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ABSTRACT

ENERGY PERFORMANCE OF SMART BUILDINGS: SIMULATING THE
IMPACT OF ACTIVE SYSTEMS AND PASSIVE STRATEGIES

Teti k, Bujra
M.Sc. in Building Science, Department of Architecture

SupervisorProf. Dr. Soofia Tahira Elia®zkan

March2014, 119 pages

Energy efficiency is one of the most important attempts in the waelthuse of
various environmental, economical and developmental aspeetergy In this
context,energy performance of buildings has been a critical issue since buildings
constituteapproximately half of total energypnsumptionThe concept of smart
buildingwhich has been attractive recenttpntributes to the issue with smart
technologieswhile some passive design techniques which have been used

throughout the history are stilpplicable for energy saving.

Thestudy aims to evaluateot only comparative impact of technological devices and
traditional methods, but also energy saving potential of feehocations where

heating load is dominaniVhile researching impacts of var@active or passive

building components to energy efficiency, the study not only focused on heating load

reduction but also lighting electricity saving by use of daylight.

Selected various active systems and passive strategies is tested coasbase
modue, which is a flat in an existing residential tower in Ankdrathe help of
computer based energy simulatioBgstems and strategies are selected in the light

of literature by considering wide availability in markieuring the process, three



series oSimulation variations including fortiwo different scenarios are tested.
Only active systemis tested in the first series aadly passive strategies in the

second. Finally, impact of using both active systems and passive strategies together
is testedn the third series.

Keywords: Energy performance in buildingjsermal simulation, active systems,

passive design strategjesnart / intelligent buildings
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CHAPTER 1

INTRODUCTION

This study concernsmart buildings in terms of energy performance by focusing
effectof passive strategies and active systdmghis chapter, thargument
objectives of the study arashort summary girocedureare presentedhe chapter
concludeswith adispositionof following chapters.

1.1 Argument

Energy efficiency phenomenehich is one othe most important issudsasbecome
a necessityather tharanalternativeas a result of econonalt; develgpmentaland
environmental issudacing the World Energy performance of buildings is critical
since buildings constitute approximately half of total energy consumption in the
world (Wigginton & Harris, 2002).

On the other handhe concept of smart building (SB) which is also known as
intelligent building (IB), has been attractive olastfew decadessincepeople have
become familiar with therwhile varioussmart buildingsnd techologieshave been
introducedWang, 2010). Smart buildings involve advanced solutions for not only
communication netwosk facilities managemensecuity and safety but also energy
performance of buildingAlso, thesmart building concept idaimed to be adaptable
to humameeds and environmental changes as welBag) cost dfective and

energy efficient by employingarious complicated adaptive and responsive

intelligenttechnologies.



While intelligentactivesystemgecentlyhave becme popularwith changes and
developments in technologyassive design strategies have been used in buildings
throughouthe historyWang (2010) discusses what makes a building smart in
reality. The author mentiorikatbuildings which can be accepted as smart may not
imperatively haveechnological systems, since buildings whigtreconstructed

long time ago provided quite smarbpertiesAlso; the authorlgres with the
impossibilityof beingsmartwithout havingtechnology in the contexif modern
building environmentwhile beinghighly equipped with technology is nam
assurancéo achieve amartbuilding.

Active systems are the mechanical elementstetligenttechnologies that perform
selfadjustment acading to internal and external environmetd achieve comfort
conditions by using minimum energy. Passive strategesh areapplied during
early design process to satisfy comfmwhditionsaccording to climatic and
contextual necessitiese design sategieswithout mechanical deviceBothtype of

building components have affect on energy performance.

It is obvious thasmart buildingswhich area combination of complex architectural
andengineering solutions, requiam interdisciplinaryeam work and design
approachto find the right combinatiorintegrated building design (IBDYyhich is a
nontraditional collaborative approabhs been encouraged byited States
Department of EnergfDOE) and United Nations Development Program (UNDP).
Whole-building approachwhich is the key ofBD, considers a facility as an

interdependent system rather than as separate components (DOE, 2011)

In addition Sinapoli (2010xlaimsthe existence ofctivesmartsystemsn agreen
building will have positive effect on energy performancélso according td&Vang
(2010) active and passive possibilitisBould be handletbgether whiléntegrating

intelligent technologies with antelligent build form

On the other handhere is a misunderstandititatmechanical anahtelligent
technological abilities liberatiae architect from working on sustainability and
energy performandssuessinceactive systemsitegratednto the building at the
end carprovideenergyefficiency by defaultA survey dondy Moghaddam (2012)
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points out that professionadls Turkeytend to evaluate SB concept with level of
integrationand integrated technologiesthough SB concept covers energy
efficiencyissue and requires whekiilding approachin addition variousfirmsin
current market structur@sserenergy saving up to 40 by just using integrated
technologiest the endut there is no evidence and it is not clear in which trasse
integrated systems brimgaximum performanc# they really achieve such a

SUC@SSs

As an inferencetiis important to understariderelation not only between energy
performance and its indicators but also between interdependent systandeto
design decisions appropriatelyhere is 8ll lack of knowledge and studies this
field. To find out andcomparampact of active systems and passive stratedies
necessary in order generateight combinatios for energy performance sfmart

buildings

Theproblemdiscussedin this study ishow muchearlyarchitecturabesign
decisions (passive strategie$fective on performance of a buildinganintegrated
intelligent technological devices (active systetmssufficient by oneselbr is it
better to make an optimum combination of active systems ast/pakesign

strategieghroughout the projechybrid).

1.2 Aim and objectives

The study aimso find outclues forappropriate usef SBcomponentdy focusing
on relation between passive design strategies which are decided in the early design
stages and active systems which can be integratedifateder to achieve this aim,

followings arethe objectivesof the study

e Determineactive component®r energy efficiency irsmart buildings

e Determinepassive strategies;

¢ Evaluateactive systems, passig&ategies antheir hybrid usagen smart
buildings todetermineheir influence on building performance for locations

where heating load is dominant
3



1.3 Procedure

The studyfirstly, contains a literature survey to find out active and passive
components for energy performarafebuildings Survey contains background
information, definitions of SB concept, active features and passive strategies for
energy performance, conducted studies on this sul§ecaondlypasecase module

is designed to evaluaenergy performance according to Ankar@athercondition

and regulations. Active, passive systems and hybrid usage of themmalagted with
computersoftware At the last stage, simulation results of different alternatives and
scenarios are comparachong each other in terms of energy performance.

1.4 Disposition
The report is composed of five chapters.

First chapter introduces the subjecstfdy including its argument, aim and

objectives with procedure of study and disposition of the report.

Second chapter includes literature survey and prebetorical background of SB,
definitions of SB concept, active features and passive strategies for energy

performance, similar or related previous studies on this subject.
Third chaptepresents the method of the study.
Forth chapter evaluates resultssohulations and includes discussions.

Fifth, the final, chapter presents the conclusion derived from literature and result

evaluation.



CHAPTER 2

LITERATURE SURVEY

In this Chapter, a survey of literature regarding the subject of the stpisented.

It contains relevant information about @nergy performance in architecture,

(2) smart buildings, (3appropriate use of intelligent technologies in smart buildings
(4) active systems for energy performance of smart buildings, upadgSive design
strategies in cold climates. Moreover, a critical review of literature is given ahthe

of this chapter.

2.1 Energy performance inarchitecture

Historically, awareness abothe relation in between buildings and environment
datesbackto the writings ofVitruvius. Also, there have been buildings whialere

designed and constructed with an environmental cons@sahrougout history.

Awareness about energy performance in architecture in this century mainly depends
on two overlapmg issues which arerelated with environmental, economical and

developmental aspects: global warming and oil crises.

It can be said that industrializatited toa memory loss and environmentalgnition
was ignoredAs a result oenvironmental damage rd8ng from rapid urbanization
and industrialization in the late nineteenth centagplogicalimpad of buildings

bea@meamore widely debatesueduring 1960s and 1970shich is also marked

as beginning of ecologal design as we know it today/{gginton & Harris, 2010).



The authors also agree thatates on global warming forceduserenewable
energy sourceas aralternativeinstead of fossil fuels and encouraggdficient use
of energy in ordeto decrease energy consumptamd greenhouse gases emission

the world

United Nations (UNhas taken the lead to cope with climate chambere are 192
parties includindzuropean Union (EU) arall UN members except Andorra,

Canada, SoutBudan and United States in Kyoto Protd@d®) which is an
international treaty aiedto set binding obligations on industrialized countries to
reducegreen house gaséGHG) emissionsFor example;European Union (EU) has

a target, callethe20-20-20 target, for a 20% reduction in GHG emisdiam 1990
levels, a 20% improvement in energy efficiency and raising the share of renewable

sources in energy consumption up téa@mntil 2020

On the other handhterest inenergy efficiency isssemerged and rapidipcreased
aftertheoil crises. Tls crisis, in the1970s contributed to raisg conceris about the
future of fossil fuels for energy but in terms of price and security of supply rather
than an ecological mann@tigginton & Harris 2010).Energy efficiency issue
became one of mosmportant attempts for this century as a result of increasing

energy demand and limited energy resources.

A counter argument by Weisman (200&nindsmany examples from all over the
world to claim that people are fighting with nature rather than livirar inith it.
The author mentions the effort given to protect New York City subway stations from
underground water and if the effort is given syphbway will be out of order in half
an hour. Also, the author mentions Higgime Park whichwasformerly part & the
New York Central Railroatracksis now designeds apark becausthis elevated
track started to be covered bggetatiomaturally aftethetrains stopped running
there in 1980and people started to useas a parknuchbeforeit was formally
desigred and converted into a public paBimilarly, the authogivesmany
exampledo mentionthe powewhich is able to retrievabandoned placds/ nature.
In the light of examples from all over the world, Weisman (2007) states that when
peoplewill disappear, the world will recover naturally in tifbe original state
According to the author, durirthe processnanmade structures will collapse

6



because of their materials and grestwill cover abandone@ones, problems in
system such as air pollutipwater and earth pollution will be cured and so on. As a
result, there is no need to be worry about the world, as the gudimbs ouf all the
effortsbeing expendetbr sustainabilityareactuallyfocusedat sustaing thecurrent
artificial world order. In other words, peopeetrying to cope with problesthat

the world is faced witln orderto survive.

Even the problem is related with oil crisis or global warming and susceptibility to
save the world or surviving; isithe fact that there is a problem and it is crucial for
not only naturend humanityut also politicsand economy as long as the world

survive

In this worldwidequest for equilibriumn theenvironnental and economical aspects
of energy,Turkey acceded to the KBut hasmadeno emission reduction
commitmentAlthough Turkey has the lowest per capita GHG emissions in Europe,
emissions in Turkey almost doubledbetweeri990 and 2007 as a result of

economic and demographic developmentAEED11).

In addition,a report published by World Energy Council Turkish Member
Committee (WECT) in 2012 points out that energy import which costs 54 billion
dollars constitutes 23% in total import of Turkey2011 Also energy demand of
Turkey increaseapproximately 5% every year (ETKB0Q13).Dependence on
foreign sources causes economic and political difficulties whié gfenergy

consumption in Turkey is suppli¢hdroughimports (WECT, 2012).

Energy efficiency in architecture is critical sinagltdings consumeapproximately
40% of total energy in the world (UNERQQ9. It is similar in Turkeywith 35.4% of
total energy consumption lipuildings (ETKB,2013. Figure2.1 shows shareis
total energy consumption for 2012 in Turkey according to flata Republic of
Turkey Ministry of Energy and Natural Resources (ETKA3$0 a continuous

increase in energy consumption of buildings is expected (IEA, 2008).

While buildingsd energy consumption cons:!
consumption with 2,900 Mtoe, emissionsdi ngs o

were 8.8 Gt i.e. 33% of the total G@&missions in 2005 (IEA, 2008).
7
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The report published by IEA in 2008 states ®ifo of total direct and indirect

emissions in building sector depends on electricity and heat consumption, while coal,
oil and natural gas makes 38% in 2005. Also the report mentionsniiaty
consumptionn residential sector is more than three times as high as in commercial
sector inthe world,while difference is less remarkable in OECD countries with
commercial buildings consuming 459Mtoe (39%) and the residential buildings 721
Mtoe (61%).

