.2 Recommendations

6.2.1 Recommendationgor an optimal Atrium

This research aims to arrive at optimal values for each varitide percentage

reduction in energy consumption of the building achieved by each vadaabl¢he

most effective variable or strategy that could be applied in the construction of an

atrium in a shopping mall in a hot arid climate. This will help the desggrbuilders

and promoters to incorporate atrium in their buildingsa more effective way and

thus enhancing the buildingdés efficiency.
comply with some basic standards, it will increase the buildings efficiandyan

efficient atrium in a building saves on the total energy consumption of the building

thusplaying a significant role in the total savings on the energy consumption in UAE.

Out of all the strategies tested, placing a sensor inside the building can reduce energy
consumption by 8.47% and is noted to be the most effective strafeggxplained

earlier the main purpose of having an atrium inside a building is to bring in natural
sunlight for illuminance. Unless artificial lighting is cut down by placing a dimming
sensor, the purpose of natural daylight through atrium will go waste. Hence sensor is
vital in any atrium building and it could be incorporated into the building legker

effort than the other strategies

Next, U value plays a major role especially for the roof. The direct solar radiation on
the roofin this hot arid climate, heats up the building to a great extent and this is
reduced by applying insulatiosf U value 0.570n the roof thus reducing the energy
consumption of the building by 7.5%. Similarly insulation on external weills U

value 0.30can reduce energy consumption by 3.61%hese U values could be
achieved by choosing any locally available ingotatmaterial in the market and

changing its thickness to achieve the particular value.

Providing automated roof opening with 40% openable area which opens under
favorable climatic conditions can save energy consumption by 1.88%.value of
external glamg plays a minor role compared to other varialples/iding a reduction
of 0.66% onlywith a glazing of LSG ratio 1.30 on external walls and nebiie that

of internal glazing does not have an impact on thermal perform@mze LSG = VT/
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SHGC, a mateal with high visible transmittance or with low SHGC can be chosen

depending on site requirements.

Application of all above mentioned variables together can reduceetieegy
consumption of Atrium by about 20%, irrespective of the number of fldorthis
research the roof proélof base case is vault roehich is the best parameter. Hence

it is not changed in the optimal case. However, a vault roof while compared to closed
roof could redue energy consumption by 3.75%. Finally, by applying hése
optimal values the energy consumption of atrium building can be brought down to
181kWh/m2

6.22 Recommendationdor future study

This section recommends the scope for further study in the field of affium the
literature review conducted, geeiry of atrium was identified as one of the variable
impacting the atriur@s efficiency. The well opening size could be altered and further
research done to studlye optimal value for this variable.

Different forms of atrium are defined by the number iofes the atrium abuts the
building namelyone sided, two sided, three sided, four sjdexclosedor linear
atriums The atrium analyzed in this research is a four sided or enclosed atrium. The

other forms of atrium could be studied in further research.

This research is done specifically for a shopping mall situated in a hot arid climate.
Further studies can be conducted with the same virtual model but in different climatic
zones to analyze the modifications that should be adapted for the various estrategi
studied.

Many of the malls nowadays have multiple atriums within their interior space and

further study could be done to analyze their impact over one another.

Indoor plants and water features withve an impact othe micro climate inside the

atrium. This study could be extended to analyze that aspect of design.

This research is done on an Atrium in a shopping mall. Usually, shopping malls have
large open spaces, i.@.large adjoining arearound the atriunand showroomsvith
mostly open or glazeftontagesBut other building sectors such as Office toward
Residentialtowers and health sector buildings will be planned mostly with closed
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rooms around the atrium. The research could be continued for other building types to

find the best design pameters.

Finally, this research concludes thawvall-designed atriunin a shopping malWwith
optimal values for the variables can lower the energy consumiatia81 kWh/m2.
Atrium being one of the common design feature nowadays in rcatiscontribute
much to the energy savings of that region if properly designed. This implies the need

for further research in the field of atriums.
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APPENDIX A

ASHRAE standards for energy calculations

Heat gain from people in conditioned spaces (from ASHRAE Handbook of Fundamentals, Chap. 26, Table 3)

Table A.1 :People gain Latent and Sensitive gastandards(ASHRAE )

Total heat, W”
Adjusted Sensible Latent
Degree of activity Typical application Adult male MIFIC! heat, W" heat, W*
Seated at theater Theater—matinee 115 95 65 30
Seated at theater, night Theater—evening 115 105 70 35
Seated, very light work Offices, hotels, apartments 130 115 70 45
Moderately active office work Offices, hotels, apartments 140 130 75 55
Standing, light work; walking Department or retail store 160 130 75 55
Walking, standing Dirug store, bank 160 145 75 70
Sedentary work Restaurant? 145 160 a0 a0
Light bench work Factory 235 220 &0 &0
Moderate dancing Dance hall 265 250 g0 S0
Walking 4.8 km/h (3 mph);
light machine work Factory 295 295 110 110
Bowling® Bowling alley 440 425 170 255
Heawy work Factory 440 425 170 255
Heavy machine work; lifting Factory 470 470 185 285
Athletics Gymnasium 585 525 210 315

Mote: Tabulated values are based on a room temperature of 24°C (75°F). For a room temperature of 27°C (80°F), the total heat gain remains the same but the
sansible heat values should be decreased by about 20 percent, and the latent heat values should be increased accordingly. All values are rounded to nearest

5 W. The fraction of sensible heat that is radiant ranges from 54 to 60 percent in calm air (¥ =< 0.2 m/s) and from 19 to 38 percent in moving air

(0.2 < V= 4 mis).
“Multiply by 3.412 to convert to Btuh.

‘Adiusted heat eain is based on normal percentaee of men. women. and children for the aoolication listed. with the postulate that the eain from an adult female

Table A.2 :Occupancy arestandards (ASHRAE )

To converimperial to metric system, ud®.76 sq f&= 1m2
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