Electricity consumption in Turkey, 2011
by sectors

" Industry 47,28%
M Buildings 44,10%
" Others 4,43%

M iiumination 2,14%
" Irrigate 2,05%

Government
offices

6% oo
207 aato 5 AT

Figure2.3: Electricity consumption in Turkey (TUIK, 2012).

Buildings sector has 4#0% share on total electricity consumption in Turkey where
residential sector has 23.79%, commercial sector has 16.40% and government offices
has 3.91% share on total dlégity consumption in 2014&s seen in Figur2.3

(TUIK, 2012).

The highestcosteffectivesavings pantialis available in the residential and
commercial buildingsector partly as a result ots large shre of toal energy
consumption (EC, 2007As seenn Figure 2.4, estimatecenergy savingotentialfor
2020is around91 Mtoe for residential and 6®1toe for commercial buildinggn EU

according to European CommissiC) report published in 2007.



A report published by DOE (2008) statBattspace heating is the most important
consumption indicatan residential buildingsvith responsibilityfor 30.7% of total
energy consumption while lighting is the most important in commercials. Space
heating, space cooling and water heating constitates than half in residential

sector while lighting, space heating and space cooling constitute more than half in
commercial sector as seenfigure2.5.

Energy Energy Energysaving | Energy saving
Sector consumption consumption | potential2020 | potential 2020
2005 (Mtoe) 2020 (Mtoe) (Mtoe) (%)
Households
(residential) 280 8 o o
Commercial
buildings 157 211 63 30
Transport 332 405 105 26
Mapufacturing 297 382 95 25
industry

Figure2.4: Energy saving potentials by sector (EC, 2007).

Residential Primary Energy End-Use Splits Commercial Primary Energy End-Use Splits
U.S. - 2005 U.S. - 2005
3.8% 4.7%* 5.5%*
1.1% Other
Computers
4.5%

Cooking

4.8% 204 13.2%
Wet Clean GCooking Other
7.4% i .
Electronics
4.1%
7.5% Refrigeration 14.2%
Refrigeration Space Heating
6.3%
11% Electronics
e 6.8%
Water Heating

6%

Ventilation

Figure2.5: Energyconsumption by use (DOE, 2008
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In order to describthe efforts needed to reduce £€nissions and energy
consumption, IEA developed some scenanwbgh explore different technological
pathways to reduce emissions and energy consumptimmparison wh baseline
scenario which forecatite businesssusual situation in absence of policy change.
There are two main grospf scenarios; first one is the AGnap scenario which
returns CQemissions to 2005 levels by 2050 with the help of technological
developments and second one is the BLUE map scenario which is more aniitious
order to return emissions at 50% of 2005 levels by 2050 with the need of higher

investment costs and greatervd®pments in technology and policy.

- 1400 Cooling
‘29 1200 and ventilation
P Water heating
£ 1000 Lighting and misc.
O G
® Space heating
> 800 — -
o Appliances
E 600 and misc.
M Cooking
400 — M Cooling
B Water heating
200 — M Lighting
0 M Space heating
Residential | Services Residential ‘ Services
ACT Map BLUE Map

Figure2.6: Energy saving potentiais different scenarioby use (IEA, 2008).

The biggest energy saving potential for residential sector lies in space heating, water
heating and appliances (IEA, 200Bpwever,space heating arjhting provide the
highest energy saving opportunity for commercial sector (IEA, 2008), Figore

2.6 shows that residential buildings have more energy saving potential than

commercial buildingsis parallel td-igure2.4
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2.2 Smart buildings

The world is facing some challenges and opportunities as a result of changes in
society and techology (ClementsCroome, 2004). \Wile changes in technology and
society are shaping our futytbe important point is new buildings shole
appropriate to respond for all issues which come wigdngbhgClementsCroome,
2004).

It is obvious that energgsue basicallyarising from industrializatiorhas vital role
on economydevelopment and environment. On the other hartdlligent
technologies and buildings give an opportunity to the pesadrsocietynot only for
efficient use of energy but al$or shiftingfrom being consumer to producer.
Challenge on energy may turn to an opportunity for better life and better witrld

this perspective.

2.2.1 Definition of smart buildings

In order to cope with a potential confli®/igginton & Harris (2002)nention the

term O0intelligent 6 infld0s ard thenlittas hegrs 1 s

used

accompanied by édsmartd which is an Ameri

abilities in materials, structures and buildings.

ClementsCroome (208) defines smart buildings as the one thauistainable,
healthy,and technologially aware in order tgatisfytherequirement®f usersand
businessvhile dealng with changs in environment alseing flexible and adaptahle
The author mentions thaaickgroundf smart buildingsonsist ofsustainable issugs
social changand technological developments includinfprmation and

communication technolags, robotics, smart materials.

Smart building which should be sustainable and energy efficemployadvanced

andintegrated building technologies suchbasiding automatn, life safetysystems

security systemsgacility managemensystemstelecommunication systems amsker

systemsn orderto allow managingouilding or space according to neexds

occupantdy providingadaptable information aboundividual spaces, or entire

building (Sinopoli, 2010)Economics, energy and technologre defined adriving
12
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forces for smart buildgs by the authoSmith (2002) mentions adaptability and
responsiveness as measure of intelligeMoassef (2005) meidns components of
intelligencein Figure2.7.

[ Components of Intelligence ]
il B
( The internal world: N ( The external world: N[ The integration of both h
cognition perception and action worlds through experience

* Processes for deciding what e Adaptation to  existing e The ability to cope with new

to do and how well it was environments situations

done e The shaping of existing ¢ Processes for planning and
¢ Processes for doing what environments into new ones setting up goals

one has decided to do e The selection of new e The shaping of cognitive
e Processes for leaming how environments when old ones processes by external
\ lodo ) \_ prove unsatisfactory ) L experience y

Figure2.7: Components of intelligence (Youssef, 2005).

According to Wong &.i (2008), SBs with help of the interaction between systems
flexibly respond to user requirements and changing condiWasg (2010hgree

that smart buildings should be adaptable in response to internal or external cendition
and changing demands ofeus.

Wang (2010) mentions that many definitidresszebeenput forthduring last two
decades, but what an SB contains is changing while building industry and
information technologies have been developing. The author categorizes definitions
in 3 groups irorder to make clear understanding of the conbgphentioningthata

unique conceptionannot be formulated easily

e Performance based definitions
e Service based definitions

e System based definitions

Wang (2010) refers to Intelligent Building Institute (IB1)the United States which
state performance based definition for smart buildings dsuitéing which satisfies
four fundamental demands: structure, system, service and management, and

optimizing their interrelationships in order to providdighly effcient, comfortable

and convenient environmerithe author noted that performance based definition
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highlights building performance and the needsadfupantsather thartechnological
featuresand systems.

In order to describe servidmsed definitionvhich definesSB by focusing on
servicesandbr quality of serviceshat SBs includeWang (2010) refers to The
Japanese Intelligent Building Institute (JIBIhich states SB as the one wigatures
such agzommunication, building automatiooffice automationefficient
management, services to useesctionto thechangan environmenflexibly and

economicdyy.

Wang (2010) describes system based definftiom the perspective of the
technological featuresnd systemprovidedandoptimalintegration othem with
structure, service and management to proeitieiency,conveniencecomfortand
safety tooccupantsWhile the authoagrees with the general opiniothatit is

difficult to suggest unique definition for smart buildingke states that it is not
necessary to define it in a standard foasmithemportant point is to understand how
to make a bilding intelligent in reality. According to the author, what makes a
building smart isiot integration of technologyut theevaluaton criteria should be

thequalities which are achieved withe application ofechnology and strategies.

Himanen (2004) agree with thidwe definition of smart buildings is not unique or
standardThe author points owtix highlights in the light of various definitiorvghich
are usedor practical purposes within research, education and the construction

industry:

e The need of building owners and emskers

e The integration of building systems

e The integration of sophisticateg@rational environment with building
architecture, structures and systems

e The importance of advanced technology and economics

e Concerns over the building life cycle and the necessity of flexibility in
changing economy and as a result of globalization

e The inportance of including sustainabilithuman and ecologicah the
concept.
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Table2.1: Definitions, proposals and viewpoints of architectural intelligence

(Youssef, 2005).

Terms Definitions and Conceptions
Intelligent Creating a convenient microclimate, and exploiting free energy resources (20)
Architecture

Bringing together three main spatial environments: mind. world and networks (13)

Smart Architecture

Green, and environmentally oriented (18)

Durability. self-generating energy. scarcity. and symbiosis with nature (17)

Green solutions and sustamability (19)

Smart Communities

Information technology. economic development. job growth. and quality of life (4)

Intelligent City

Emergency management via telecommunications technology (21)

Promoting broadband and telecommunications technologies (15)

Smart Cities - Soft

Linking 1solated 1slands (14)

Cities Tele-served, e-topia lean-and-green. soft cities (7)
Productivity and personal environmental control (9)
Intelligent Buildings | Self-knowing, deciding and responding (11)
(IBs) Lowering cost. and cabling for future expansion (6)

Sensory-motor adaptation to support life (22

Information technology. environmental quality. and building performance (23)

Automation, telecommunication technologies. and responsiveness to changes (10)

Self-adaptation. environmental control, users’ comfort, and saving energy (24)

Using the technology. the environment. and individuals as controllers (25)

Inhabited by intelligent beings (26)

Environmental control. information technology. and users” participation (27)

Automation, lowering cost. users” participation, and productivity (28)

Automation, and responsiveness to environmental changes (29)

Flexibility (30).G31)

Management and communications systems (3)

A part of the worldwide telecommunication network (16)

Building within a sustainable built environment (32)

Promoting broadband and telecommunications technologies (13)

Installing intelligent systems: energy efficiency, life safety, workplace automation,
and telecommunications systems (33)

Sustamability, automation. and responsiveness to environmental changes (35)

Buildings are designed and constructed based on an appropriate selection of °
Quality Environmental Modules™ to meet the user’s requirements by mapping with
appropriate building facilities to achieve long term building values™ (34)

Ecological energy. avoiding non-renewable resources. recycling. understanding of
topography. and cost awareness (36)

Self-knowing. anticipating behavior, self-adaptability, comfort. and saving energy

G7)

Network cabling solutions. and environmental adaptability (38)

Installing the four-Cs: computer, control. communication and CRT graphic display
technologies (39)

Cabling solutions (40).(41)

Automation, and mstalling the four-Cs (12)

Telecommunications technology (42)

Sustainable future (43)

Smart Innovative

Hardware. architectural elements. and connectivity to globally linked places (7)

Places
Intelligent Facade — | Responding to environmental changes. and automation (44)
Skin — Walls - Responding to demands and environmental changes (45)
Building Envelope | Responding to the environmental changes 37)

Intelligent Energv

Appropriate renewable sustainable energy: PhotoVoltaic (PV) as an example (46)
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Main attributes that a smart building should have are determinAtklyy(1988) in
threepoints

e SBsshould"know' what is occurring inside and immediate outside.
e SBsshould"decide" the most efficient way to providequiredenvironment
for theusers

e SBsshould"respond instantly totheneed of users

ClementsCroome (2004) and Wigginton & Harris (2002) agree definition of smart
buildings has been changing and improving since the term is put forward in
literature, as a result of continues developmantschnology and changes in
society. Youssef (2005) generated a table to aggregate various defiwitichscan

be seen from Tabl21.

Travi (2001) describes the difference between an IB and a conventional one by
existenceof central computeconnectedo an integrated network containing sensors,
activators and all other installations. Howe\ldimanen (2004tateghat smart
building concept is not same with integrated or automated buildigsmart

buildingsis anumbrella concept for automatediloiings.

The aspects which should be taken into consideration for intelligent buildings are
stated by Himanen (2004) asingenvironmenftriendly, adaptableflexible for long
term, healthy, productivegervice orientednarketable, comfortable, safecsee,
convenienthightechand reliablevhile having operable elements, feasilifie cycle

cost efficient space organization within itsilture

2.2.2 Historical background of smart buildings

Sinapoli (2010ktateghat smart building concept was started to be discusgbe
early 1980s. The author refers to a New York Times articlejghéa in 1984,
which mentionsntelligent buildingsasa new generatiomvhich is nearly able to
think. The author notethosebuildings werecombinationof justbuilding

management and telecommunications.

16



In 1981, United Technology Building Systems Corporation (UTBS) propounded idea
of intelligent building. The idea became a reality in 1983 with City Place building

constructed in Hartford, Connecticut, USA.

Before 1980, singldeviceor apparatus had beapplied forthe automation of
building systemgWang, 2010)The born of IBs depends ontelligent control of
building servicesprocesses and communication degibutiB technologiedave
becamemoreadvanceandintegrationlevel hagsmprovedincreasinglywith the rapid

development of technology in electronic, computer and information (Wang, 2010).

The intelligent biding pyramidwhichwas created duringuropean Intelligent

Building Study by researcheisgiven in Figure&.8 below.

Average integration level Large market integration period
Intelligent #005+
areas/cities Intelligent Organisational Networks
Computer Integrated portfolio New ways of working 2000
integrated management organisational

e network:
Buliding cis aceceM;SGDISe
After 1995
Remote Cellular
Integrated monitoring BA| ICS commes.
systems Building | Integrated voice/
Automation | Communicatio\data
Systems | Systems
1990-1995
Multifunction Building Control User IT &
systems & Monitoring | Communications
HVAC & other | Text
plants control | & Data | Voice | Image 1985-1990
= 1985-1990
99oc c c
Single function/ sg2| =8 | 32 S o8
dedicated 25 |op |02 38 |=8 |38 |F8
systems 5 8 |SE|8g2| 22 |B2|s3 |58
8 <8 |T8|8%E|cE |28 |”E [ZE
K sde|lwh @& E |PE
» mE o SalliEe 8 3
Single apparatus Before 1980

Figure2.8: The intelligent building pyramid (Harrison, 1999)

As ClementsCroome (2004) mentiortkis pyramid is not intededto define
intelligent buildingsputit defines integrated and automated builditig type of
intelligent buildings which highlights the utilization of information and

communication technology. The author also notes the pyramid has turned out to be a
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notable landmark in the short historyprbgress in smart building concepts. The
pyramid divides smart building system after 1980 into 5 stages as follows:

¢ Single function dedicated systems (198B5)
e Multi function systems (198%990)

e Integrated systems (199®95)

e Computer integrated buildin@fter 1995)

¢ Intelligent areas (2005+)

On the other hand, Harrisoet, al. (1988) divide smart buildings into three dhst

periods as can be seen in FigRr@

AUTOMATED BUILDINGS (1981-1985)

BUILDING MANAGEMENT
OFFICE AUTOMATION
COMMUNICATIONS

An intelligent building is a collection of
innovative technologies.

RESPONSIVE BUILDINGS(1986-1991)

BUILDING MANAGEMENT An intelligent building is a collection of
OFFICE AUTOMATION technologies able to respond to
COMMUNICATIONS organizational change over time.
RESPONSIVE TO CHANGE

EFFECTIVE BUILDINGS(1992 -)

An intelligent building provides a responsive,

b s i effective and supportive environment within

SPACE MANAGEMENT which the organization can achieve its business
objectives. The intelligent building

BUSINESS MANAGEMENT technologies are the tools that help this to
happen.

Figure2.9: Progress ointelligencein buildings(Harrison,et al.,1998)

When developers saw tlevantageof building intelligence, automated office
buildings emerged in 1980s (Harris@t,al, 1998). The authors note that there was a

concern about security and integrity of shared telecommunications and data
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networking systms in that timeTheyrefer to orbit research studjeonducted by
DEGW architectswhich showed that smart buildings shaie able to respond to
changing needs afccupantand be adaptable to developments in information
technologiesAs a result of tld study responsive building period started and
definition of smart building wereevisedby adding a new criteriomesponsiveness

to changs (Harrison,et al, 1998)

Harrison,et al.(1998) mention the 1992 DEGW!/ Tekinibardsearch project,
related with the Intelligent Building in Europe (IBE), whishdefinedasa smart
building since it supportthe organizatiothat occupy it to succeed business

objectives by providing responsivesfficientandassistivesmart space.

BUILDING SPACE MANAGEMENT BUSINESS
MANAGEMENT MANAGEMENT
> Processing storage
Environmental | User Management of change Minimization | and presentation of
INTELLIGENT | Control of control of | (Capacity. Adaptability, of operating information
BUILDING Building Building Flexibility, costs Intemnal and extemnal
Systems Manageability) communications
GOALS
< «

/ Design strategies and building shell attnibutes \
INTELLIGENT \ Facilities management strategies /

e Building i Comp 1ded facili Communicati
automation  systems uter ai ity unications
ATTRIBUTES management systems (mcludmng office
(CAFM) automation, a/v and
business systems)

Figure2.10: The IBE model of building intelligence (Harrisaet,al.,1998)

Harrisonetal (1998) note I BE model focuses on
tasks instead of computer systems. The author states information technology was
acknowledged as one of the ways in which the building can help or hinder the

occupants, butitisnottteeason for the buildingds exi s

As can be seen from thégkre2.9 and kgure 2.10, there are three main aims of an
organization occupying a building presented in IBE medeth are give as follows
(Harrison, et al.1998)

e Building managementismaa ge ment of buil dingds phy

using both facilities management and building automation systems.
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e Space management is the
time.

e Business management i s
activities.

2.3 Integrated systems in smart buildings

management of

t he nbasmesg e me n't

Himanen (2004)raws aparallel betweethe smart building concepndthe human

beingwith ametaphor of the buildingystemsand the huran senses by referring

Huhtane® €000)graphic representation of tingpes of integrated systeraown in

Figure2.11.

What is system integration?
Enabling different systems to cooperate

Heading to good working environment qualifications

&

Odour ,\ [

Vision &

Taste

Illumination Heating
Access control Air-conditioning
Locking Cooling

Hearing
Touch

System integration

Heating
Air-conditioning
Cooling Access

control

Space
management __

Costs

maintenance \K : /
Illumination

s 0_____ Intelligent ‘ \6

b_ulldh_?g -

Burglar
alarm

momtonng

Video

Fire
alarm

Figure2.11: The metaphor between the working environment and human senses and

senses of a smart building (Huhtanen, 2000)
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ClementsCroome(2004) refers to Gann, Barlow & Venables (1999) for

classification of enhanced @@ mmuni cati on:

e Human flows: supervision and private entryways and spaces.
e Energy and water flow: monitoring and management of networks and
calculation of energy and water.

¢ Information flow: managing the transmission and reception of data.

While IBs are responsible for different functioks| et cher 6 s (iQue03) pyr
2.12) which focuses on building services and communicatidestifiesintegration

stages.

Figure2.12: Sages of integration (Fletcher, 2003)

Coggan (1999) divides smart building systems into four categories in terms of
recognition of the electronic aspects:
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¢ Energy efficiencyReducing energy consumption to minimum by using
computer based technologies comprehensively is wtgtigenceby means
of energyin IBs refers to. Some of well known computer systems used in IBs
related with energy performance aBejilding Automation System (BAS),
Energy Management System (EMEpergy Management and Control
System (EMCS), Central Control and Monitoring System (CCMS) and
Facilities Management System (FMS).

¢ Life safety:Integratinghigh technologyn order to ensure maximum
performance for safety and security with minimum costhatintelligence
by means ofife safety inIBs refers to

e TelecommunicationAvailability of various complex telecommunication
services with low cost is whattelligenceby means ofelecommunications
in IBs wheremany usersvill share the equipmentsfers ta

e Workplace automatiorintegrating hightechnology office automation
systemawhich will be shared by many usensorder to ensure efficient
operation and needs of businesth low cost isintelligenceby means of
workplace automation in dBs refers to.

Anot her <classification which is done by Trav

classification. Travi (2001) identifies categories of integrated systems ipdougr

e Area of system management: energy (HVAC, lighting, energy management);
technical system (vertical transportation, public services)

e Area of control and security: security (access control, presence detectors,
antrintrusion, antiburglary, video surveillance); safety (fire prevention, gas
and water detection, electric safetgrtbquake detection, evacuation
management)

e Area of information: office automation (womtocessing, electronic filling,
e-mail, desktop publishing); specific services (CAD/CAM, administration,
records); electronic data processing (network connection;ugaekd
archives)

¢ Area of Communication: audiphonic (wordprocessing, telephones,

intercommunications, telex, facsimile, déi@ase access, message distribution,

22



internet); images ( entrance video phone, stoan video, video
conferencing, closed circurideo control)

Travi (2001) notetheimportance otentral control computer which adiise human
brain forconnection in between all integrated systems according to needs of
occupants and requirement of business

Table2.2: Integrated elements (Ochoa & Capell@008)

Class Category Design variable Sub-variable Common values
. AdSensors No sensor none
S Light illuminance, luminance internal, zoned
g Temprature internal, external
o Glare external
) Solar radiation external
2 Humidity internal, external
A2 Userinterfaces termostats on/off, variable control
< swithches on/off, variable control

B. Control processing elements

For non sensor operation

One element turns on/off another

B.6 User only , user perform operative routines

C.1 Daylight systems Sunshading elements No shading element none

Horizontal opaque
External blinds/louvers/shutters opaque
internal blinds, curtains, shades  opaque

Daylight redirection elements No elements none
‘3 lightshelves fixed, external
g automatic reflective blinds external
(9]
?o C.2 Fenestration systems Glazing elements Conventional glazing Double glazing clear (gas=air)
1= Double glazing low-E (gas=air)
" C.3Ventilation system Window operator fixed no opening
43 manual different opening conbinations
<. mechanic different opening conbinations
O Fan ventilation elements no fan
electric fan
C.4 Cooling and heating syste Passive Orientation north,south, east,west
sunshade north,south, east,west
sunspace north,south, east,west
Active conventional HVAC system
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Ochoa & Capelut¢2008) summarizes the elements of sensing, deciding and
responding process for energy efficiency by focusing on hot climates with an open

ended list which can be seen from Tahk

2.31 Appropriate use of intelligent technologies in smart buildings

Toquote Hmanef 2004) , O06buil dings have been buil't
but the information age has introduced the concept of smart buildings in a new

context together with ®@sodMang (2010myck@that i on and p
there arébuildingswhich provide quite smart functionsven they wereonstructed

long time ago stechnologyby oneselidoes not mean intelligence

Associating I1Bs with highechdevices and computer systerasot false but it

should be noted that implementation of building systerather than a goal, is a tool

for meeting requirementgHarrison, Loe & Read, 1998%0;technologysingle
handedlydoes not bring intelligence wbuilding (Yang & Peng, 2001According

to Canseve(2007), considering the technology as independent power is fetish of
technology which do not take coherence into account. The author states that relation
in between climate and building should be considered in unity of architectural
design.To quote Ocho& Capeluto(2008) "a buildingis a direct product of the

entire procesthat created it."

According to Himanen (2004) a long list of equipments and systems is not guarantee
of intelligence, it is better to describe smart building concept by listingrierivf
qualities than by list of hightech equipments. Sbeaim should be definedt first

andthen strategies and technologies should be selected accordingly.

Thesoleobjective of SBs should not be the implementation of technologies,
although main feature of smart buildings is the successful use of advanced
technologiegWang,2010. Theauthor agreea key objective of SBs is definitely
performanceandthat SBs canndie discussed separately from the architectural

design, building facades and materials.

Sinapoli (2010) states SBs, rather than an exhibition for implementation and
operation of technology, are simply enablerancim. According to the author;
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operatingouilding more efficiently, constructing building in more efficiemanner
providing productivehealthy safe and sustainald@vironmenfor users providing
energy efficiencyand improving marketability of the building asbjectives which

are requiredrom SBs.

While arguingthat keing highlyfixed up with technology may not enoughachieve

a smart buildingWang (2010) notes it is obvious that smart buildicgnnot exist
without technological systeniis modern building contexespecially infomation
technology (IT) system3.he author statekatsmart buildings which are also related
to economic and cultural aspects are interdisciplinary and involve-imditstrial
system engineering while requiring the right combination of architecture, seuctur
environment, building services, information technology, automation and facility

management.

Wan & Woo (2004mention that design decision become more complicated by
multi-criteria and multidimensionabspect®f IBs such agnsuring needs of
businessbeinguserfriend, being compatible witimternational standard protocols,
beingenergyefficiency, inter-coordinatingsystems, having ITandbeing flexible
Aygln (2000)and Pati, Park & Augenbroe (2006) are adribata balance should
be maintainedn these perspectigdy designers in ordeomake building

responsiveo the changing conditions.

On the other handVang (2010) explains the need &otight combination with an
example which mentions that the most appropriate air conditioning strategy for a
building may be thermal mass and night time free cooling instead ctdughair
conditioning systemin areasvherepeople want operable windowasrfelectricity

saving.

In addition to appropriate combination of intelligent technologies and strategies in
design, implementation part also requires céfang (2010xstatesuildings which
arefully equippedwith technology system may not be smart in realithalse

systems are not coordinated or they are not funaggoroperly. The author also
mentions ay failure in operation may cregpeoblemsfor occupants instead of being

intelligent

25



Although implementingntelligent technologies is becoming more and maeutar,
the main issue is designilegtimumconfiguration ofintelligent building systems
(IBSs) among a vast variety of available alternativesaasdciatinghem faultlessly
in order to meet with exgetations of developers and occupants (Wetray, 2008).
Professional's effort and care is needed wdeigigning and implementing
appropriate intelligent building systerti3ati, Park & Augenbroe, 2006).

2.3.2 Medianetwork in smart buildings

All SBtechnologiesrepart ofnetworksactually since thegommunicate witkeach
other orcontrol elements which are used foonitoling, managingandproviding
servicegSinapoli 2010).0On the other handmedia network systemshich society

is very familiar with,include television casting, radio casting, telephone line,
internet, video conference, audisual entertainment, various services based on
internet, fax, word processing, data base access, entrance videophonegrxymput
cameras, speakers, media players, monitoring degicgdravi, 2001).

It can be said that those media network systamwidely prevalent even in

conventional buildings since computer usage and network connection in between
computers and other digl devices are indispensable for not only workspace but

also daily life in modern context. Furthermore, media network systems do not make a
building smart but those are a part of SBasically, all networks include an
administrative workstation in ord& provide management, monitoring and
reporting(Sinapoli 2010). @nnectiorbetweemetworkdevicesmay bevia cable @
wireless transmitter/receiver, whitemmunications between the devidepend on

aset of rules or protocolSinapoli 2010).

Audio-visual network includesvariousequipmens and materiad, multiple technical
standards, and rapidly changing technologiesh as computer, video player,
projector, sound system, radio, camera, lighting system, tablet and derivatives,
remote network via internetc.(Sinapoli 2010).Also the author noteSBs are
benefit fromdata network technologies foontroling and maagingaudio visual
systemsin other words, it is possible to access, monitor and manage\asda
devices remotely with cell phone, notebook or tablet even far from building with

telecommunication or internet connection.
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Sinapoli (2010) categorizesemainconstituents of audio visual systeas

e Audio and visual sources
e Processing and management
e Destinations (speakers and displays)

e System control

Motorized ; Window Blinds
Proi Projector
rojector

Screen

Ethernet Network
Control Interface
Device

S
Q Room
Remote Network -‘\; » Lighting
via LAN, WAN, o » \7
or Internet k____-;-J

Notebook DVD Player Document
Camera

Lighting System

~—%

Figure2.13: Audio visual systemwith Bhernetinterface (Sinapoli, 2010).

Data network which commonly includeprimarily of switches, servers, industry
standard operating systems, network and client software applications, peripheral
devices and user devicaésresponsible for sharing resources and exchanging
informationwith other networks&nd in between network usdinapoli, 2010)
According to the authothe tehnical hearth of a SB is formed dgtanetwork
technologies and infrastructur@lthough technology is rapidly changingensonal
computers, mobile phones including smart phones, tablets orsothitar devices

are commonly in use toddgr conneding to a data network and also other devices
such as printers, scanners, fax machines can be added as a part of this network via
cable or wireless poirdts seen inigure2.13. Data networks with included devices
can be established inbaiilding or in between many lddings as campus netwotko

access and manage seen in Figur2.14.
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Figure2.14: Local area networft. AN) and ampus network (Sinapoli, 2010).

2.3.3 Security and safetyin smart buildings

Wang (2010) statesecurity and safetyystemgresent foresistingagainst fire,
damage, unauthorized entry, theft and any other dishonest, illegal or crimirial acts
order to protect the property, life, materiatsl facilities

Safetysystems according to Travi (2001include fire preventionevacuation
management, earthquake detectgas and watedetectionandelectric safety.

Fire prevention is managed mostliy fire alarm systemahosefunction detecing
the existenceof undesirabldire in protectedzonesby being aware athangesn

environmenwith combustiortest however despite being@ssentiabnd helpfulthey
arenot theuniquecriterionto achievdire safetyin buildings according to not only

regulationsut also realitfWang, 2010)The authosstateghatfire alarm systems
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may inform firestationfor emergencyssistandlaunchrelatedsystemdor
controllingspread of fire and smoke while notifying the danger of fire or other
emergency to people to evacudteaddition, Sinapoli (201Qgresthatit is
important talink all systems with each othr minimize the effect of fire. The
authorexplainstherelaionshipbetween fire detection system and other building
systemdy listing thetasks which will be put into practice in a fire event by3B

follows:

e Fire alarm system signaté/AC in orderto restrainheat smokeand fire
through dampers and fans

e Firealarm system activatexcess control systeamdopers doors, unlocks
fire doors anchutomatedexterior doorsn orderto preparean openpath for
evacuation.

e Fire alarm systerworks withthe access control systeand closesterior
doorswhennecessarin orderto restrairthe spread of fire and smoke.

e Fire alarm system triggeesnergency power farot onlyitself but also
related sygemssuch axit signsJighting for emergencyexit corridorsetc.

¢ Fire alarm system shutlownthe elevatas.

Sinapoli(2010) states three types of fire suspension systems including; wet sprinkler
systemgthat is composed of not ondljfferentswitchesbut alsoflow-detection
elements)dry sprinkler system@hatconsist of pressure switches)d fire

suppression systesas seen in Figur215. The author mentionthatall types and

their equipments can beonitored and managed@ang (2010) categorizes type of
detectors as heat detectors, smoke deteatmtglame detectorsn addition;some of
thesensing elements of fire alariimtaregenerallyplaced in ceilings or technical

spaces are listed [8inapoli (2010ks;

e Pull stationsfor manually activating fire alarm when a person detiéet

e Thermal detectors: f@ensing temperaturesingsor unusuahigh
tenperaturecaused frondire

e Smoke detectors: for sensiagoke which includesarboncontentcaused

from the burn.
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¢ Flame detectordor sensingradiationof fire

e Sprinklerflow sensors

e Fire-gas detectors: for sensitaxic gases.

e Air-sampling fire detectorshe systemwhich is almost a micrtaboratoryis

able tosense precombustiorphase ofire by takingair samples

continuouslyto analyze in digh delicatedetector. Thoseare the most
delicate firesensors so generally feeredin importantand criticalspaces

such as churches, clean rooms, hospitals, museunreamark equipment

rooms.
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Figure2.15: Basic fire alarm system (Sinapoli, 2010).

Earthquake detectionfollows similar process with fire preventioBtump 2004)
mentions proactive systems which detect-destructive primary earthquake waves
(P-waves) trigger not only an alarm system but also building automation system in
order to takepossible precautiontsy warningthe occupants withudio and visual
alarm beforeanearthquakeThe author explains thdtis systemactivates emergency
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power systemwvhichturns emergency lights on and opens access doors for

evacuation managemerurns off gas to prevent firegirns off watey stops

hazardous activities such as cooking and keeps water/gas detection on in order to
respond any gas leakage to prevent poisodihthe same time, the systemt only

puts all equipments, machines and engines including elevators in safe mode, but also
save wok in progress, IT data and computers (Stugtjn4)

Reactive earthquake systemwhich are mostly related with structural engineering
are also another supportive option depending on active systems and structure's
flexibility. Kobori (2008)mentionsthat thebuilding itself is able t@esistactively to

earthquakes in reactive concept which is called dynamical intelligent building (DIB).

3
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sensor motion
H Earthquake
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L Brain (Computer)
1 l 1 1
Active Mass Driver (AMD) Active Variable Stiffness (AVS)
system system

Figure2.16: Applications of dynamic intelligent building (Kobori, 2008).

Seismic waves observatigensor®r ground motion sensovghich areconnecedto
acentral computei,e. building automéon network are in coordination with active
control systems which help building to adjust its physical property such as stiffness,
natural frequency and danmgj capacity instantly in accordance wirformation

from response sensop$aced in strategic parts of building (Kobori, 2008). The

author statethatcentral computer works as a brain and artificial intelligence
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manages the situation by analyzing infotima supplied by both ground motion
sensors and response sensors, deciding what should be done with control algorithm

and operating active control systems.

Figure2.16 shows not only components of reactive concept butim$ao main
types.Active variable stiffness system adjgfis own vibration characteristics

moment by moment in order to prevent becoming resonant, while active mass driver
system employa mass to control vibration of building in order to restore the

deformation of structure caad by earthquake (Kobori, 2008).

Security is activating some precautions after prediciingrimedanger in ordeto
prevent it or decrease its effects; regarding this,curity systems in a building are
mainly composed oflased circuit televisiofCCTV), access control system and
antiburglary systeniSo & Chan, 1999)
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Figure2.17: IP surveillance systemvith analoguédigital IP cameras (Wang, 2010).

CCTV which aimgo prevent theftather tharto recordthieveshas beemn usefor
decadess a cost effective way to extend security (W2@3,0) The author defines
CCTVa s 0 r e mfortsecuriy gperatdrsince they providéve-action displays
andto recordthe spaces under monitorifrgm a distancas seen from Figur217.

Although it is widely accepted that CCTV is very helpful for security operations,
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there is a debate based on privatyis discussiomay be issue of another study but
it is obvious that privacy issue shoulddmsideredvhile designing and integrating

thiskind of systems.

Access control systentefined byWang (2010)gs 'the ability to permit or deny the
use of a particulatresource by a particular entityAs the author mentioned, physical
access by a persavhich is related with authorization, payment¢.can be

controled by the help ofmechanicabr technologicabystems.

Accesscontrol lockswhich are also designed wariousformatsfor different
purposes such gmiblictransportation, car parletc.areoftenconnected to an

accessontrolsystem rather than being standalone (Wang, 2010).
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Figure2.18: IP card reader access control (Sinapoli, 2010).

Card
Reader

According to Sinapoli (2010), the basic or typical access sys¢éemin Figur@.18

is card access in which card reamlantify the information on the card and allow or
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refuse the access to a space or a faclhtpddition to this, s Wang (2010) mentions

there are three types of access control according to method;

¢ PIN access contrgtiepends on code entering)
e Card access control (depends on card such as magnetic cards, wiegand cards,
proximity cards, smart cards)

e Biometric access control (depends on pers

Anti-burglary systemaimto detect unwanted attgnsin accessing a space or object
(Wang, 2010)The authomnalyzeghe typesof burglar alarm systenis three
categories ioluding perimeter protectionarea/space protecticandobject/spot

protection

Perimeter protectiowhich protects only the openings with simple desgjachieved
by mountingsensors (including door contact, electric field fence sensor, infrared
beam sensor and glass break detectorg)oors, windows, vents, skylights or any

openings tepacgWang, 2010).

Area/space protectiomhich protecs the interior spaces of a facilignd effective
against intruders can be achiewmdsensors (including passive infrared detector
(PIR), photoelectric beams, ultrasonic detector and pressmstive mats for audio,
pressure, electronidbration and motion detectiofWang, 2010)Moreover, the
authorstates thasérea protection systemsa backup tthe perimeter protection,
providesdelicate andnvisible detectionwhile frequent false alarm®ay be seen as
a resilt of incorrect application and installatiamit.

Object/spot protection which teelast phas®f a comprehensive protection system
directy protectspecific itemdoy the help of sensors includiregpacitance/proximity

detectors and electronic vdiron detector§Wang, 2010).
2.3.4 Energyperformance in smart buildings

While energy performance in buildings are already related théhlierms green
sustainable, higiperformance and many others; smart technologies comes with
adaptive and responsiabilities to enhance and extend the concerns mentioned in

those terms.
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According toBarnett & Browning (2007 criteriathatsustainable building should

follow can be described as;

e using thdandappropriatéy

e usingwater, energy, lumber, and otheraescesefficiently;

e enhancindhuman health and productivity;

e strengthemg local economies and communities;

e conserving plants, animals, endangered species, and natural habitats;
e protecting agricultural, cultural, and archaeological resources;

e being nice to live in; and being economical to build eapdrate

In the light of definitions byrudelson (2008)Zigenfus (2008), EPA2010 and

CIWMB (2000} greenbuilding concept can be described as a structure which
follows resourceefficientway throughout a building's lifgeyclein order to reduce
overall impact on environment while protecting occupant health and improving
productivityeven in design, construction, operation, renovation or reuse pariod
other words, green building which expamtonomy, utity, durability, and comfort
concerns is a structure that uses site, energy, water, and other resources efficiently
a sustainable mannduringdesign, construction, operation, maintenance, renovation
and deconstructiostages in order tbring healthy and productive space for

occupants with environmental responsibility.

According toU.S. Energy Independence and Security & 2007 (EISA 2007 the
termhigh-performance buildings theonethatall mainhigh performance attributes
such agnergyefficiency, environment, safety, security, durability, accessibility,
costbenefit, productivity, sustainability, functionality, and operational

considerationdife-cycle performancare integrated and optimized in it.

As Crosbie (2000) mentionedhigh-performance buildingnda green building
specificdly aim to be energy efficient, whilgreen buildinglefinitionincludes
descriptionof a highperformance building.

On the other hand, SinopoR@10 remarks the common characteristics between
smart buildingsand sustainable or greduilding, as can be seen from Figar9.

The author alsaote that smart buildingsith smart technologies, as a part of green
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building conceptgreatly support green buitty successAccording to the author
mariage ofsmarttechnologiesnd green buildingsesults more energy saving and

financialbenefitswith energy management.
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Figure2.19: Commonality of smart and green buildings (Sinapoli, 2010)

In addition, Sinapol{(2010) states that in order to achieve sustainability,
computerized systems such as Buildings Automation System (BAS), Energy
Management System (EMS), Energy Management and Control System (EMCS),
Central Control and Monitoring System (CCMS) and Faciligngigement System
(FMS) are helpful for reducingnergy use to minimum while supplying comfort for

occupants.

According toCrosbie (2000), igh-performance buildings and theiesign are an
"all-inclusive philosophYand requires interdisciplinary team apachwhile
designingthe wholebuilding structure andystemsby consideringnteraction in
between themFurthermoreSinopoli (2010) claims that SBs whighneatly support
energysavingrequirecoordination m between different disciplines.
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Architectural desigts required tadeal with passive design strategesl active
systems in order to achieve energy performance in buildiagsive strategies
dependbn building physicswhile active systems are mechanical devices which

integrated inle design and requires energy.

2.4 Active systems for energy performance of smart buildings

In the light of descriptions by Wigginton & Harris (2002) and keal. (2002); it
can be said that intelligent active systems are building elements whidio abliest
itself due to internal or external chasge order to achieve requiredmfort level.
Active systems which are mostly mechanical and electronic degessrally
requires energy but ideally it is desired that intelligent active technologies wit

minimum energy use has impacts on reducing energy consumption in a building.

24.1 Building Automation

Building automation system (BAS)hich is also known as Bding Management
System (BMS)js one of the major smart building systefi¢éang, 2010) Travi
(2001)explains building automation in a metaphoric way by mentioning intelligent
buildingandhuman being According to the authdhe central computer is similar

to humanbrain and integrated network is equivalent to nervous sy$tiang (2010)
statesBAS which is actually product of computing and IT technologeders to
combination ofvariouscomputeized building control systems including a wide
range fromcontrol elementsvith specificobjectiveto independentemoteterminals

or evento complicatedsystems witlcentralcomputerterminals

BAS is more tharexistence of different systems, main logic behind it is artificial
intelligence and analysis/response algorithm. As Wang (2010) mentions, BAS
functionsfor monitoiing, controling andmanagingall services including HVAC,
electrical systems, lighting systems, fire systems, security systems, lift systems and
water systemas seen from Figur220. It is possible to say, building automation is a

cover which integrates various separatedding systems and facilities by help of IT
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and computer technologies in order to generate productive, healthy and energy
efficient space.

~
]| Management Software Stati ] d [
Hub on TCP/P Station
N\ = J
( = 5
Gateway Came‘f? —m Gateway
g fees [ |
ideo ;
Security
Streamers  gontroller E
Power Meter
Fire Controller
¥ 2
Controller Eil )
. Security & Access Lighting Control
L HVAC Control Fire Safety Control & Power Monitor

Figure2.20: Example of integrated building system (Wang, 2010)

Wang (2010) describes typical functigm®vided by building automation systems as
installationmanagement and control functions, enempnagement functions
(supervisory control), risknanagement functions, informatignocess functions,

facility management functions, performance monitoring@&adnosis, maintenance

management.

HVAC |:| D D D Data HVAC |:| |:| l:l |:| Data
Control Network Control Network
L1 O O O] O O
‘ot — T 1| |[LF T Network ‘Gonres — T T Network
Audio |:| I::I I::I I:‘ Power Audio D I:I D D Power
Visual Management Visual M t
4 O oy ™ B [ I
Distril;/tﬁx — [:I [:I — \S/::js;illance Distrit}llﬁzg o o e e \Sh:r?/(;illance
L] L] S g ) ) [

Access D I::I I::I |:| Fire Access D I:I I:l I:I Fire
Control I:] [:I [:I [] Alarm Control |:| I:l I:l I:l Alarm
F'Iul' —ll_l I"Il_ll' 'II___‘ 7
Management Consoles g 5; Z@
for Individual Systems
Local and Remote Multifunction
Management Consoles

Figure2.21: Difference between individual controls and BASnapoli, 2010)
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So & Chan (1999)eferred to Carlson (1991) whiescribeASas 6 6a t ool
hands of building operations personnel to provide more effective and efficient
control over alAlsoWang (2010) agrgesasBAS ds ehigis 6 0 .
technology tool or platform comes with not only solutions but also new [ildsssb

for building operators.

Improving occupants productivity and health, protecting people and equipments,
reducing operating cost, increasing reliability of plants and services are some of
benefits from BAS while managing the building (Wang, 2028)the author

mentions as well, BAS with all these benefits is available online so BAS integration
and information can be accessed, monitored and managed via internet as seen from
Figure2.21. Connection between BAS and internet also generates baserbf sma

cities.

HVAC control, lighting control, power managemearid meterin@re some critical
components dbuilding automation systeniis terms ofenergy performance of
building the operation perio@Sinapoli, 2010)In addition,heating, airconditioning
and illuminating the spaa®nstitutes one of the major expenditures in building
operation(Wang, 2010)The author deares thaBAS with abilities such as
programmed start/stop, duty cycling,-peintreset and chiller optimization mainly

aims toreducethe energyonsumption aththe relateccostsas much as possible.

Sinapoli (2010kuggestsleveloping a matrix of all systeras seen in Figurg.22in
order todeterminewhich systems should be integrated with each other by means of
BAS after the buildingystens in project arspecified The authodescribes

integration levels aghysical level (cable, equipment, rooetc), logical level (.e.,

similar protocols), anéunctional level.

Sinapoli (2010kxplainsthe function of integration by mentionirige relation in
betweerthe firedetection system and access control system which have been
mentioned in previous sections. In addition, examples can be multiplied by
spedfying that video surveillance aralidio visual systemis coordinatedvith
lighting cantrol elementsn order to turn off lights when a movie starts (Sinapoli,

2010). Another example can be given as gas detection and temperature sensors will
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be integratedvith automated windows in order operate natural ventilation when

needed.
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Figure2.22: Integration matrix (Sinapoli, 2010)

Wang (2010ktateghe BASiIs cost effective wayo manage the buildingnd itis
able to respond quickly and efficientlyttte changes irspace or functionsvhile
performing monitoand control functions ovesituationsand serviceat thedesired

level always.

According to Coggan (1999), soratributesto increasenergyperformancen SBs

are,

e Programmed start/stop
e Optimal start/stop

e Duty cycling
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e Setpoint reset

e Electric demand limiting
e Adaptive control

e Chiller optimization

e Boiler optimization

e Optimal energy sourcing

2 4.2 Material and structures

Smart materials refer to materialsvhich areresponsiveo the changem spaces
while interacting with its environmenBéaven &Vincent 2004) The authors
mention photechromic glass as an example of smart materials with property of
darkening response to the sunlightconsideration othe term smart which is ability
to get knowledge, to decide with logical judgment and to response yjtociie
changes in environmerdmart materials can be describedregerials that are
responsivevith their buildin or inherenstructure to the changes in environments
(Addington & Schodek, 2005)

Addington & Schodek2005)get involved in the discussi@bout technology for
smartness, is it obligatory or not, withime contextof smart materials. According to
the authorssmartness in materials should be evaluated with their behas@rs
advanced technologies and systemesnot obligatory requirement. The authors
describe the characteristics of smart materials and technologies which refer to

whether a molecule, a materialcomposite, an assembly or a system as:

¢ Immediacy ability torespondn reaktime.

e Transiencyability torespond tanultiple environmentasituatiors at the
same time

e Selfactuation ability to respondwvith embedded intelligence.

e Selectivity capability torespondn a predictable and discreteanner

e Directnessability torespondocally to activating event.
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TYPE OF SMART MATERIAL INPUT OUTPUT

Type 1 Property-changing

Thermomochromics Temperature difference Color change
Photochromics Radiation (Light) Color change
Mechanochromics Deformation Color change
Chemochromics Chemical concentration Color change
Electrochromics Electric potential difference Color change
Liquid crystals Electric potential difference Color change
Suspended particle Electric potential difference Color change
Electrorheological Electric potential difference Stiffness/viscosity change
Magnetorheological Electric potential difference Stiffness/viscosity change

Type 2 Energy-exchanging

Electroluminescents Electric potential difference Light
Photoluminescents Radiation Light
Chemoluminescents Chemical concentration Light
Thermoluminescents Temperature difference Light
Light-emitting diodes Electric potential difference Light
Photovoltaics Radiation (Light) Electric potential difference

Type 2 Energy-exchanging (reversible)

Piezoelectric Deformation += Electric potential difference
Pyroelectric Temperature difference +— Electric potential difference
Thermoelectric Temperature difference += Electric potential difference
Electrorestrictive Electric potential difference 4= Deformation
Magnetorestrictive Magnetic field +—» Deformation

Figure2.23: Sampling of different types (Addington & Schod2&05).

On the other hand, there are many interestinguaetul materials with different
featuresfor instancecompositegrom carbon fiber oa range frormew radiant
mirror films but those materialrehigh-performance materials rather than smart
because their selected, designed and optimized propertleastgh strength,
stiffness, particular reflective propertiet. are static (Addington & SchodeR005)
The authors statthat smart materials should be able to change ttle@mical,
thermal, mechanical, magnetic, optical or electripebperties oprovide energy
transfer functionsAs can be seen froffigure2.23, the former classified as type 1
and the latter as type 2 by thethors. Also, the authors mentithatreversibility

and discrete size/location are beneficial properties of snetdrials.
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Sensors and respondevices havéeen mentioned as main elements of a smart
building in different parts of this study, while energy converters/producers are highly
effective for energy performance of buildin@snart materialsvhich may serve in
different roles can be directly transldtietorolesas sensors, transducers or actuation
devices (Addington & SchodeR005. As the authorsnention,ability to change

property in response to changes in environment can be used as a sensor, while energy
exchanging materialanay be used as semsandtransducers. In addition, the

authors mention that some of them may be used as actuators. Light sensors, sound
sensors, thermal sensors, humidity sensor, touch sensor, position sensor, proximity
sensor, motion sensor, environmental sensors, lsoseawarms (smart dust),
chemical, magnetic and other basic sensarsbe totally or partly artifact of smart
materialsMoreover, the authors compare smart materials and mechanical electronic
(mechatronic) systems in terms of response procedureen tanechention the

advantage of smart materials with the possibility of reducing complexity in system

since the actions occur internally within the matergalseen from Figur224.

There are many different forms and technologies of smart productsamtius
properties related with luminous environment (transparency, color change, light
emission etc.), thermal environment (heat transfer, heat absorption etc.), acoustic
environment (sound absorption etc.) and kinetic environment (energy production,
enegy absorption, shape change ebwi) in architectural terms, what can be done
with these materials is more important (Addington & SchodéRp).

In order to give examples Addington & Schod2R@9 mention that various glasses
with specific properties s as antireflective glass, brightness enhancing glass, glass
with low-E coating for thermal performance can be achieved by coating with
polymer films and in addition, electaptical glass technology can be used to

produce heated glass. Furthermore, titb@s describe the relation in between
architectural applications and smart materials with relevant characteristics as can be

seen Figure.25.

Addington & Schodek4009 states the important role of facade system including

glazing in building energy pesfmance, while the most embraced use of smart

materials in architecture takes place in fagcade systems including thin film coated
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BUILDING SYSTEM NEEDS

Control of solar radiation
transmitting through the building
envelope

Control of conductive heat
transfer through the building
envelope

Control of interior heat
generation

Energy delivery

Optimization of lighting
systems

Optimization of HVAC systems

Control of structural systems

RELEVANT MATERIAL OR
SYSTEM CHARACTERISTICS

Spectral
absorptvity/transmission of
envelope materials

Relative position of envelope
material

Thermal conductivity of
envelope materials

Heat capacity of interior
material

Relative location of heat
source

Lumen/watt energy
conversion

Conversion of ambient
energy to electrical energy

Daylight sensing
llluminance measurements
Occupancy sensing

Relative size, location
and color of source

Temperature sensing
Humidity sensing
Occupancy sensing

CO, and chemical detection

Relative location of source
and/or sink

Stress and deformation monitoring

Crack monitoring

Stress and deformation control
Vibration monitoring and control
Euler buckling control

REPRESENTATIVE
APPLICABLE SMART
MATERIALS*

Suspended particle panels
Liquid crystal panels
Photochromics
Electrochromics

Louver or panel systems

- exterior and exterior
radiation (light) sensors --
photovoltaics, photoelectrics

- controls/actuators --
shape memory alloys, electro-
and magnetorestrictive

Thermotropics, phase-
change materials

Phase-change
materials

Thermoelectrics

Photoluminescents,
electroluminescents,
light-emitting diodes

Photovoltaics, micro- and meso
energy systems (thermoelectrics,
fuel cells)

Photovoltaics,
photoelectrics,
pyroelectrics

Light-emitting diodes (LEDs),
electroluminescents

Thermoelectrics, pyroelectrics,
biosensors, chemical sensors,
optical MEMS

Thermoelectrics, phase-change
materials, heat pipes

Fiber-optics, piezoelectrics,
electrorheologicals (ERs),
magnetorheologicals, shape
memory alloys

Figure2.25: Typical building system design needs and potential smart materials
(Addington & Schodek2005.
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glazing, automated louvers to reject excess solar radiation with energy management

control system and double skin facades.

Addington & Schodek3005 states the important role of facade system including
glazing in buildingenergyperformancewhile the most embracedse of smart

materialsn architecture takes placefacade systemscluding thin film coated

glazing, automated louvers to reject excess solar radiation with energy management

control system and double skin facades.

Smart facadearedefined byWigginton & Harris (2002as asystem including
responsive and activdements which are able to provide optimum contfgrt
automaticselfadjustmentvith self regulated enhancemaeatits own building fabric

to controlthe changing conditionisetween exdrnal and internal environments

order to mininize energyusageTo quote the author; "thatelligent fabric of the

building envelope turns to a flexible, adaptive and dynamic membrane, rather than a
staticallyinert envelopé€. Wigginton & Harris (2002) points out that the smart facade
can perform up to 10 different functions which are identified as;

e The enhancement of dayligle.§.with light shelves/reflectors)
e The maximization of daylighe(g.full-height glazing/atria)

e Protectionfrom the sun€.g.louvers/blinds)

e Insulation €.g.night-time shutters)

e Ventilation €.g.automatic dampers)

e The collection of heat(g.solar collectors)

e The rejection of heak(g.overhangsbrise solei)

e The attenuation of sound.(.acoustic dampers)

e The generation of electricitg(g.photovoltaic) and

e The exploitation of pressure differentiaésd.ventilation chimneys).

Accordingly, Addington & SchodekQ05 states the functions of smart windqws
which is interactive or switclide surfaces asoatrol of optical transmittan¢eontrol
of thermal transmittan¢eontrol of thermal absorptigrontrol of viewas seen from
Figure2.26.
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SMART WINDOWS
System type Spectral response Interior result Interior result Input energy
(bleached to colored) visual thermal
Photochromic Specular to specular Reduction in intensity but still Reduction in transmitted UV radiation
transmission at high UV levels transparent radiation
Thermochromic Specular to specular Reduction in intensity but still Reduction in transmitted Heat (high surface
transmission at high IR levels transparent radiation temperature)
Thermotropic Specular to diffuse Reduction in intensity and Reduction in transmitted Heat (high and/or low
transmission at high and low visibility, becomes diffuse radiation, emitted radiation, surface temperature)
temperatures and conductivity
Electrochromic* Specular to specular Reduction in intensity Proportional reduction in Voltage or current
transmission toward short transmitted radiation pulse
wavelength region (blue)
Liquid crystal* Specular to diffuse transmission  Minimal reduction in intensity, Minimal impact on transmitted Voltage
reduction in visibility, radiation
becomes diffuse
Suspended particle® Specular to diffuse transmission Reduction in intensity and Minimal impact on transmitted Current
visibility, becomes diffuse radiation

Figure2.26: Comparison of smart window featu@gldington & Schodek?005.

In addition, Wigginton & Harris (2002)efinethe double skimsa systenwhich can
providepossibilitiesfor maximizing daylight and improving energy performante
buildingsby involvinga second glazed envelogdditionallyand an example can be
seen from Figur@.27.As the authors mentiosplar gainswvhich increaseooling

loadfor buildingcan beminimizedby the ventilated cavitgs a feature of double
facade in summer times, while the double fagaateminimizeheatloss and improve
U-values in the winter times by acting as a buffer zone dxtvthe building and the
outdoor environmeniThe authors states the intelligent control systems have been in
use for most examples of double fagcade systems.

Since fagade systems include mainly the glass, the structure and blinds, it can be said
that smart materials and smart facade systems are directly related with each other. As
an advantage afanotechnologyextremely smakensorsan beinsered easily ito
materials in ordeto givevery advancedeedback and also to offer hidgvel of

control ClementsCroome, 2004). Some materials as a part of facade can react

against to changes or can turn conditions to an advantage such as Active glass which

caneffedively clean itself when it rains. This kind of reaction not amlyerssthe
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effect of rain which naturally makes windows dirty but also brings advantage for

operational cosand water saving sindbere isno need to clean windows anymore.

Figure2.27: Double skin facade of GlaxoWellcome buildi(Wyigginton & Harris,
2002).

243 HVAC systems

Heating, ventilation, and air conditioning (HVAC) systegesponsible to provide
user comfort by controlling interior climatic conditicsg; temperature, humidity, air
flow, and overall air quality in the buildireye maintained by HVAC systems
(Sinapoli, 2010)According to the author; boilers, chillers,-amndling units
(AHUSs), air thermal units (ATUs), and variable air volume equipmeAM)\are
main components of HVAC whiamaybecomemuch morecomplicatedoy

including wide range aomponents.

Sinapoli (2010ktates HVACsystems which ensutesercomfort, health, and livable
climatic conditions irthebuilding; is responsible foa significantpartof energy
consumptionn the building.Also, the authoarguethat HVAC systems must be abl
to respond to different indoor and outdeonditionssuch asveather, time of day,
variouskinds of space and occupancin order to optimizéuilding operationand
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energyperformanceimultaneouslyThe authonotesthat therise inenergy prices
trigger to think abougfficiency inHVAC system and technological developments
made possible to imeaseefficiency in HVAC systemsteadily Wigginton & Harris
(2002) mentions smart technologies are employed to minimize the energy load

resulting from the highly serviced elements of heating, ventilation and cooling.

Wigginton & Harris (2002hote attempts which provided with more precise

motorized contrglare put forward to redu@nergy consumption caused frepace

and water heatingy usingpassive solar strategies. The authors state control systems
guarantee the optimized operation of low temperature hot water circuits and the sun
is also utilized fowater heating by the help of equipments which are able to track
the sun automatically for maximum exposuBaapoli (2010) mentionhe

possibility to sein operatingchedule for HVAC system in smart network and by

the way reduce energy consumptioncéwaing to the author controlling with

sensors are useftd maximize energy efficiency.

In order to increaseffectiveness andchievegreater occupant contralentilation
can be automaticallmanagedy movableelements of thenvelope such as
retractable roofs, motorized windows and pneumatic danfégginton & Harris,
2002) Also, as the authors mentiaghe moving elements caaspond to
unfavorable conditions such as the inclement actions of wind anbdy&iosing
themselves automatidy) while some of inherent problems faced by natural
ventilation, sich as air and noise pollution candx@rcomeby the help obmart

control mechanism

Wigginton & Harris (2002) mention different conceptsd elements for minimizing

energy usage in vefdtion:

¢ Mixed-mode approachntelligent control systems are utilizedd required
to sense and decide &tivate mechanical ventilatiavhen it is neededt is
possible to maximizadural ventilation and minimizenergy usge by using
mechanical ventikgon only in extreme conditions.

e Selfregulating vents: This vents supply constant airflow even in changing

wind speeds.
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e Air distribution system: This systegoes through the building structuaed
can be compared with humaimculation systemThe system may be
occupancy dependedith local fan units operated only when user presence

is detected.

Figure2.28: Computer controlled window@Vigginton & Harris, 2002)

As an example, Wigginton & Harris (2002) mentsmme properties of

Commerzbank building

¢ Natural ventilation is employed for nearly 60% of total hours of usage and
mechanically assisted air conditioniilsgusedonly under extreme conditions.

¢ Not only natural ventilation but also lighting is basedwotorized bottom
hinged perimeter windows which can be controlled both by the occupants and
the BMS.

e Two principal building management options which vary throughout the day
as well as seasomse availablethe artificial control of building s c |l i mat e
andlow-energy optionThe artificial controprovidefully operational air

conditioning and coolig provided by chilled ceilings, while leenergy
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optioninvolves the motorized openings of windows and deatgsair

conditioning.

According to Wigginton &Harris (2002), employingight ventilationwith computer
controlsin order to makere-coolingfor the thermal mass is beneficial in some cases
as muchascontrollingpassive cooling techniquesth mechanical elementsuch as
earth heat exchangdapretole water and ground wat€omputer controlled

ventilaion system ofCommerzbankbuilding is given as an example in Fig@.29.

Commerzbank : Winter ventilation

Figure2.29: Computer controlled ventilation syste@ommerzbankWigginton &
Harris, 2002).

2.4 .4 Electrical installations and lighting

So & Chan (1999) statbatelectricity is the most important energy source in
modern builthgs andoperation of almost all building servisgstemss dependent
on electricity, consequentlythe second highest amount of energy consumption in
modern building normally comes from lighting systeimsaddition, Sinapoli (2010)
states thalighting is responsible fo80 or 40% of total electricitponsumptiorfor
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typical buildings where facility Ightingis used taensurevisibility for users
desirableambiancean space and life safety.

Addington & Schodek3005 mentions an intelligent technology with low energy
consumption:norganic lightemitting diodes (LEDs) which are self actuating,
immediate and transient in additi to being discrete and diretEDs which are the
only lighting technology that offers both dynamism and transiency may tdewvike
the advantage of dynamic conssince transiency brings possibility for any color at
any intensity at any time, at the size of a pixel to that of a large surface (Addington &
Schodek2009. As the authors mention, those features make LEDs appropriate for
mood lighting design and individualization possibilingnce LEDs which aim
higherutility, higher flux and lower costay take place ahcandescent and
fluorescents. However, the authors state that the most inefficient process in a
building is production of artificial (electrical) light, so only improving lamp

efficiency may bring juslimited energy saving in total.

Maximization of daylighis one of the actions to achieleav-energy design
(Wigginton & Harris, 2002)This passive strategy in basic can be supported by
active systems as well to control comfort levélscording toSinapdi (2010),

lighting control systemicreases efficiency ilighting for users.

Wang (2010Qdefines the purposes tHaghting control systems should meet even

manually or automatically:

e Functional need and flexibility of the space
e Energy saving

e Visual comfort of occupants

e The requirements of legislation

e Creating a dynamic or dramatic environment

Althoughpowerdistributionto the lightingfixturesin lighting control systens
same with usual methpgmart controls presentn variouscontrollingelements
includingcircuit, breaker panel, wall switches, photo cells, occupancy sensors,

backup power and lighting fixtur€Sinapoli,2010).As Wigginton & Harris (2002)
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mention various active systemmot onlyprovide optimum position for motorized
light guiding, light reflecting, and light shading devitssability to respond to solar
angle but alsccanhelp to achieve varying internal demand by adjusting light

transmission.

Sinapoli (2010who mentionstheneed for lighting in a buildings variable
according tduilding type space organizatiomime of day, and occupanaxplains

the contrding approacheand function of lighting contrelas follows

e Scheduling: operation of lights controlled by prespecified schedule with
time intervals.

e Occupancy sensorsperation of lights is controlled by sensors with
sensibility to occupancy for especially spaces where occupancy is not
programmed or foreseeable

o Daylight: operation of lights is controlledue todaylight levels coming in to
space foreducing energy consumption and cost causexphygdighting by
maximizing the use of daylight which is also knowrdayg lightingor
daylight harvesting

¢ Window coatingsalthough, not being directly related with operation of
lights; coatings allow daydht to come in space while preventing overheating
caused from some frequencies by working as a filter and it is beneficial for

especially for climates where cooling load is dominant.

Sinapoli (2010) notethatlighting has areffect ondifferent buildingservicessuch as
spacecoolingsince demand and cost for space cooling will increase Vigtiléng
causes internal heat gain or the inverse is possible for heating due to climate.
Wigginton & Harris (2002) mentioaperation of active lighting control sgshs
depends on thieformation provided by sensonghich measurenot onlyoutside

light leveland solar intensityhut alsoinside levels and temperature.

Moreover,Sinapoli (2010) note lighting systerage also relatedith fire alarns,
securityelementsand emergency generators because lighsiragso needed in

emergencituation toassist evacuation paths for ensuring life safety.
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After mentioning importance of lighting control systems, Wang (2010) summarizes
typical approaches to achieve efficieneagy management and lighting contaal

e activatelighting only in spacesvhereit is necessary
e activatelighting in time whenit is necessary
e activatelighting with justright amount;

e maximizeday lighting.

In addition; linear control, ling#off control and stepped contrate main types of
lighting control systemsn linear control which is also known as continuous control,
lightsare controlled byglimming linearly andcontinuouslydue toavailability of
daylightluminancefrom minimum ekctric power where lights stay at the enet
minimum light outputto maximum elegic power-i.e: maximum light output

(Lighting Control, n.d.) Linear/off control which is also called asntinuougoff

controlis same with linear one but lightsll be switched off at minimum dimming
point Continuous controls providdealizedlighting control.(Lighting Control, n.d.)
Stepped lighting control, on the other hand, switch lighting on/off due to natural light
levels in discrete stepd.ighting Control,n.d.)

2.4.5 Energy generators

Energy production is meaningful as much as overall energy reductitexdridiy
generatorsvhich extendhe concept of buildings with living capabilities are feasible
for buildings todealwith electrical atonomy througtself-generationwhich can be
achieved withthe installation ophotovoltaic panelsvind turbinesand/orcombined
heat and power system@«Vigginton & Harris,2002)

Energy generators such as PV panels and wind turbines are energy converters in fact
because they convert energy from different sources such as sun and wind to usable
forms of energyi.e electricity. Expected energy production may vary according to

the location, orientation, weather conditions, properties of energy prodacersnt

of sola insolationand design.
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Wigginton & Harris (2002¥tate thaphotovoltaic (PV) panels greatly support

energy efficiency in various examples. It should be noted that appropriate design and
application is effective to reach expected energy production since it is related to sun
angle and direction. PV panels may becpthnot only roofs but alsm building

envelopes as can be seen from Figuge.

<
KOO

)‘AAAA.

Interior space
Top strip:

light guide system with
prisms, computer-

to solar altitude Middle

Middle strip:
ventilation window

controlled, at right-angles

\

Openable
window

Bottom strip:
solar collector,
computer-controlled

Figure2.30: Suva insurance company facade section and use of f@#igtsinton &
Harris, 2002).

Wind turbines, another energy producer which may be related with buildings, are
classified by G¢gnel Il gén & Sorgu- (200
wind turbines, building mounted wind turbines and building integrated wind

turbines. The firsbne will not be discussed in this study since it is not related with

architectural design and building structure, while building mounted wind turbines
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which can be installed on the building after construction are dependent on the

building structure everii t hey are part of architectur al

Sorgug, 2007).

AccordingtoG¢ nel Il gén & Sorgu- (2007) buil
architecture dependent and can be grouped as structure independent and structure
dependentthe fomer is supported biys own structure but benedifrom the

aerodynamics of thieuilding formwhile the latter influencesoth architectural and
structural decisiond he authors listiteir advantages asduction inCO, emissions

direct energysupply;while thedisadvantageare theneed for increasing endurance

in structural design to handle turbine and wind laadless than expected

efficiency.

In future, there may be other smart possibilities to energy production since some
studies focused on engrgroduction with different sources, for example production
from daylight to produce energy even in cloudy weathers. In addition, a study done
by Guigon, Chaillout, Jager & Despes&908 focuses on harvesting energy from
raindrops.

2.5Passive design sategies

Passive design strategies have been mentioned in various studies related to green
buildings, sustainable buildings, higlerformance buildingstc, whilepassive
strategies at urban scaeesalso effective otheenergy performance of building but

this sectionfocuseson just building scale strategies for the sake of this study.

According toBrophy & Lewis(20117), bioclimatic heating, cooling, day lighting and
energy strategies must be considered at early desigesstvith architect's other

priorities for energy efficiengysince energy consumption can be redungds

much as 285% at no coswith designinghe right formin the right orientation.

Although, some mechanical systems seem essential in buildingseiayy

efficiency; their use should be challenged and energy conservation should be the first
option (Hestnesl997)
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According to Hestnefl997) designing energy efficient buildings require a multi
disciplinary design team. Lovell (2010) ags@ath him that architects and engineers
should work together from early desigtagesin addition, Hestnes (1997) stathat
the building should be considered as a system in which different technologies are

complementary parts of the whole.

Saxhof(1997)defines loth passive strategies (such as supsulation, high

performance windows, transparent insulation, sunspaces, thermal storage) and active
systems (such as automation systems, integrated mechanical systems, photovoltaic
system, ground coupled heat exchaspas innovative technologies whichvba

Impacs on energy consumption reduction in buildings.

COLD CLIMATE HOT CLIMATE
N d K N T A
A " ~ i >
HEAT COLLECTION + STORAGE HEAT REJECTION

ﬁ
N
a4 B

REDUCED VENTILATION VENTILATION FOR COMFORT
AND COOLING THERMAL MASS

?
D = D
-~
DAYLIGHT SUNLIGHT CONTROL
ADMISSION DESIRED DESIRED

Figure2.31: Some passive strategies for hot and cold clim@eboa & Capeluto,
2008)

Space heating, cooling, ventilation, lighting, water heating and devices used for daily
needs are elements of energy consumption in a building. Similarly, Lovell (2010)
evaluates the elements related with energy saving in a holistic approach under six
titles as air, heat, water, materials, day lighting and energy. According to Balcomb

(1997)some main strategies are space heating reduction, cooling load avoidance,
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water heating saving and electrical supply. To complete these, day lighting and
natural ventiition can be mentioned as other main strategies as seen in Figure 2.31.

Space heating reduction can be achieved by reducing transmission loses, reducing
infiltration and ventilation loads, recovering heat and using passive solar gain; while
cooling load &oidance can be achieved by reducing summer solar gain,
incorporating ventilation, using thermal storage and using other passive cooling
techniques (Balcomld,997) Passive solar gains\eagreat potential to contribute to
space heating in all climates and do not lkeealverheating if necessary solar
protection is used (Hestne997) The author also mentions the positive effects of
passive solar systems such as sunspaces and day Igygtegis for energy saving.
Lovell (2010) statethatproperly designed high performance glazing is

advantageoufor not only heat gain and thermal mass but also day lighting.

Lovell (2010) notes that operating windows should be correctly oriented, planned
and sized; otherwise, some problems such as energy waste, noise, inconstant
ventilation ratesor air leakage may occur. In addition, the author mestnoix-

mode ventilation systespnwhich employ a combination of natural and mechanical
systemawith the hép of sensors and BM&ndhave beneficial potential for some

cases.

Natural heating, cooling, ventilation and day lighting are related with each other and
should be considered together. Basic strategies to reduce energy consumption can be
evaluated simplynder; site planning, building form, building envelope, passive

solar systemsetc
2.5.1 Site planning

Site planning which includes orientation, neighborhood density, topography and
green spaces is able to bring energy saving by means of heating, cooling, ventilation
and dayligh{Brophy & Lewis, 2011)According to site situation and climate,
orientation vhich is also related with building form and envelope should be properly

considered

As Brophy & Lewis (2011) mention, south facing fagades and glazed areas are

beneficial by employing passive solar heating for the buildings in which heating load
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is dominan. In addition, the authors state overheating can be prevented by shading if
needed on south; while it is possible but difficult to shade east and west facades

effectively because of sun angle.

On the other hand, Brophy & Lewis (2011) note wind may chaagloss from
building by infiltration and convection so it should be take into account during
design while it is possible to modify wind speed and direction by land forms,

vegetation, structures and building form.

For cooling, orienting building and dgseing glazed areas to minimize solar
overheating is one of the strategies, while adequate daylight should be considered to
minimize internal gains from electric lighting since glazing locations and sizes are
important for dayligh{Brophy & Lewis, 2011)The authors note that water features
may be used for evaporative cooling and shading by vegetation or devices can be
used for preventing overheating, while directing wind properly to reduce cooling

load is also useful.

In addition, ventilation which carelprovided naturally by properly oriented opening
windows is not only a part of cooling but also a need for internal air quality in any
climate(Brophy & Lewis, 2011).

2.5.2 Building form

Designing spatial organization and the form correctly at the begjrivas important
effect on energy saving, while changes are difficult or even impossible sometimes
and both financially and environmentally costly after building is {Bilbphy &

Lewis, 2011).The authors state some strategies which are related witbrthe

depends on controlling solar gain and wind to reduce energy consumption as;

e zoning and orienting spaces properly,

¢ finding optimum shape for building mass,

e designing sunspace, courtyard and atrium,

e adjusting surface to volume ratio and window waliorat
e taking ventilation and infiltration into consideration

¢ |ocating openings properly,
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e adjusting surface areas at different directions according to climate conditions,
e using buffer zones and thermal mass,

e employing overhangs, arcades, shutters and canopies totshadeelope.

2.5.3 Building envelope

Mediating the effects of climate on the occupants and the energy systems of building,
collecting and storing heat, redirecting light, controlling air movereerd

generating power are duties which are expected from building envelope in terms of
energy, while any building enclosure is already responsible for keeping out wind,

rain and damp, letting light in, conserving heat and proving security and privacy
(Brophy & Lewis, 2011) The authors mention some strategies for envelope design

which may include solid, translucent and transparent elements as;

e modify envelope according to different orientations for heating, cooling and
daylight strategies

e design envelopt achieve thermal comfort by means of thermal mass and
insulation

e avoid thermal bridge and infiltration

e provide controlled energy efficient ventilation with heat recovery

¢ integrate appropriate passive components to advance the effibigncy
consideringootential thermal collection and storage

e consider glazing ratio and position

e considetthermal solar and light transmission properties of materials

Brophy & Lewis(2011) advise theuseof active technologies on envelgper
energy productiomvith renewable energy sources. As the authors mention, green
roofs, trombe walls, double skin facades, lightlirecting and chromic glazing, high

performance windows, shading devices are some components of building envelope.

Lovell (2010) mentions that-dalue indicates the rate of heat flow lost through an
element by conduction for a unit of temperature, whiteaRie is the resistance to
heat flow by auilding element. So higher-4alue resulin higher heat loss, while

higher Rvalue results higher resistee to heat flow.
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Daylighting issue should be considered with cooling and heating together, for
example winter sun may bring undesired glare with heat and summer sun may bring
undesired heat with ligh{t.ovell, 2010) The author mentions daylighting varied®

are constantly changing according to season, day time and other conditions.
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CHAPTER 3

MATERIAL AND METHOD

In this Chapterthe material used artde methodof the study is presented.
Descriptions and selection criteria of thebject material are given under the
material section. The methodology and operational procedure that is used to assess

the material is described under the method section.

3.1 Material

In the study, comparative impacts of active systems and passivegissatere
investigated on a basmse buildindy adding various elements omwiith computer

based building energy simulations.

Function of the basease building could be one of various types such as residential,
commercial, governmental, educationahealthcare. Howevetype of the building
used in this study is chosen as residential diterature review points out that
residential buildings has not only highest amount of energy consumption but also
highest energy saving potential among buildiyjaes.

Building typology s effective on design decisioasad priorities one of the reasan

is that esponsibility of different indicators on energy consumption varies by building
function.For example; space heating is responsible for 30.7% of total consumption
in residential buildings and 14.2% in commercial ones, while lighting is responsible

for 11% of total consumption in residential and 25.5% in commercial (EC, 2007).

63



the other handrequired interior temperatuvaries by typeand operation systems are
different.

The seventeen storey building was constructed in 2011 with reinforced concrete
structure by using tunnel formwork system. It represents a good example for typical
construdon in Turkey over the last decade with arrangement of windows, spatial

design and construction method with shear svall

The building that was chosen as base case is situateskarhirroad in Ankaraand
part of a building complex which includes four identical residetdigskrs Location
of the building is shown in Figure 3.1
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Figure 31: Location of the base case building (Google, 2013)
Coordinatess 39° 53'N, 32 40'E ancklevation is 938m for the existing building
Ankara isclassified as cold semi arid climate (BSK) in Képpen stadgell, 2010)
and is located in the Greenwich Mean Time (GMT) +2 time z&wmmilarly, local
climate is described &®ld winters and hot summers in Trewartha climate
classification; and as sefarid, mesothermal and close to continental climate in

Thornthwaite.
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Weather data used for Ankara in this study is International Weather for Energy
Calculations (IWEC) data in Eengy Plus WeatheEPW) format. The data is
average weather data whichgsnerated fron30 yearsof weatherecordsin order to
be suitable for heatingnd cooling load calculation and it is supplemented by sky

coverage, wind speetirection and illuminabn, radiation ranges.

LOCATION: ANKARA, -, TUR
TEMPERATURE RANGE Latitude/Longitude: 40.12° North, 32 98° East. Time Zone from Greenwich 2
Data Source: IWEC Data 171280 WMO Station Number, Elevation 949 m

LEGEND
o
30
o o
RECORDEDHIGH. o | 25 — =
DESIGN HIGH o [
‘ AVERAGE HIGH - 20 | m 5 1
b MEAN - ==
AVERAGE LOW - 15 o | W 1 [T  m
DESIGN LOW - o
RECORDEDLOW- o ) - | =
COMFORT ZONE 5 1 =

TEMPERATURE RANGE: 25
10040 C : Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov, Dec Annual

@ FittoData

Figure3.2 Annual temperature range for Ankara

Average annual precipitatian Ankara is 4038mm for last 40 years and most of
precipitation is irmutumntime. Hottest months are July and August; coldest month is
January. Figur8.2shows annual temperature and Figu&shows monthly diurnal
averages for temperature and radiation. There are high differences in temperature
between day and night, wintercaeaummer. As can be seen from FigBr4 the

variations in annual direct solar radiation has similar pattern with temperature values.
The highest solar radiation is obtained in July and August, while the lowest values
are in January and December. Emailar pattern is also present for illumination

range which is highest iugust and lowest in December. On the other hand, sky
coverage range shows an inverse pattern reasonably with highest value at December

and lowest at Augusts seen in Figure 3.5
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MONTHLY DIURNAL AVERAGES

LOCATION:

Latitude/Longitude: 40.12° North, 32 98° East. Time Zone from Greenwich 2
Data Source:

ANKARA, -, TUR

IWEC Data 171280 WMO Station Number, Elevation 949 m
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Figure3.3 Monthly diurnal averages for Ankara

LOCATION: ANKARA, -, TUR
ILLUMINATION RANGE Latitude/Longitude: 40.12° North, 32 98° East, Time Zone from Greenwich 2
Data Source: IWEC Data 171280 WMO Station Number, Elevation 949 m
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Figure3.4: Annualilluminationrange for Ankara
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Figure3.5 Annualsky coverange for Ankara
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As can be seen from Figure 3@evailing wind direction is northast and north
from May toOctober for Ankara with a temperature rangbetween 0°C and 20°C.
Figure 3.7shows that winds from southiest shares total time with noréast from

October to May, while winds north is present still.

WIND WHEEL Latitude/Longitude: 40.12° North, 32.98° East, Time Zone from Greenwich 2
Data Source: IWEC Data 171280 WMO Station Number, Elevation 949 m
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Figure 3.6 Wind wheel for Ankara, from May to October.
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Data Source: IWEC Data 171280 WMO Station Number, Elevation 949 m
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Figure 3.7 Wind wheel for Ankara, from October to May.

Thebase case residential module that has been evaluated is a part of an existing
buildingand based on the existing building's form, plan, orientation and location.

Theexisting building which carries typical design features for residdmtiédingsin
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Turkeyis selected and then theaterialsused in the building is modifieaccording

to the minimum requirements of "Turkish Building Regulations for Thermal
Insulation’ (TS 825) Wich is given in the Appendix A, in order to obtain a real base
caseln theregulations, Turkey is evaluated in four zones in terms of their climatic
conditions and Ankara is in the third zone, while the prescribedluks are

different for different zones. In third zonmaaximumuU-value is 0.50W/rfK for

walls (U war), 0.30W/nfK for roofs (Ureof), 0.45W/niK for slabs (Ui and

2.4W/nfK for windows (Uyin).

Figure 3.8 Site planof theexisting building.

Selected buildings noted as Al in Figure 3.8asecase module is at 8th floor, and

at northeast side of the building\et area of the base case residential module is 144
m? and it is 156.35 Awith 12.35 nf balconies. Plan lay out of the module is shown

in Figure3.9. Natural gas based central heating system and panel radiator in modules
are present in the existing building for heating. The module, in which floor to floor
height is 3m, has view to sou#ast, soutlwest and norttwest. Also, elevation can

be seen frm Figure3.10
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Figure3.1Q Elevation of existing building.

Since active systenigve changing reactions to changing conditions, they cannot be
evaluated with conventional metha@choa & Capeluto, 2008Computer based
simulationsgive reasonable and consistent results in comparison with the constructed
building (Hestnes1997) On the other hand, accuracy of computer based
energy/thermal simulations depends on input parametect \whould be assigned
appropriately and correctly. In other words, knowledge and understanding about both
simulation software and building physics are very important to assess a building
validly. DesignBuilder software which is an interface for Energy®ussed to

evaluate active systems and passive strategies in terms of energy saving potential for
buildings.DesignBuilder which is able to useeather data from IWEC for Ankara,
allows to assign and test various active and passive parameters fardalidi

calculating building energy use on an hourly basis for 8760 hours per year

3.2Method

The study uses computer based energy simulations to #ssésgact of active
systems and passive strategies on energy saving for buildings. As stated before, a
residential building which reflects typical residential design features in Turkey is
selected and a module in it is used for simulations. While orientabcation,

weather and site conditions, building form, window/wall ratio is taken as it is in
existing modulebuilding envelope is assigned according to minimum requirements
in TS 825.The basecase module has soudiast (SE), norteast (NE) anaorth
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west (NW) facades with 50.4%49.5%- 22.6% window/wall ratiaespectively
Heating sepoints are assigned according to ASHRAE2E®4standards for the
calculationsThere is no shading device and no solar system included in design.
Natural ventiation is employed by means @berablevindowswhich are operated
by user. It is assumed thhe user will follow acertainroutine and open windows at
a specific time interval every day throwgh theyear. The specific time interval
which is assigned aording to occupancy period is 7:00a@00am and 8:00pm
9:00pm Thiswas based on tressumptiorthe occupants will leave home at around
8:00 am in the morning to be at work at 9:00 andwill returnhome around
7:30pm in the eveningt is also assumeithat theoccupants will not open windows
assoon aghey arrive homeSimulation number (SN) 1 deals with the basse
scenario with features given abo@&nce all neighbor units are same with bease
module, it is assumed that there is no heat trabsfeveemeighbor units for all
simulations they are adiabatic zonda addition to this, stairwell is also assumed as

heated zone antbnsidereds adiabatiin the simulations

Before starting to test various active and passive building elemenbgdbease
module is simulated with worstase orientation which has no view to south in SN2

in order to evaluate impact of orientation better in later parts.

Various active systems and passive strategies whiaghldegen chosen in the light of
literature survey have been evaluated by addintp time basecaseresidential

module in three seriatescribed in the following paragraphs

The first seriesof variation improves the module by addition of only active sysiem
as can be seen from Table.3All sensor based operations for all systems can be
limited by an operation schedule and also interrelated with other systems by means
of BMS.

In the first seriessensor based and automatically operated windowsaftoiral
ventilation is one of the active systems. Sensors are sensitive to irderior
temperature and temperature diéiaze between inside and outsidgensing

environments and responding to the conditions according to requirements may bring
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more efficiency imatural ventilationwhile uncontrolledventlation increases

heating load.

e SN3: Natural ventilation is active wheair temperature in the zone is higher
than 23.5 °Ghrouglout theyear.

e SN4: Natural ventilation is active when air temperature in the momgher
than 23.5 °C and outside temperature is lower at least 2 °C than inside
througlout theyear.

¢ SNb5: Natural ventilation is active when air temperature in the zone is higher
than 23.5 °Gn betweerB0 April and 30 Septemhéwindow operation is off
duringautumnand winter.

e SNG6: Natural ventilation is active when air temperature in the zone is higher
than 23.5 °C and outside temperature is lower at least 2 °C thanimside
between 30 April and 30 Septemb®@findow operation is off duringutumn

andwinter.

Another active system lgjhting sensors and automatéghting control which is
able to improve reduction ectricity usage in spadighting by evaluating daylight
levels in zones. Required lighting levels for each is aveassigned aceding to

the standardseporedby the Chamber of Electrical Engineer (EMO) in TurKsge:
Appendix B) It is assumed that occupants will also follow a senseaction process
and lighting will be active for just occupancy periods. Becausegfdbcyancy
sensors are not used for residerigldingsand basease module is assigned with

same occupant control.

e SN7:Linear (continuous) lighting control is used. The lights dim
continuously from minimum light output to maximum output as day lighting
illuminance decreases.

e SNB8: Linear/off (continuous/off) lighting control is used. Reaction is same
with linear control but the lights will be switched atfminimum dimming
point.

e SNB9: Stepped lighting control whic¢hrns lightson/off in discrete stepdue

to level ofnatural daylight. Control step number is assigned as three.
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